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Abstract. The aim of the present study was to investigate the 
expression of forkhead box M1 (FoxM1) and E-cadherin in 
tissues of gastric cancer in order to reveal any correlation between 
FoxM1, E-cadherin and clinicopathological parameters. The 
association between FoxM1 and E-cadherin in the develop-
ment and progression of gastric cancer was also investigated. 
The expression of FoxM1 and E-cadherin in gastric cancer and 
adjacent normal tissue on tissue microarray was detected using 
immunohistochemistry. The clinicopathological significance 
of FoxM1 and E-cadherin in gastric cancer was explored, and 
the association between FoxM1 and E-cadherin was further 
examined using statistical techniques. In gastric cancer tissues, 
the expression of FoxM1 and E-cadherin was strongly positive, 
but it was weak in normal gastric mucosa. Overexpression of 
FoxM1 was evident in gastric cancer, and was associated with 
poor tumor differentiation (P<0.05), advanced tumor state 
(P<0.05) and lymph node (or distant) metastasis (P<0.05), 
whereas E-cadherin had the opposite effects. Furthermore, 
the correlation between FoxM1 and E-cadherin expression 
in gastric cancer tissue was negative. In conclusion, the high 
FoxM1 expression and low E-cadherin expression in gastric 
cancer tissue suggests that these proteins play a critical role in 
the development and progression of gastric cancer.

Introduction

Gastric cancer, one of the leading causes of cancer-associated 
mortalities worldwide, is the fourth and the fifth most common 
cancer in males and females, respectively (1). In 2012, Nagini 

suggested that, in spite of the advances in diagnosis and 
therapeutic methods, numerous patients with gastric cancer 
succumb to invasion and metastasis, with only a <20% 5-year 
survival rate for advanced gastric cancer (2). The diverse risk 
factors that contribute to the development of gastric cancer 
include, among others, precancerous lesions, genetic factors 
and Helicobacter pylori infection (3). However, the reasons 
for the very poor prognosis of advanced gastric cancer are 
currently not understood. Therefore, the mechanisms involved 
in gastric cancer metastasis require to be urgently investigated.

Forkhead box M1 (FoxM1), a transcription factor charac-
terized by a conserved winged-helix DNA-binding domain, 
was previously known as forkheaddrosophila homolog like 16, 
HNF-3/fork-head homolog 11, Trident and membrane palmi-
toylated protein 2 in the literature (4). Emerging data suggest 
that FoxM1 is considered to be a key regulator in the cell cycle 
at the G1-S and G2-M phases, by controlling the expression 
of essential genes and the progression of mitosis (5). Recently, 
numerous studies on FoxM1 have suggested that FoxM1 is 
implicated in angiogenesis, invasion and metastasis, indicating 
that FoxM1 may be oncogenic and play a significant role in 
tumorigenesis (6,7). Based on the published literature, the 
expression of FoxM1 in multiple cancers is strongly positive, 
and markedly contributes to the progression of cancers such 
as pancreatic, colorectal and breast cancer (6-8). Notably, the 
study by Li et al reports that the expression of FoxM1 in tissue 
and cell lines of gastric cancer is higher than that in normal 
tissues, and is a favorable biomarker for the prognosis of 
patients with gastric cancer (9). Furthermore, the above study 
offers prominent evidence that enforced expression of FoxM1 
in mice enhanced the tumorigenic and metastatic abilities 
of human gastric cancer cells, whereas attenuated FoxM1 
expression did the opposite, indicating that FoxM1 occupies 
an important position in the progression of gastric cancer (10). 
Additionally, it has been reported that the expression of vascular 
endothelial growth factor is directly regulated by FoxM1 at the 
level of transcription, contributing critically to the angiogen-
esis of gastric cancer (10). Furthermore, it has been previously 
demonstrated that reduced FoxM1 expression inhibits the 
ability of proliferation and invasion of nasopharyngeal carci-
noma cells by modulating the epithelial-to-mesenchymal 
transition (EMT) (11). In contrast, elevated expression of 
FoxM1 increases the invasion of hepatocellular carcinoma 
cells by suppressing the expression of epithelial cell markers 
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and acquiring the EMT phenotype (12). Due to the critical 
role of FoxM1 in multiple tumors, it is essential to determine 
the precise mechanisms and functions of FoxM1 in tumors, 
particularly in gastric cancer, which is rarely studied.

