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Abstract: Purpose: In the present study, we examined both FOXM1 mRNA and protein expression by Real-time quanti-
tative PCR (gRT-PCR) and Western blot and investigate the expression of the human FOXM1 by Immunohistochemistry
(IHC), and identify their potential roles in prognosis for patients with osteosarcoma. Methods: FOXM1 mRNA and
protein expression levels were detected by RT-PCR and Western blot assays, respectively. Then, IHC was performed
to analyze the association of FOXM1 expression in 83 osteosarcoma tissues with clinicopathological factors and
survival of patients. Results: The expression levels of FOXM1 mRNA were found to be significantly increased in os-
teosarcoma tissues compared to noncancerous bone tissues (P = 0.0313). Simultaneously, western blot analysis
showed that the protein level of FOXM1 in osteosarcoma tissues was significantly higher than that in noncancerous
bone tissues. Kaplan-Meier analysis with the log-rank test indicated that high FOXM1 expression had a significant
impact on overall survival (P = 0.0001). Conclusions: Our data showed that FoxM1 was upregulated in osteosar-
coma tissues, and high expression of FoxM1 was correlated with a poor prognosis of patients with osteosarcoma.
FoxM1 may function as a valuable prognostic biomarker for osteosarcoma.
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Introduction

Osteosarcoma is the most frequently occurring
primary malignant tumor of bone arising from
primitive bone-forming mesenchymal cells and
a leading cause of cancer-related death in
young adults and adolescents, accounting for
20-35% of all malignant bone tumors, and
60% of pediatric malignant bone tumors [1, 2].
Osteosarcoma predominately arises in bone
during periods of rapid growth and has a predi-
lection to affect adolescents and young adults,
and if untreated it is fatal [3]. Although consid-
erable advances in therapeutic strategies,
including wide tumour excision, adjuvant che-
motherapy and radiotherapy have significantly
increased the survival rate of the patients with
osteosarcoma to 65-75%, the survival of the
osteosarcoma patients with lung metastasis
and advanced clinical stage is quite poor [4].
Although clinical stage, tumor size, and metas-
tasis have been utilized as useful prognostic
factors for the patients with osteosarcoma, the
sensitivity and specificity is low [5]. To improve

the prognosis of the patients with osteosarco-
ma, it is particularly necessary to develop and
indentify the novel key biomarkers for treat-
ments of the patients with osteosarcoma.

Forkhead box protein M1 (FoxM1) belongs to
the forkhead box (Fox) family of transcription
factors. Fox family shares a highly conserved
100-aa DNA binding domain (the forkhead box)
and comprises more than 100 members in
humans, classified as FOXA to FOXR on the
basis of sequence similarity [6]. Previous stud-
ies have shown that FOXM1, activated by the
Ras-MAPK and hedgehog signaling pathway,
played an important role in cell cycle by promot-
ing both the transition from G1 to S phase
and progression to mitosis through genes of
Cdc25B, CDK1 and p27%P [7-10]. FOXM1 has
been reported to be over-expressed and play an
essential role in development and progression
in various malignancies, including lung, liver
and breast cancer [11-15]. Until now, there have
been no reports about FOXM1 in osteosarcoma
and the role of FOXM1 in osteosarcoma is still
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Table 1. Association of FOXM1 expression with clinicopathologi-

cal features of the patients with osteosarcoma

ological characteristics of all
patients were detailed in Table

- 1.
Characteristics No.of - FOXM1 expression P value
cases High(n=41) Low(n=42) Quantitative real-time RT-PCR
Age (QRT-PCR)
<45 35 18 17 0.53
> 45 418 23 25 Total RNA was isolated tissue
Gender using TRIZOL reagent according
Male 59 31 o8 0.41 to tlhe manufacturer’s protocol
Female o 10 14 (Inwtrogen). RNA was rever§e
) ) transcribed using SuperScript
Anatomical location First Strand cDNA System (Invi-
Tibia/femur 62 30 32 0.79 trogen) according to the manu-
Elsewhere 21 11 10 facturer’s instructions. The pri-
Tumor size (cm) mer sequences for PCR amplifi-
<8 41 14 27 0.04 cation were as follows: FOXM1
>8 42 27 15 sense 5-TAT TCA CAG CAT CAT
Clinical stage CAC AGC A-3' and antisense
5-GAA GGC TCC TCA ACC TTA
Vi 54 21 33 0.003 ACC T-3; GAPDH sense 5-ACC
i 29 20 9 ACA GTC CTG CAT GCC AC-3’
Pathological facture and antisense 5-TCC ACC ACC
Present 9 6 3 0.01 CTG TTG CTG TA-3. The PCR
Absent 74 35 39 amplification were performed
Distant metastasis for 40 cycles of 94°C for 30 s,
Present 15 12 3 <0.001 60°C for 30 s, and.72°C for
Absent 68 59 39 30 s, on a Applied Biosystems

