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Introduction

Forkhead box M1 (FoxM1), a nuclear protein that 
influences multiple proteins and enzymes required for 
mitosis and cytokines, is essential for normal cell cycle 
execution during G1-S, G2 and M phase transitions (Myatt 
and Lam, 2007). Since rapid traverse of the cell cycle 
is essential for tumorigenesis, most cancer would thus 
produce large amounts of FoxM1 to sustain their rapid 
growth, enabling FoxM1 as one of the most stable tumor 
markers. In addition, clinical investigations revealed that 
overexpressed FoxM1 was correlated with tumor features, 
such as size, stage, differentiation, invasion, metastasis, 
and eventually, correlated with the prognosis of cancer 
patients (Sun et al., 2011b). 

Great efforts have been put to explore the underlying 
mechanisms of FoxM1 in tumorigenesis. The current 
studies of FoxM1 were mainly focused on the cell 
cycle progression, apoptosis, senescence, angiogenesis, 
invasion, migration and proliferation (Koo et al., 2012). 
Thus, many anticancer drugs targeting or inhibiting 
FoxM1 were subsequently developed. 

This present review will focus on the literature 
describing the expression of FoxM1 in human tumors, 
investigating the clinical prognostic roles of FoxM1 
expression, or indicating the potential use of anti-
cancer drugs targeting/inhibiting FoxM1. Furthermore, 
we also tried to explore the possible mechanisms of 
FoxM1 involved in tumorigenesis, summarizing the 
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FoxM1 molecular pathway raised by current studies. 
Results showed that FoxM1 plays significant roles in the 
process of tumorigenesis, indicating the potential clinical 
application of FoxM1 in the near future.

Overexpression of FoxM1 in Human Cancers

FoxM1 is essential for cell growth and survival. 
Previous studies showed that organ defects in FoxM1 
-/- mice was probably due to lack of progenitor cell 
proliferation, suggesting that FoxM1 was not only 
expressed in proliferating cells, but might also be 
required for proliferation in normal cells (Korver et al., 
1998). Similarly, with respect to the FoxM1 ubiquitously 
expressed model, the overexpressed FoxM1 was 
correlated with the lung cell proliferation after tissue 
injury, indicating the potential proliferating roles of 
FoxM1 in different cell lines (Kalinichenko et al., 2003). 

Since sustaining proliferation signaling was recognized 
as one of the most important hallmarks of cancer, 
increasing expression of such related genes and the signals 
manifested in their products would result in increased 
cancer proliferation and tumor growth. Thus, there 
were consensus that FoxM1 were up-regulated in most 
malignancies. Advances in high-throughput technologies 
such as microarray and next-generation sequencing for 
gene expression profiles have reinforced the discovery of 
predictive biomarkers (Dang et al., 2014). Accordingly, 
a large-scale gene expression analysis identified FoxM1 
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as one of the most differentially-expressed genes in most 
solid tumors, enabling the FoxM1 as a consistent tumor 
marker in cancer (Okabe et al., 2001). Great efforts have 
then been put into identifying the expression level of 
FoxM1 in different types of cancer tissues. Usually, the 
definition of FoxM1 overexpression was based on the 
immunohistochemistry staining or realtime PCR. When 
the expression level of FoxM1 was significantly higher 
in cancer tissues than the corresponding paracancer or 
normal tissues, it was defined as overexpression. We 
have previously demonstrated the overexpression level 
of FoxM1 in hepatocellular carcinoma and gallbladder 
carcinoma by immunohistochemical staining. We 
also observed some relationship between the FoxM1 
expression and specific clinical characteristics of cancer 
patients, which we will discuss later (Wu et al., 2010; 
Qu et al., 2013; Wang et al., 2013a). Similar studies 
have also verified the overexpressed FoxM1 level in a 
series of malignancies, including liver cancer, pancreatic 
cancer, gallbladder cancer, gastric cancer, colorectal 
cancer, esophageal cancer, laryngeal cancer, thyroid 
cancer, lung cancer, pleural mesothelioma, breast cancer, 
ovarian cancer, cervical cancer, bladder cancer, renal 
cancer, nerve sheath tumor, lymphoma and leukemia 
(Table 1). Mechanisms of such overexpression level 
has been extensively explored, and some suggested that 
the expression level of FoxM1 was partially regulated 
by oncogenes and tumor suppressors, which are often 
mutated, lost, or overexpressed in human cancer, such as 
P53, HER2, and c-Myc.

Correlation between FoxM1 Expression 
and Clinicopathological Features in Human 
Cancers

Clinical investigations revealed that the overexpressed 
FoxM1 was correlated with specific characteristics of 
tumors. By correlation analysis, FoxM1 was found 
to be overexpressed in the more aggressive tumors. 

For example, in lung cancer, liver cancer and thyroid 
cancer, FoxM1 was correlated with the more aggressive 
phenotypes, including poor differentiation, advanced 
stage, larger tumor size and more tumor numbers (Yang et 
al., 2009; Sun et al., 2011b; Ahmed et al., 2012; Xia et al., 
2012b; Xu et al., 2012). In colon cancer, gastric cancer and 
lung cancer, higher expression of FoxM1 also accounted 
for the increased incidence of lymph node metastasis and 
distant metastasis (Li et al., 2009; Xu et al., 2012; Li et 
al., 2013a). Thus, the increased tumor progression and 
aggressiveness would eventually affect the prognosis of 
these cancer patients. 