E-cadherin, also termed cadherin 1, is a pivotal 
membrane-spanning glycoprotein of epithelial cells, 
containing an extracellular structure consisting of five cadherin 
repeats (13). Accumulating evidence has demonstrated that 
E-cadherin functions in several aspects of cellular activity, 
including cell communication, cell signalling, cell recognition, 
tissue morphogenesis, oncogenesis and, in particular, intercel-
lular adhesion (13). Notably, little is known about the role of 
E-cadherin in EMT, which induces the invasion and metastasis 
of cancer cells (14). Yu et al have verified that a reduction in 
E-cadherin expression is associated with the loss of epithe-
lial phenotypes, which play a critical role in the process of 
EMT (15). Furthermore, patients with loss of E-cadherin in 
breast cancer have a higher proportion of mesenchymal pheno-
type tumor cells circulating compared with patients with normal 
E-cadherin expression, demonstrating that E-cadherin may 
also be responsible for the diffusion of circulating tumor cells 
with a mesenchymal phenotype (16). Despite the large body of 
research on the role of E-caherin in the development of EMT, 
the underlying regulatory mechanism(s) of E-caherin remain(s) 
largely unknown, particularly in the case of gastric cancer.

The present study aims to clarify the clinical significance of 
FoxM1 and E-cadherin and to establish any correlation between 
FoxM1 and E-cadherin, which may help to establish the role of 
FoxM1 in EMT, invasion and metastasis of gastric cancer.

Materials and methods

Tissue microarray. All gastric cancer tissue microarrays used 
in the present study were purchased from US Biomax, Inc. 
(Rockville, MD, USA), including 70 cases of gastric cancer 
tissues and 5 cases of normal gastric mucosa. Each core of the 
tissue microarray represents a sample. US Biomax, Inc. also 
provided patient information concerning age, gender, clinical 
stage, histological grade and pathological diagnosis.

Tissue immunohistochemistry. The expression of FoxM1 and 
E-cadherin in gastric cancer tissue microarrays was analyzed 
using rabbit anti-FoxM1 polyclonal antibody (cat. no. sc-500; 
1:100; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and 
mouse anti-E-cadherin monoclonal antibody (cat. no. 610182; 
1:200; BD Biosciences, Franklin Lakes, NJ, USA). Standard 
immunohistochemical procedures were implemented as 
follows: The samples on slides embedded with paraffin and 
formalin were firstly dewaxed in xylene and rehydrated in 
alcohol gradients of 100, 95, 85 and 75%. The slides were 
then heated to 95˚C for 30 min to retrieve antigens in the 
tissues. The activity of endogenous peroxidase was blocked 
by employing 3% hydrogen peroxide for 10 min. Part of the 
tissue was covered with normal serum (Proteintech Group, 
Inc., Rosemont, IL, USA) at room temperature for 30 min. 
Then, the samples on the slides were incubated with antibodies 
against FoxM1 and E-cadherin overnight at 4˚C. The slides 
were subsequently incubated with peroxidase-conjugated 
AffiniPure goat anti-rabbit (cat. no. SA00001-2; 1:500) 
and goat ant-mouse (cat. no. SA00001-1; 1:500) Ig G (H+L) 

(Jackson ImmunoResearch Laboratories, Inc., West Grove, 
PA, USA) for 1 h at room temperature. Next, the samples were 
stained with 3,3'-diaminobenzidine and counterstained with 
hematoxylin. The procedure of dehydration was implemented, 
and finally covers slips were applied.

Immunohistochemistry score. The staining scores were evalu-
ated independently by two investigators, who were blinded to the 
information on the microarrays. Based on the staining intensity 
and number of positive cells, FoxM1 and E-cadherin samples 
were sorted into three groups, namely, a negative group, a weak 
positive group and a strong positive group. The staining inten-
sity was categorized into four grades as follows: No staining, 0; 
light staining, 1; moderate staining, 2; and dark staining, 3. The 
percentage of positive cells was classified into five groups as 
follows: <10%, 0; 10-25%, 1; 25-50%, 2; 50-75%, 3; and >75%, 
4. The overall scores of ≤3, 3‑6 and >6 were termed as negative, 
weakly positive and strongly positive, respectively.