unknown. In the present study, we examined
both FOXM1 mRNA and protein expression by
Real-time quantitative PCR (qRT-PCR) and
Western blot and investigate the expression of
the human FOXM1 by Immunohistochemistry
(IHC), and identify their potential roles in prog-
nosis for patients with osteosarcoma.

Materials and methods
Patients and tissue samples

A total of 83 patients who underwent surgery at
Yantai Yuhuangding Hospital during June 2008
to August 2013 were selected in this research.
The study was approved by the ethics commit-
tee of Yantai Yuhuangding Hospital. Written
informed consent was obtained from all partici-
pants. All specimens were handled and made
anonymous according to the ethical and legal
standards. A total of 83 osteosarcoma tissue
samples and corresponding noncancerous
bone tissue samples from the same specimens
were collected from the Department of Path-
ology, Yantai Yuhuangding Hospital. Clinicopath-
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7900HT (Applied Biosystems)
with 1.0 pl of cDNA and SYBR
Green Real-time PCR Master Mix (Takara). Data
was collected and analyzed by SDS2.3 Software
(Applied Biosystems). The expression level of
each candidate gene was internally normaliz-
ed against that of the GAPDH. The relative
quantitative value was expressed by the 2244t
method.

Western blot assay

Total proteins from tissues were lysed in lysis
buffer containing protease inhibitor. Protein
concentration was determined using a Bio-Rad
protein assay system (Bio-Rad). Equivalent
amounts of proteins were separated by SDS-
PAGE, and then transferred to polyvinylidene
difluoride membranes (Bio-Rad). After being
blocked in Tris buffered saline (TBS) containing
5% non-fat milk, the membranes were incubat-
ed with specific primary antibodies (Abcam) at
4°C for 12 hours and then with horseradish
peroxidase conjugated anti-Rabbit antibody for
2 hours at room temperature. ECL detection
reagent (Amersham LifeScience, Piscataway,
NJ) was used to demonstrate the results.
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Figure 1. The expression of FOXM1 mRNA in the hu-
man osteosarcoma tissue and the corresponding
noncancerous bone tissues. The expression levels
of FOXM1 mRNA were found to be significantly in-
creased in osteosarcoma tissues compared to non-
cancerous bone tissues (P = 0.0313).
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Figure 2. The expression of FOXM1 protein in the
human osteosarcoma tissue and the corresponding
noncancerous bone tissues. Western blot analysis
showed that the protein level of FOXM1 in osteosar-
coma tissues was significantly higher than that in
noncancerous bone tissues.

Immunohistochemistry

The expression of FOXM1 was detected throu-
gh immunohistochemistry (IHC) analyses with
4-um-thick sections of formalin-fixed and paraf-
fin-embedded blocks. For IHC staining, tissue
sections were dewaxed in xylene and rehydrat-
ed gradually with graded ethanol. For antigen
retrieval, all the sections were incubated by
microwave oven in citrate buffer solution (pH
6.0) for 20 minutes. Endogenous peroxidase
was inactivated by 0.3% hydrogen peroxide in
methanol for 15 min. After that, tissue slides
were incubated with rabbit polyclonal antibody
against human FOXM1 (dilution 1:100, Epito-
mics, US) at 4°C overnight and then visualized
antibody binding sites with the SP peroxidase
detection system. Finally, sections were incu-
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bated in 3,3’-diaminobenzidine tetrahydrochlo-
ride for 3-10 minutes and re-stained with 0.1%
hematoxylin. In every case, negative control
reaction was set with PBS replacing FOXM1
antibody, while the known positive-stained sec-
tion was used as positive control. The results of
IHC were evaluated by two pathologists inde-
pendently with no knowledge of clinic-patholog-
ical features. The results of immunostaining
were evaluated and scored semi-quantitatively
by two pathologists who were blinded to the
patients’ clinical data. The evaluation of the
immunostaining results was based on a double
scoring system (staining intensity multiplied by
staining area). Staining intensity was scored as
0 for no staining, 1 for definite but weak stain-
ing, 2 for moderate staining and 3 for strong
staining. The staining area was scored as 1 for
staining of < 35%, 2 for 35-75%, and 3 for >
75% of the tumor cells. High expression of
FOXM1 was defined as an immunostaining
score of > 4, whereas low expression of FOXM1
was defined as a score of < 4.