Series of studies have focused on the relationship 
between FoxM1 expression and prognosis, and got almost 
consistent results that higher FoxM1 expression level was 
correlated with poorer prognosis of cancer patients. We 
summarized the eligible studies that focused on the FoxM1 
expression and prognosis by cox regression, the details of 
which were listed in Table 2 (Bektas et al., 2008; Li et al., 
2009; Yang et al., 2009; Jiang et al., 2011; Priller et al., 
2011; Sun et al., 2011a; 2011b; Yu et al., 2011; Chu et al., 
2012; He et al., 2012; Xia et al., 2012a; 2012b; Xue et al., 
2012; Li et al., 2013a; 2013b; Okada et al., 2013; Wang et 
al., 2013a; 2013b; Wu et al., 2013; Xu et al., 2013). Studies 
were eligible if they reported a risk estimate [e.g., hazard 
ratio (HR) or relative risk (RR) relating FoxM1 expression 
to subsequent death using survival analysis regression 

Table 1. Disregulation of FoxM1 in Human Tumors
Tumor with FoxM1 Overexpression

Hepatocellular carcinoma, Intrahepatic cholangiocarcinoma, 
Gallbladder carcinoma, Pancreatic cancer, Gastric cancer, 
Colorectal cancer, Esophageal carcinoma, Laryngeal 
carcinoma, Nasopharyngeal carcinoma, Neck squamous cell 
carcinoma, Thyroid cancer, Lung cancer, Pleural mesothelioma, 
Glioblastoma, Medulloblastoma, Meningioma, Basal cell 
carcinoma, Renal cancer, Uterine cancer, Bladder cancer, Breast 
canccer, Ovarian cancer, Cervical cancer, Prostate cancer, 
Testicular cancer, Acute myeloid leukemia, Diffuse large B-cell 
lymphoma

Table 2. Characteristics of Eligible Studies Focusing on FoxM1 Expression and Prognosis by Cox Regression
Author malignancy treatment No. of patients FoxM1 evaluation

Xue YJ (YJ Xue et al. 2012) renal cancer nephrectomy 83 immunstaining
Wu XR (XR Wu et al. 2013) renal cancer nephrectomy 87 immunstaining
Xia JT (JT Xia et al. 2012) pancreatic cancer surgical resection 80 immunstaining
Yu JS (J Yu et al. 2011) nerve sheath tumor surgical resection 87 immunstaining
Xu N (N Xu et al. 2013) lung cancer lobectomy 175 immunstaining
Wang Y (Y Wang et al. 2013) lung cancer surgery, chemotherapy 162 immunstaining
Yang DK (DK Yang et al. 2009) lung cancer lobectomy 69 immunstaining
Jiang LZ (LZ Jiang et al. 2011) laryngeal cancer surgical resection 89 immunstaining
Xia LM (L Xia et al. 2012) liver cancer hepatectomy 136 immunstaining
Sun HC (HC Sun et al. 2011) liver cancer hepatectomy 151 immunstaining
Sun HC (H Sun et al. 2011) liver cancer liver transplantation 99 immunstaining
Wang RT (R Wang et al. 2013) gallbladder cancer surgical resection 92 immunstaining
Okada K (K Okada et al. 2013) gastric cancer surgery, chemotherapy 77 immunstaining
Li X (X Li et al. 2013) gastric cancer gastrectomy 103 immunstaining
Li Q (Q Li et al. 2009) gastric cancer gastrectomy 86 immunstaining
Li DW (D Li et al. 2013) colon cancer colectomy 185 immunstaining
Chu XY (XY Chu et al. 2012) colon cancer colectomy 112 immunstaining
He SY (SY He et al. 2012) cervical cancer hysterectomy 102 immunstaining
Bektas N (N Bektas et al. 2008) breast cancer surgical resection 204 immunstaining
Priller M (M Priller et al. 2011) medulloblastoma surgical resection 43 immunstaining



Asian Pacific Journal of Cancer Prevention, Vol 16, 2015 25

DOI:http://dx.doi.org/10.7314/APJCP.2015.16.1.23
FoxM1 as a Novel Therapeutic Target for Cancer Drug Therapy

models], and they reported an estimate of precision, such 
as a standard error or 95%CI. We also included articles 
that failed to report precision directly but from which we 
could reconstruct an estimate of precision using P values 
and other study data (Parmar et al., 1998).