Statistical analysis. The differences between FoxM1 and 
E-cadherin expression and clinicopathological parameters 
from the tissue microarray specimens were determined by 
the Wilcoxon rank-sum test. The correlation between FoxM1 
and E-cadherin expression was determined by the Spearman's 
rank correlation test (r,P). P<0.05 was considered to indicate a 
statistically significant difference. SPSS version 17.0. (SPSS, 
Inc., Chicago, IL, USA) was used for the analysis.

Results

Expression of FoxM1 in gastric cancer samples and its direct 
association with clinicopathological features. FoxM1 expres-
sion in gastric cancer was detected primarily in the cytoplasm 
and nuclear compartment. The results demonstrated that the 
staining of FoxM1 in normal gastric mucosa was negative, 
whereas the staining of FoxM1 in the majority of gastric 
cancer tissues was strong or weak positive (P<0.001, Fig. 1A). 
Furthermore, the present study revealed that high expression of 
FoxM1 in gastric cancer was closely associated with advanced 
tumor stage, poor tumor differentiation and lymph node (or 
distant) metastasis. The expression of FoxM1 in advanced 
tumors (stages III and IV) was higher in comparison with that 
in early tumors (stages I and II) (P<0.001, Fig. 1B). Addition-
ally, the expression of FoxM1 in well-differentiated (grade I) 
and moderately-differentiated (grade II) gastric cancer was 
lower compared with that in poorly-differentiated (grade III) 
gastric cancer (P=0.002, Fig. 1C). In addition, the staining of 
FoxM1 in samples with lymph node (or distant) metastasis 
was strongly positive, in contrast to that in samples with no 
metastasis (P<0.001, Fig. 1D)

Expression of E‑cadherin in gastric cancer samples and its 
direct association with clinicopathological features. The 
expression of E-cadherin in gastric cancer was detected mainly 
in the membrane of epithelial cells. The results revealed that the 
staining of E-cadherin in normal gastric mucosa was strongly 
positive, whereas the staining of E-cadherin in the majority of 
gastric cancer tissue samples was weakly positive or negative 
(P<0.001, Fig. 2A). These results indicate that the low expres-
sion of E-cadherin in gastric cancer was closely correlated with 
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advanced tumor stages, poor tumor differentiation and lymph 
node (or distant) metastasis. The expression of E-cadherin in 
advanced tumors (stages III and IV) was lower in comparison 
with that in early tumors (stages I and II) (P=0.029, Fig. 2B). 
Additionally, the expression of E-cadherin in well-differenti-
ated (grade I) and moderately-differentiated (grade II) gastric 
cancer was higher compared with that in poorly-differentiated 
(grade III) gastric cancer (P=0.050, Fig. 2C). In addition, the 
expression of E-cadherin in samples that had not metastasized 
was strongly higher than that in samples with lymph node (or 
distant) metastasis (P=0.037, Fig. 2D)

Correlation between FoxM1 and E-cadherin expression. To 
clarify the association between FoxM1 and E-cadherin expres-
sion in gastric cancer, the results of immunohistochemical 

staining were analyzed. Among all the primary gastric cancer 
tissues, 36 cases with positive FoxM1 expression and negative 
E-cadherin expression were identified. There were 9 cases 
with negative FoxM1 expression and positive E-cadherin 
expression. The correlation between FoxM1 and E-cadherin 
expression in gastric cancer was negative (r=-0.255, P=0.035). 
Additionally, the staining of FoxM1 in normal gastric mucosa 
was negative, while the staining of E-cadherin was posi-
tive in the same samples. Based on these results, a negative 
association appears to exist between FoxM1 and E-cadherin 
expression, since the staining of E-cadherin was negative 
in samples that were strongly positive for FoxM1 (Fig. 3), 
whereas the staining of E-cadherin was moderately positive 
in those samples that exhibited moderately- positive staining 
for FoxM1 (Fig. 3).