Statistical analysis

Statistical analysis was conducted using the
Statistical Package for the Social Sciences
13.0 for Windows (SPSS Inc., Chicago, IL, USA).
The chi-square test was used to assess FOXM1
expression with respect to clinicopathological
parameters. The survival curves of the patients
were determined using the Kaplan-Meier meth-
od and Cox regression, and the log-rank test
was used for statistical evaluations. Data were
expressed as the mean and standard deviation
and analyzed using one-way analysis of vari-
ance. P < 0.05 was considered to indicate a
significant difference.

Results

Expression of FOXM1 in osteosarcoma tissues
and corresponding noncancerous bone tissues

The expression levels of FOXM1 mRNA were
found to be significantly increased in osteosar-
coma tissues compared to noncancerous bone
tissues (P = 0.0313, Figure 1).

Simultaneously, western blot analysis showed
that the protein level of FOXM1 in osteosarco-
ma tissues was significantly higher than that
in noncancerous bone tissues (Figure 2). IHC
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Figure 3. Immunostaining of FOXM1 protein in osteosarcoma tissue samples. Osteosarcoma tissues showed varied
stainability for FOXM1 (A: Positive expression; B: Negative expression).

Table 2. Cox regression model for multivariate analysis of prognostic
factors for osteosarcoma

Overall survival

Variable

HR 95% CI P-value
Age (=45 vs. < 45) 1.191 0.921-5.228 0.411
Gender (male vs. female) 1.006 0.273-6.159 0.523
Anatomical location (tibia/femur vs. elsewhere) 0.812 0.235-3.996 0.114
Tumor size (> 8 vs. < 8) 2.334 0.734-3.991 0.091
Clinical stage (Ill vs. I/11) 6.782 4.009-7.994 0.002
Pathological facture (present vs. absent) 3.127 0.998-7.119 0.062
Distant metastasis (present vs. absent) 6.119 0.987-8.991 0.053
FOXM1 expression (high vs. low) 5.991 4.286-6.541 0.001

Prognostic significance
of FOXM1 expression in
survival of patients with
osteosarcoma

In the present study, 5
patients were lost to fol-
low-up and were excluded
from the survival analy-
ses. The remaining 78
patients with adequate
follow-up data were fol-
lowed for 11-69 months.

HR = Hazard ratio; Cl = confidence interval.

showed that the FOXM1 protein was mainly
expressed in the cytoplasm of malignant cells
(shown in Figure 3). The samples were divided
into two expression groups as described previ-
ously. FOXM1 was highly expressed in 41 of the
83 (49.4%) patients with osteosarcoma.

Association between FOXM1 expression and
clinicopathologic parameters

To evaluate the significance of FOXM1 expres-
sion in osteosarcoma, we investigated the rela-
tionship between FOXM1 immunostaining and
clinicopathologic features (shown in Table 1).
Overall, there was no significant relationship
between FOXM1 expression and gender (P =
0.53), age (P = 0.41), or anatomical location (P
= 0.79). However, significant correlations were
found between FOXM1 expression and tumor
size (P =0.04), clinical stage (P = 0.003), patho-
logical facture (P = 0.01), and distant metasta-
sis (P < 0.001).
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Multivariate analysis re-
vealed that FOXM1 exp-
ression and clinical stage
were independently associated with the overall
survival (HR =5.991, 95% Cl: 4.286-6.541; P =
0.001; HR = 6.782, 95% Cl: 4.009-7.994; P =
0.002; respectively, shown in Table 2). Kaplan-
Meier analysis with the log-rank test indicated
that high FOXM1 expression had a significant
impact on overall survival (P = 0.0001; Figure
4).