We could see that FoxM1 could be a stable prognostic 
marker in different types of cancer patients who underwent 
surgical resection or chemotherapy, including renal cancer, 
pancreatic cancer, nerve sheath tumor, lung cancer, 

laryngeal cancer, liver cancer, gallbladder cancer, gastric 
cancer, colon cancer, cervical cancer, breast cancer and 
medulloblastoma. Figure 1 displayed a plot of HRs and 
the associated 95%CIs for overall survival (OS) (A) and 
tumor-free survival (TFS) (B) from each study. Higher 
FoxM1 expression was associated with a decrease in OS 
and TFS in different kinds of cancer, with a pooled HR 
for OS across all studies of 2.02 (95%CI, 1.77-2.30), with 
significant evidence of heterogeneity (I2=63%, p<0.001), 
and with a pooled HR for TFS across all studies of 1.71 
(95%CI, 1.42-2.05), with no obvious heterogeneity 
(I2=0%, p=0.466), indicating the relationship of FoxM1 
with poor overall and tumor-free survival.

Possbible mechanisms

As a promising prognostic marker of cancer, 
great efforts have been put to explore the underlying 
mechanisms of FoxM1 in tumorigenesis, such as the cell 
cycle progression, apoptosis, senescence, angiogenesis, 
proliferation, invasion and migration (Koo et al., 2012). 
We have previously discovered that the knockdown 
of FoxM1 by siRNA interference would decrease cell 
proliferation, induce cell cycle arrest, and inhibit cell 

Table 3. Drugs Targeting FoxM1 or Assoicated with FoxM1-Related Durg Resistance, in Different Cancer Cell-
Lines
Drug Malignancy Cell-lines Drug Malignancy Cell-lines

Thiostrepton breast cancer MCF-7, MB-231 troglitazone liver cancer HepG2
 ovarian cancer OVCA433 pioglitazone liver cancer HepG2
 colorectal cancer HCT-15, HCT-116 rosiglitazone liver cancer HepG2
 thyroid cancer TPC-1 BI2536 esophageal cancer OE33
 osteosarcoma U2OS casticin liver cancer HepG2
 pancreatic cancer PaCa-2 5-fluorouracil breast cancer MCF-7
Daunorubicin breast cancer MCF-7 olaparib liver cancer HepG2
 liver cancer HepG2 TMPP leukemia U937, YRK2
 osteosarcoma U2OS natura-α prostate cancer LNCaP
 colorectal cancer HCT-116 DIM breast cancer MB-231, MB-468,
     SKBR3, MCF-7
Doxorubicin breast cancer MCF-7, MB-231 Ursolic acid breast cancer MCF-7
 colorectal cancer HCT-116 DFOG ovarian cancer SKOV3, CoC1
 liver cancer Hep3B  gastric cancer AGS, SGC-7901
 pancreatic cancer PaCa-2 genistein pancreatic cancer BxPC-3, HPAC,
     PaCa-2, PANC28
Epirubicin breast cancer MCF-7, MB-453  prostate cancer PC-3, LNCaP, 
      C4-2B
 osteosarcoma U2OS  ovarian cancer SKOV3, CoC1
Cisplatin breast cancer MCF-7  gastric cancer AGS, SGC-7901
 lung cancer A549 ICI182780 breast cancer MCF-7, ZR-75-1
Oxaliplatin liver cancer HepG2, SMMC7721 docetaxel prostate cancer LNCaP, PC-3,
     C4-2B
Tamoxifen breast cancer MCF-7, ZR-75-1  breast cancer MCF-7, SKBR3, 
      MB-231, MB-468
Herceptin breast cancer SKBR3, BT474, MB-453 mithramycin liver cancer HepG2
Gefitinib breast cancer BT474, SKBR3 Siomycin A colorectal cancer SW480, SW620
 lung cancer NCI-H292, SPC-A-1  osteosarcoma U2OS
Lapatinib breast cancer SKBR3, BT474 nutlin-3 osteosarcoma U2OS
Imatinib CML K562  colorectal cancer HCT-116
Vemurafenib melanoma A375, 501mel MG132 pancreatic cancer Paca-2
Bortezomib osteosarcoma U2OS  breast cancer MB-231
 pancreatic cancer Paca-2   colorectal cancer HCT-116
 breast cancer MB-231
 colorectal cancer HCT-116
*TMPP: 2,3,4-tribromo-3-methyl-1-phenylphospholane 1-oxide; DIM:3,3’-diindolylmethane; DFOG: 7-difluoromethoxyl-5,4’-di-n-octyl-genistein

Figure 2. Drugs Targeting FoxM1 Signaling and Its 
Interaction with Other key signaling pathways in 
Tumorigenesis, Highlighting the Application of FoxM1 
Targeted Drugs in Clinic in the Near Future
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invasion in HCC cell lines (Wu et al., 2010). In addition, 
we successfully enhanced the oxaliplatin-induced 
senescence in hepatocellular carcinoma by the negative 
regulation of FoxM1 via P53 (Qu et al., 2013). Similarly, 
as the small molecule inhibition was thought to be the most 
promising method of inhibiting FoxM1, large numbers 
of studies have successfully applied the siRNA method 
to verify the anti-tumor effect of targeting FoxM1 in 
different kinds of cancer. However, deeper mechanisms 
of how the FoxM1 tumorigenesis worked are still needed 
to be illucidated. 