Figure 1. FoxM1 expression in samples of gastric cancer and its association with pathological features. (A) FoxM1 expression was detected by immuno-
histochemical analysis of tissue microarrays. Representative images of FoxM1 expression in normal gastric mucosa and gastric cancer tissue are shown 
(magnification, x100, and x200 for the inserts). The staining of FoxM1 in the normal gastric mucosal cells was negative, whereas the staining of FoxM1 in 
gastric cancer tissue cells was strongly positive. (B) FoxM1 expression was positively correlated with tumor stage (P<0.001 for stages I and II vs. stages III 
and IV). Representative images of stage I (weakly positive) and III (strongly positive) tumors are shown (magnification, x200). (C) FoxM1 expression was 
positively correlated with tumor differentiation (P=0.002 for grades I and II vs. grade III). Representative images of grade II and III tumors are shown (mag-
nification, x200). (D) FoxM1 expression was positively correlated with lymph node (or distant) metastasis (P<0.001 for non‑metastasis group vs. metastasis 
group). Representative images of gastric cancer with or without metastasis are shown (magnification, x200). FOXM1, forkhead box M1.
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Discussion

The present study aimed to determine the clinical significance 
of FoxM1 and E-cadherin expression, and to uncover any 
critical correlation between FoxM1 and E-cadherin in driving 
the progression of gastric cancer. On the basis of the present 
results, there is a clear association between FoxM1, E-cadherin 
and clinicopathological features. Additionally, a negative corre-
lation between FoxM1 expression and E-cadherin expression 
was identified in gastric cancer. Based on the aforementioned 
findings, it is possible to suggest that the dysregulated expression 
of FoxM1 may be responsible for E-cadherin expression, which 
may be a critical contributor to the EMT of gastric cancer. The 
negative correlation between FoxM1 and E-cadherin suggests 
that there may be a FoxM1/E-cadherin signaling pathway that 
ultimately results in the metastasis of gastric cancer.

FoxM1, a transcription factor belonging to the Fox 
protein superfamily, is involved in the complicated process of 
temporal and spatial gene expression during embryonic devel-
opment and tissue homeostasis (17). Lines of newly-presented 
evidence have demonstrated that FoxM1 is a key regulator, 
not only playing a central role in controlling gene expres-
sion in both the G1-S and G2-M phases, but is also essential 
for mitotic progression and stability of chromosomes (17). 
Furthermore, FoxM1 has been implicated in different 
aspects of the progression of various cancers, including cell 
proliferation, tumor angiogenesis, migration, invasion, EMT 
and metastasis (18). According to the literature, the expres-
sion of FoxM1 is particularly high in pancreatic cancer (6), 
breast cancer (7), colorectal cancer (8) and hepatocellular 
carcinoma (12), as well as in a large number of other types 
of tumor cells (19), indicating that FoxM1 greatly contributes 

Figure 2. E-cadherin expression in samples of gastric cancer and its association with pathological features. (A) E-cadherin expression was detected by 
immunohistochemical analysis of tissue microarrays. Representative images of E-cadherin expression in normal gastric mucosa and gastric cancer tissue are 
shown (magnification, x100, and x200 for the inserts). The staining of E-cadherin in normal gastric mucosa cells was strongly positive, whereas in gastric 
cancer tissue cells, it was weakly positive or negative. (B) E-cadherin expression was negatively correlated with tumor stage (P=0.029 for stages I and II vs. 
stages III and  IV). Representative images of stage I and III tumors are shown (magnification, x200). (C) E-cadherin expression was negatively correlated with 
tumor differentiation (P=0.050 for grades I and II vs. grade III). Representative images of grade II (strongly positive) and III (weakly positive) tumors are 
shown (magnification, x200). (D) E-cadherin expression was negatively correlated with lymph node (or distant) metastasis (P=0.037 for non-metastasis group 
vs. metastasis group). Representative images of gastric cancer with or without metastasis are shown (magnification, x200).
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to the development and progression of numerous human 
tumors. Clinical evidence reported by Chu et al (20) revealed 
that the expression of FoxM1 protein was much higher in 
colorectal cancer in comparison with that in the surrounding 
normal tissue. Additionally, high FoxM1 expression was 
closely correlated with advanced tumor-node-metastasis 
(TNM) stage, lymph node metastasis and low 5-year survival 
rate. In our previous studies, it was demonstrated that the high 
expression of FoxM1 in pancreatic cancer was significantly 
correlated with poor tumor differentiation, advanced TNM 
stage and lymph node metastasis, thus manifesting the key 
role of FoxM1 in the progression of pancreatic cancer (6). 
Similarly, the present study revealed that high expression of 
FoxM1 was strongly correlated with poor tumor differen-
tiation, advanced tumor stage and lymph node (or distant) 
metastasis, thus revealing the critical role of FoxM1 in the 
development, invasion and metastasis of gastric cancer. 
Accumulating evidence suggests that FoxM1 plays a critical 
role in the migration, invasion and metastasis of different 
type of cancers, including pancreatic cancer (21), lung adeno-
carcinoma (22) and prostate cancer (23), by acquiring the 
EMT phenotype. Our previous study detected the expression 
of FoxM1 in different pancreatic cancer cell lines, and the 
expression of FoxM1 in pancreatic cancer cell lines with 
pronounced metastatic ability was observed to be higher 
compared with that in pancreatic cancer cell lines with poor 
metastatic ability (21). Kong et al demonstrated that reduced 
FoxM1 expression can reverse the mesenchymal phenotype 
of non-small cell lung cancer (NSCLC) cell lines into the 