Discussion

Forkhead transcription factor is a new family of
transcription factors, which was officially uni-
fied in 2000 [16]. FoxM1 transcription factor is
expressed in actively dividing cells and is criti-
cal for cell cycle progression. It was first identi-
fied as a proliferation-specific transcription fac-
tor, which is expressed in various tumor cell
lines and embryonic tissues. Previous work has
linked FoxM1 upregulation to a variety of can-
cers, including cancers of the liver, gastric,
prostate, brain, breast, lung, esophagus, colon,
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Figure 4. Kaplan-Meier survival analyses of patients
with osteosarcoma.

pancreas and nervous system, marking it as a
proto-oncogene. Genome-wide gene expres-
sion profiling of cancers has independently and
consistently identified FoxM1 as one of the
most commonly upregulated genes in human
solid tumor [17]. Importantly, its expression is
often correlated with poor prognosis and che-
motherapy resistance [18]. However, little is
known about its expression pattern and biologi-
cal significance in osteosarcoma. In the current
study, we showed that FoxM1 expression deter-
mined by real-time quantitative PCR and
Western blot was significantly higher in osteo-
sarcoma tissues compared to noncancerous
bone tissues. Immunohistochemical analysis
also confirmed that tumor tissues exhibited
abundant FoxM1 expression, in contrast to
noncancerous bone tissues which displayed
absence or lower FoxM1 expression. To investi-
gate whether FoxM1 expression might be asso-
ciated with the progression of osteosarcoma,
the FoxM1 expression levels and the clinico-
pathologic characteristics of 83 patients with
osteosarcoma were compared by immunohis-
tochemistry. We found that high FoxM1 expres-
sion is significantly correlated with tumor size,
clinical stage, pathological facture, and distant
metastasis, suggesting that its expression
might be important for the acquirement of
malignant potential in osteosarcoma. Further-
more, the results of Kaplan-Meier analyses
shown that osteosarcoma tissues with high
FoxM1 expression tend to have shorter overall
survival. Finally, the multivariate analysis dem-
onstrated that FoxM1 overexpression was a
statistically significant risk factor affecting
overall survival in osteosarcoma patients, sug-
gesting that FoxM1 expression could be a valu-
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able marker of tumor progression and progno-
sis of osteosarcoma. These findings are in
agreement with results from studies in other
human cancers overexpressing FoxM1.

To our knowledge, this is the first study to inves-
tigate the clinical significance of FoxM1 in
patients with osteosarcoma, however, the pre-
cise mechanism of FoxM1 in osteosarcoma
tumorigenesis and progression is still not
understood. In Liu D et al's study, FoxM1
expression was knocked down by small inter-
fering RNA (siRNA) in bladder cancer cells; and
proliferation, migration and invasion were
assayed. They found that down-regulation of
FoxM1 inhibited cell proliferation, migration
and invasion [19]. Interestingly, Li X et al found
that FOXM1 was revealed to alter microtubule
dynamics in response to the treatment of
docetaxel, and the drug resistance could be
reversed with FOXMZ1 inhibitor thiostrepton
treatment. Similar to their results, Millour J et al
found that FOXM1 was a key mediator of the
mitogenic functions of estrogen receptor alpha
and estrogen in breast cancer cells, and that
the deregulation of FOXM1 may contribute to
anti-estrogen insensitivity [14]. The precise
mechanism of FoxM1 in osteosarcoma tumori-
genesis and progression needs to be investi-
gated in future studies.

In conclusion, our data showed for the first time
that FoxM1 was upregulated in osteosarcoma
tissues, and that high expression of FoxM1 was
correlated with a poor prognosis of patients
with osteosarcoma. FoxM1 may function as a
valuable prognostic biomarker for osteosarco-
ma. The precise mechanism of FoxM1 in osteo-
sarcoma tumorigenesis and progression needs
to be investigated in future studies.
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