Previous studies demonstrated that FoxM1 is a 
key regulator for G1/S, G2/M transition, and M phase 
progression. FoxM1’s participation in tumorigenesis 
is largely due to its role in cell cycle progression and 
proliferation. The impact of FoxM1 on the expression of 
cell division genes are significant for cancer development 
and progression. It also cooperates with other cell cycle 
regulators and oncogenes to promote proliferation signals 
in cancer cells. For example, the activated RAS increases 
the expression of FoxM1, which is critical for RAS-
induced transformation. Consistent with that, expression 
and transcriptional activity of FoxM1 are also regulated 
by the tumor suppressor genes, such as p53.

Several significant pathways were reported to be 
involved in the overexpression of FoxM1, such as PI3K/
AKT pathway, NF-κB pathway, EGFR pathway, Raf/
MEK/MAPK pathway, ERK pathway, Sonic hedgehog 
pathway, COX-2 pathway, and proteasome pathway 
(Wang et al., 2010). With respect to PI3K/AKT pathway 
for example, the PI3K inhibitors LY294002 and 
Wortmanin, could eliminate the expression of FoxM1 in 
osteosarcoma and prostate cancer via PI3K/AKT pathway 
(Wang et al., 2010). As in NF-κB pathway, inhibition of 
NF-κB by IκBα repressor in the MEFs could abrogate 
both the IKKβ-mediated induction of NF-κB targets and 
repression of the FoxM1 targets (Penzo et al., 2009). 
In EGFR pathway, a significant correlation was found 
in breast cancer, that FoxM1 expression was correlated 
with HER2, one of the most important members of 
EGFR family. HER2 regulates the FoxM1 expression at 
both mRNA and protein levels (Francis et al., 2009). Ma 

et al. found that Raf/MEK/MAPK is necessary for the 
nuclear translocation of FoxM1. The activation of the 
Raf/MEK/MAPK pathway enhances the transactivation 
of FoxM1 on the cyclin B1 promoter, while blocking the 
MAPK pathway could diminish FoxM1 transcription, 
indicating the cross-talks between Raf/MEK/MAPK 
and FoxM1 in human malignancies (Major et al., 2004). 
As in ERK pathway, FoxM1 degrades of the DUSP1 
through transcriptional activation of CKS1 and SKP2, 
thus sustaining ERK activity in human HCC (Calvisi et al., 
2009). In Sonic hedgehog pathway, FoxM1 was found at 
the downstream of Gli1 and Sonic hedgehog pathway, that 
FoxM1 expression was closely correlated with the Sonic 
hedge expression, suggesting the cross-talks between 
FoxM1 and Sonic hedgehog pathway via Gli1 in basal 
cell carcinoma, lung cancer and colorectal cancer (Douard 
et al., 2006; Gialmanidis et al., 2009). Some studies also 
reported that FoxM1 could regulate the COX2 expression 
directly or indirectly, indicating the involvement in the 
COX2 pathway (Wang et al., 2008). Recently, Gartel et 
al. (2009) reported that FoxM1 might be a general target 
of proteasome inhibitors such as MG115, MG132 and 
lactacystin, suggesting the important roles of FoxM1 in 
the proteasome pathway (Bhat et al., 2009). 

Besides the various pathways discussed above, there 
were also close relationship between FoxM1 and lots of 
significant molecules involved in carcinogenesis, such 
as estrogen receptor, MMP, ROS, VEGF, c-Myc, Hif-1, 
and so on (Wang et al., 2010). Therefore, we conclude 
that FoxM1 plays important roles in the pathogenesis 
and progression of cancer by crosstalking with multiple 
cell signaling pathways and key molecules involved in 
carcinogenesis, revealing its potential application in the 
anticancer treatment. 

Anticancer Drugs Targeting Foxm1 and Drug 
Resistance

Cancer can be defined as a disease in which a group of 
abnormal cells grow uncontrollably by disregarding the 
normal rules of cell division (Topcul and Cetin, 2014). 

Figure 1. Forest Plots Representing Hazard Ratios of Prognosis in Cancer Patients Associated with FoxM1 
expression. A) pool analysis of FoxM1 expression on overall survival in different tumors; B) Pool Analysis of FoxM1 expression 
on tumor free survival in different tumors
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Conventional chemotherapy is used to treat cancer patients 
by stoping cancer cells from multiplying and spreading. 
However, although chemotherapy drugs are particularly 
toxic to cancer cells, they also damage healthy cells 
(Ray-Coquard et al., 2001). These side effects sometimes 
prevent patients from taking enough doses to inhibit 
cancer. Thus, specific targeted cancer therapies have been 
developed to avoid the unspecific toxicity, reducing the 
risk of damaging healthy tissue. 