epithelial phenotype (24). In addition, the migratory ability of 
NSCLC cell lines was decreased upon transfection with small 
interfering RNA targeting FoxM1 (24). Overall, the above 
observations further strengthen the hypothesis that FoxM1 
may function as a tumor promoter in gastric cancer.

It is well known that E-cadherin, which is mainly expressed 
by epithelial cells and is responsible for cell-cell adhesion in 
tissues, plays a critical role in the maintenance of cell morphology 
and homeostasis (25). Several lines of evidence have demon-
strated that E-cadherin, termed a tumor suppressor, inhibits the 
migration, invasion and dissemination of tumors by affecting the 
EMT, which is acknowledged as the key mechanism underlying 
metastasis of various tumor cells, including hepatocellular (26), 
breast (27) and colorectal cancer (28). Zhai et al (29) observed 
that decreased expression of E-cadherin was critically corre-
lated with various clinicopathological features of hepatocellular 
cancer, including late disease stages, poor tumor differentiation 
and lymph node metastasis. Consistent with these observa-
tions, in the present study, reduced expression of E-cadherin 
was also strongly associated with advanced tumor stage, poor 
tumor differentiation and lymph node metastasis, indicating that 
E-cadherin detection may be a significant prognostic hallmark 
in gastric cancer. Based on the published literature, there are 
numerous potential mechanisms involved in migration, inva-
sion and metastasis of tumors. For example, it was stated by 
Zhou et al that the activation of the estrogen receptor β1 can 
upregulate the expression of E-cadherin in breast cancer and 
inhibit its migration and invasion (27). However, little is known 
concerning the regulatory mechanisms involved in invasion and 

Figure 3. Co-expression of FoxM1 and E-cadherin expression in gastric cancer. (A) Immunohistochemical staining was performed with antibodies against 
FoxM1 and E-cadherin in gastric cancer tissue. Representative images of strongly-positive FoxM1 and negative E-cadherin staining are shown (magnification, 
x100, and x200 for the inserts). (B) Representative images of strong/moderate FoxM1 and moderate E-cadherin staining in gastric cancer sections are shown 
(magnification, x100, and x200). (C) A direct correlation between FoxM1 and E-cadherin expression in gastric cancer tissue was identified (n=70; Spearman's 
rank correlation test, r=-0.255; P=0.035). Of note, certain dots on the graph represent >1 sample (overlapped scores). (D) Summary of the expression of FoxM1 
and E-cadherin in 70 gastric cancer samples. FoxM1, forkhead box M1.
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metastasis and their association with FoxM1 and E-cadherin 
in gastric cancer. In the current study, a negative correlation 
was detected between FoxM1 and E-cadherin in tissue and 
cell lines of gastric cancer. Furthermore, a previous study by 
Wierstra (30) revealed that the transcription factor FoxM1c can 
directly combine with the promoter of the EMT-associated gene 
E-cadherin in mice and humans. Therefore, we hypothesize 
that FoxM1 can directly bind to the promoter of E-cadherin, 
thus inducing changes in EMT, which promotes invasion and 
metastasis in gastric cancer.

Taken together, the present findings have demonstrated 
the expression pattern of FoxM1 and E-cadherin in gastric 
cancer and adjacent normal tissue, and have also uncovered 
the correlation between FoxM1, E-cadherin and clinico-
pathological parameters in gastric cancer. The present results 
strongly suggest that FoxM1 and E-cadherin play a vital role 
in the development and progression of gastric cancer. The 
positive correlation between FoxM1 and E-cadherin in tissues 
and cell lines of gastric cancer indicate that there may be a 
FoxM1/E-cadherin signaling pathway contributing to the 
invasion and metastasis of gastric cancer, which may be a 
promising molecular target for the treatment of gastric cancer 
in the future.
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