FoxM1, which has attracted much attention as 
a potential target for the prevention and therapeutic 
intervention in human cancers, was widely evaluated in 
the clinical study in this respect. Many anticancer drugs 
targeting or inhibiting FoxM1, directly or indirectly, were 
thus developed, including Bicins (daunorubicin), Platins 
(cisplatin), Tinibs (lapatinib), TMZ, 5-FU, herceptin, 
tamoxifen, proteasome inhibitors, and so on, which 
highlighted the potential clinical application of FoxM1 
study in the near future (Table 3) (Wierstra, 2013a; 2013b). 
Most of these drugs repress the FoxM1 promoter directly, 
inhibiting FoxM1 expression in a dose-dependent manner. 
For example recently, a high through-put screen identified 
a thiazole compound Siomycin A as potential FoxM1 
inhibitors (Radhakrishnan et al., 2006). Subsequent studies 
revealed that cancer cells treated by Siomycin A would 
have a decrease in FoxM1 transcriptional activity, leading 
to a reduction in FoxM1 target genes such as Cdc25B, 
Survivin and CENPB (Radhakrishnan et al., 2006). What’s 
more, recently, close relationship between miRNA and 
FoxM1 were demonstrated. Zhang et al. (2012) reported 
that miR-370 significantly targeted FoxM1 in acute 
myeloid leukemia, revealing another possible way of 
inhibiting FoxM1expression in clinic in the near future 
(Zhang et al., 2012). 

One major challenge in targeted cancer therapy is 
drug resistance, since long-term drug treatment ultimately 
selects the worst tumor cells to survive and proliferate. 
Therefore, it is in urgent need to figure out strategies to 
overcome this resistance, perhaps via regulating some 
important molecules involved in drug resistance. Thus, 
the implication of FoxM1 in tumorigenesis makes it an 
attractive target for alleviating drug resistance.

Series studies have therefore focused on the roles of 
FoxM1 in regulating drug resistance in chemotherapy. In 
breast cancer for instance, which is the most widely used 
tumor type for drug resistance, FoxM1 is down-regulated 
in the sensitive cells but is maintained or induced in 
the resistant cells (Kwok et al., 2010). In these drugs, 
cisplatin, a very potent agent forming the platinum-
adducts on genomic DNA, resulted in DNA damage 
and cell death. In MCF-7 cell line, cisplatin treatment 
activates DNA repair in the resistant MCF-7-CISR, but 
not in MCF-7 cells. The expression of active FoxM1 in 
cisplatin sensitive MCF-7 cells also confers resistance, 
whereas silencing of FoxM1 can resensitise the cells to 
drugs (Kwok et al., 2010). Similar studies were conducted 
in a series of different human malignancies, and specific 
drugs targeting FoxM1 or assoicated with FoxM1-related 
drug resistance were summarised and listed in Table 3. 
In general, these drugs caused significant apoptosis in 
cancer cells, while depletion of FoxM1 augmented the 

drug-induced apoptosis, as represented by caspase-3, 
caspase-8, and so on. Such data strongly implied that 
FoxM1 can promote resistance through enhancing DNA 
damage repair. Therefore targeting FoxM1 is promising 
in circumventing acquired drug resistance.

Highlights and Perspectives 

In general, FoxM1 is involved in several cellular 
processes crucial to tumorigenesis. Preliminary clinical 
studies have indicated the predictive roles of FoxM1 on 
the prognosis of cancer patients. Multivariate analysis 
revealed that higher expression level of FoxM1 were 
correlated with the poorer prognosis of patients in a 
series of malignancies. The unique role of FoxM1 in the 
tumorigenesis of certain tissues offers exciting prospects 
for cancer-tissue-specific therapeutic initiatives (Myatt 
and Lam, 2007). The tissue-specific role of FoxM1 raises 
the possibility that anti-FoxM1 therapeutic strategies 
may have lower toxicity in normal tissues that display 
compensatory mechanisms compared with malignant 
cells. 

FoxM1-targeted drugs are able to induce apoptosis and 
cell death as single agent in a broad spectrum of tumor cell 
lines and in vivo xenograft models. They were also shown 
of the ability to overcome drug resistance and to synergize 
with a number of conventional therapies. Although pre-
clinical studies of FoxM1 have shown the highlights in 
the future clinical study, additional investigations are still 
anticipated to dig into the tumorigenesis role of FoxM1 
in various malignancies, and the possibility of FoxM1 
to work best as a component of combination therapy. 
Furthermore, in-depth in vivo animal experiments, and 
novel clinical trials are also needed to fully appreciate the 
effects of FoxM1 targeting therapies.

Acknowledgements 

This research was supported by the national natural 
science foundation of China, No. 81402022 and No. 
81472247. We declare that there is no potential conflict 
of interest in this article. 

References

Ahmed M, Uddin S, Hussain AR, et al (2012). FoxM1 and its 
association with matrix metalloproteinases (MMP) signaling 
pathway in papillary thyroid carcinoma. J Clin Endocrinol 
Metab, 97, 1-13.

Bektas N, Haaf A, Veeck J, et al (2008). Tight correlation 
between expression of the Forkhead transcription factor 
FOXM1 and HER2 in human breast cancer. BMC Cancer, 
8, 42.

Bellelli R, Castellone MD, Garcia-Rostan G, et al (2012). 
FOXM1 is a molecular determinant of the mitogenic and 
invasive phenotype of anaplastic thyroid carcinoma. Endocr 
Relat Cancer, 19, 695-710.

Bhat UG, Halasi M, Gartel AL (2009). FoxM1 is a general target 
for proteasome inhibitors. PLoS One, 4, 6593.

Calvisi DF, Pinna F, Ladu S, et al (2009). Forkhead box M1B is 
a determinant of rat susceptibility to hepatocarcinogenesis 
and sustains ERK activity in human HCC. Gut, 58, 679-87.



Xin-Sen Xu et al

Asian Pacific Journal of Cancer Prevention, Vol 16, 201528

0

25.0

50.0

75.0

100.0

N
ew

ly
 d

ia
gn

os
ed

 w
ith

ou
t 

tr
ea

tm
en

t 

N
ew

ly
 d

ia
gn

os
ed

 w
ith

 t
re

at
m

en
t 

Pe
rs

is
te

nc
e 

or
 r

ec
ur

re
nc

e

Re
m

is
si

on

N
on

e

Ch
em

ot
he

ra
py

Ra
di

ot
he

ra
py

Co
nc

ur
re

nt
 c

he
m

or
ad

ia
tio

n

10.3

0

12.8

30.025.0

20.310.16.3

51.7

75.0
51.1

30.031.3
54.2

46.856.3

27.625.0
33.130.031.3

23.7
38.0

31.3

0

25.0

50.0

75.0

100.0

N
ew

ly
 d

ia
gn

os
ed

 w
ith

ou
t 

tr
ea

tm
en

t 

N
ew

ly
 d

ia
gn

os
ed

 w
ith

 t
re

at
m

en
t 

Pe
rs

is
te

nc
e 

or
 r

ec
ur

re
nc

e

Re
m

is
si

on

N
on

e

Ch
em

ot
he

ra
py

Ra
di

ot
he

ra
py

Co
nc

ur
re

nt
 c

he
m

or
ad

ia
tio

n

10.3

0

12.8

30.025.0

20.310.16.3

51.7

75.0
51.1

30.031.3
54.2

46.856.3

27.625.0
33.130.031.3

23.7
38.0

31.3

0

25.0

50.0

75.0

100.0

N
ew

ly
 d

ia
gn

os
ed

 w
ith

ou
t 

tr
ea

tm
en

t 

N
ew

ly
 d

ia
gn

os
ed

 w
ith

 t
re

at
m

en
t 

Pe
rs

is
te

nc
e 

or
 r

ec
ur

re
nc

e

Re
m

is
si

on

N
on

e

Ch
em

ot
he

ra
py

Ra
di

ot
he

ra
py

Co
nc

ur
re

nt
 c

he
m

or
ad

ia
tio

n

10.3

0

12.8

30.025.0

20.310.16.3

51.7

75.0
51.1

30.031.3
54.2

46.856.3

27.625.0
33.130.031.3

23.7
38.0

31.3

Chan DW, Yu SY, Chiu PM, et al (2008). Over-expression of 
FOXM1 transcription factor is associated with cervical 
cancer progression and pathogenesis. J Pathol, 215, 245-52.

Chu XY, Zhu ZM, Chen LB, et al (2012). FOXM1 expression 
correlates with tumor invasion and a poor prognosis of 
colorectal cancer. Acta Histochem, 114, 755-62.

Dang Y, Wang YC, Huang QJ (2014). Microarray and next-
generation sequencing to analyse gastric cancer. Asian Pac 
J Cancer Prev, 15, 8033-9.

Douard R, Moutereau S, Pernet P, et al (2006). Sonic hedgehog-
dependent proliferation in a series of patients with colorectal 
cancer. Surgery, 139, 665-70.

Francis RE, Myatt SS, Krol J, et al (2009). FoxM1 is a 
downstream target and marker of HER2 overexpression in 
breast cancer. Int J Oncol, 35, 57-68.

Gialmanidis IP, Bravou V, Amanetopoulou SG, et al (2009). 
Overexpression of hedgehog pathway molecules and 
FOXM1 in non-small cell lung carcinomas. Lung Cancer, 
66, 64-74.

He SY, Shen HW, Xu L, et al (2012). FOXM1 promotes tumor 
cell invasion and correlates with poor prognosis in early-
stage cervical cancer. Gynecol Oncol, 127, 601-10.

Hui MK, Chan KW, Luk JM, et al (2012). Cytoplasmic forkhead 
box M1 (FoxM1) in esophageal squamous cell carcinoma 
significantly correlates with pathological disease stage. 
World J Surg, 36, 90-7.

Jiang LZ, Wang P, Deng B, et al (2011). Overexpression of 
forkhead Box M1 transcription factor and nuclear factor-
kappaB in laryngeal squamous cell carcinoma: a potential 
indicator for poor prognosis. Hum Pathol, 42, 1185-93.

Kalinichenko VV, Gusarova GA, Tan Y, et al (2003). Ubiquitous 
expression of the forkhead box M1B transgene accelerates 
proliferation of distinct pulmonary cell types following lung 
injury. J Biol Chem, 278, 37888-94.

Kim IM, Ackerson T, Ramakrishna S, et al (2006). The forkhead 
Box m1 transcription factor stimulates the proliferation of 
tumor cells during development of lung cancer. Cancer Res, 
66, 2153-61.

Koo CY, Muir KW, Lam EW (2012). FOXM1: From cancer 
initiation to progression and treatment. Biochim Biophys 
Acta, 1819, 28-37.

Korver W, Schilham MW, Moerer P, et al (1998). Uncoupling 
of S phase and mitosis in cardiomyocytes and hepatocytes 
lacking the winged-helix transcription factor Trident. Curr 
Biol, 8, 1327-30.

Kwok JM, Peck B, Monteiro LJ, et al (2010). FOXM1 confers 
acquired cisplatin resistance in breast cancer cells. Mol 
Cancer Res, 8, 24-34.

Li D, Wei P, Peng Z, et al (2013a). The critical role of 
dysregulated FOXM1-PLAUR signaling in human colon 
cancer progression and metastasis. Clin Cancer Res, 19, 
62-72.

Li Q, Zhang N, Jia Z, et al (2009). Critical role and regulation 
of transcription factor FoxM1 in human gastric cancer 
angiogenesis and progression. Cancer Res, 69, 3501-9.

Li X, Qi W, Yao R, et al (2013b). Overexpressed transcription 
factor FOXM1 is a potential diagnostic and adverse 
prognostic factor in postoperational gastric cancer patients. 
Clin Transl Oncol, 16, 307-14.

Lin M, Guo LM, Liu H, et al (2010). Nuclear accumulation 
of glioma-associated oncogene 2 protein and enhanced 
expression of forkhead-box transcription factor M1 protein 
in human hepatocellular carcinoma. Histol Histopathol, 
25, 1269-75.

Llaurado M, Majem B, Castellvi J, et al (2012). Analysis of gene 
expression regulated by the ETV5 transcription factor in 
OV90 ovarian cancer cells identifies FOXM1 overexpression 

in ovarian cancer. Mol Cancer Res, 10, 914-24.
Lok GT, Chan DW, Liu VW, et al (2011). Aberrant activation of 

ERK/FOXM1 signaling cascade triggers the cell migration/
invasion in ovarian cancer cells. PLoS One, 6, 23790.

Major ML, Lepe R, Costa RH (2004). Forkhead box M1B 
transcriptional activity requires binding of Cdk-cyclin 
complexes for phosphorylation-dependent recruitment of 
p300/CBP coactivators. Mol Cell Biol, 24, 2649-61.

Myatt SS, Lam EW (2007). The emerging roles of forkhead box 
(Fox) proteins in cancer. Nat Rev Cancer, 7, 847-59.

Newick K, Cunniff B, Preston K, et al (2012). Peroxiredoxin 
3 is a redox-dependent target of thiostrepton in malignant 
mesothelioma cells. PLoS One, 7, 39404.

Okabe H, Satoh S, Kato T, et al (2001). Genome-wide analysis 
of gene expression in human hepatocellular carcinomas 
using cDNA microarray: identification of genes involved 
in viral carcinogenesis and tumor progression. Cancer Res, 
61, 2129-37.

Okada K, Fujiwara Y, Takahashi T, et al (2013). Overexpression 
of forkhead box M1 transcription factor (FOXM1) is a 
potential prognostic marker and enhances chemoresistance 
for docetaxel in gastric cancer. Ann Surg Oncol, 20, 1035-43.

Parmar MK, Torri V, Stewart L (1998). Extracting summary 
statistics to perform meta-analyses of the published literature 
for survival endpoints. Stat Med, 17, 2815-34.

Penzo M, Massa PE, Olivotto E, et al (2009). Sustained NF-
kappaB activation produces a short-term cell proliferation 
block in conjunction with repressing effectors of cell cycle 
progression controlled by E2F or FoxM1. J Cell Physiol, 
218, 215-27.

Pignot G, Vieillefond A, Vacher S, et al (2012). Hedgehog 
pathway activation in human transitional cell carcinoma of 
the bladder. Br J Cancer, 106, 1177-86.

Priller M, Poschl J, Abrao L, et al (2011). Expression of FoxM1 
is required for the proliferation of medulloblastoma cells 
and indicates worse survival of patients. Clin Cancer Res, 
17, 6791-801.

Qu K, Xu X, Liu C, et al (2013). Negative regulation of 
transcription factor FoxM1 by p53 enhances oxaliplatin-
induced senescence in hepatocellular carcinoma. Cancer 
Lett, 331, 105-14.

Radhakrishnan SK, Bhat UG, Hughes DE, et al (2006). 
Identification of a chemical inhibitor of the oncogenic 
transcription factor forkhead box M1. Cancer Res, 66, 
9731-5.

Ray-Coquard I, Ghesquiere H, Bachelot T, et al (2001). 
Identification of patients at risk for early death after 
conventional chemotherapy in solid tumours and lymphomas. 
Br J Cancer, 85, 816-22.

Sun H, Teng M, Liu J, et al (2011a). FOXM1 expression predicts 
the prognosis in hepatocellular carcinoma patients after 
orthotopic liver transplantation combined with the Milan 
criteria. Cancer Lett, 306, 214-22.

Sun HC, Li M, Lu JL, et al (2011b). Overexpression of forkhead 
box M1 protein associates with aggressive tumor features 
and poor prognosis of hepatocellular carcinoma. Oncol 
Rep, 25, 1533-9.

Takahashi K, Furukawa C, Takano A, et al (2006). The 
neuromedin U-growth hormone secretagogue receptor 1b/
neurotensin receptor 1 oncogenic signaling pathway as a 
therapeutic target for lung cancer. Cancer Res, 66, 9408-19.

Topcul M, Cetin I (2014). Endpoint of cancer treatment: targeted 
therapies. Asian Pac J Cancer Prev, 15, 4395-403.

Uddin S, Ahmed M, Hussain A, et al (2011). Genome-wide 
expression analysis of Middle Eastern colorectal cancer 
reveals FOXM1 as a novel target for cancer therapy. Am J 
Pathol, 178, 537-47.



Asian Pacific Journal of Cancer Prevention, Vol 16, 2015 29

DOI:http://dx.doi.org/10.7314/APJCP.2015.16.1.23
FoxM1 as a Novel Therapeutic Target for Cancer Drug Therapy

Uddin S, Hussain AR, Ahmed M, et al (2012). Overexpression of 
FoxM1 offers a promising therapeutic target in diffuse large 
B-cell lymphoma. Haematologica, 97, 1092-100.

Wang IC, Meliton L, Tretiakova M, et al (2008). Transgenic 
expression of the forkhead box M1 transcription factor 
induces formation of lung tumors. Oncogene, 27, 4137-49.

Wang R, Song Y, Xu X, et al (2013a). The expression of 
Nek7, FoxM1, and Plk1 in gallbladder cancer and their 
relationships to clinicopathologic features and survival. Clin 
Transl Oncol, 15, 626-32.

Wang Y, Wen L, Zhao SH, et al (2013b). FoxM1 expression is 
significantly associated with cisplatin-based chemotherapy 
resistance and poor prognosis in advanced non-small cell 
lung cancer patients. Lung Cancer, 79, 173-9.

Wang Z, Ahmad A, Li Y, et al (2010). Forkhead box M1 
transcription factor: a novel target for cancer therapy. Cancer 
Treat Rev, 36, 151-6.

Wierstra I (2013a). FOXM1 (Forkhead box M1) in 
tumorigenesis: overexpression in human cancer, implication 
in tumorigenesis, oncogenic functions, tumor-suppressive 
properties, and target of anticancer therapy. Adv Cancer 
Res, 119, 191-419.

Wierstra I (2013b). The transcription factor FOXM1 (Forkhead 
box M1): proliferation-specific expression, transcription 
factor function, target genes, mouse models, and normal 
biological roles. Adv Cancer Res, 118, 97-398.

Wu QF, Liu C, Tai MH, et al (2010). Knockdown of FoxM1 by 
siRNA interference decreases cell proliferation, induces cell 
cycle arrest and inhibits cell invasion in MHCC-97H cells 
in vitro. Acta Pharmacol Sin, 31, 361-6.

Wu XR, Chen YH, Liu DM, et al (2013). Increased expression of 
forkhead box M1 protein is associated with poor prognosis 
in clear cell renal cell carcinoma. Med Oncol, 30, 346.

Xia JT, Wang H, Liang LJ, et al (2012a). Overexpression 
of FOXM1 is associated with poor prognosis and 
clinicopathologic stage of pancreatic ductal adenocarcinoma. 
Pancreas, 41, 629-35.

Xia L, Huang W, Tian D, et al (2012b). Upregulated FoxM1 
expression induced by hepatitis B virus X protein promotes 
tumor metastasis and indicates poor prognosis in hepatitis 
B virus-related hepatocellular carcinoma. J Hepatol, 57, 
600-12.

Xu N, Jia D, Chen W, et al (2013). FoxM1 is associated with 
poor prognosis of non-small cell lung cancer patients through 
promoting tumor metastasis. PLoS One, 8, 59412.

Xu N, Wu SD, Wang H, et al (2012). Involvement of FoxM1 in 
non-small cell lung cancer recurrence. Asian Pac J Cancer 
Prev, 13, 4739-43.

Xue YJ, Xiao RH, Long DZ, et al (2012). Overexpression of 
FoxM1 is associated with tumor progression in patients 
with clear cell renal cell carcinoma. J Transl Med, 10, 200.

Yang DK, Son CH, Lee SK, et al (2009). Forkhead box 
M1 expression in pulmonary squamous cell carcinoma: 
correlation with clinicopathologic features and its prognostic 
significance. Hum Pathol, 40, 464-70.

Yu J, Deshmukh H, Payton JE, et al (2011). Array-based 
comparative genomic hybridization identifies CDK4 and 
FOXM1 alterations as independent predictors of survival 
in malignant peripheral nerve sheath tumor. Clin Cancer 
Res, 17, 1924-34.

Zeng J, Wang L, Li Q, et al (2009). FoxM1 is up-regulated in 
gastric cancer and its inhibition leads to cellular senescence, 
partially dependent on p27 kip1. J Pathol, 218, 419-27.

Zhang X, Zeng J, Zhou M, et al (2012). The tumor suppressive 
role of miRNA-370 by targeting FoxM1 in acute myeloid 
leukemia. Mol Cancer, 11, 56.


