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Abstract. Forkhead box protein M1 (FOXM1) is an oncop-
rotein that is involved in cell proliferation, differentiation 
and aging, and overexpression of FOXM1 is thought to be 
associated with the development and progression of various 
types of cancer. The expression of FOXM1 was retrospectively 
examined in tumor tissues taken from 56 oral squamous cell 
carcinoma (OSCC) patients by immunohistochemical staining. 
All of these patients received docetaxel (Doc)‑containing regi-
mens as treatments against OSCC. The association between 
FOXM1 expression and the clinicopathological characteristics 
and prognosis of these patients was then examined. FOXM1 
was expressed in the nucleus and cytoplasm of OSCC tissues 
samples. There was a significant association between FOXM1 
expression in tumor tissues and N classification (P=0.0395), 
stage (P=0.004), therapeutic efficacy (P=0.0113) and outcome 
(P=0.0134) of patients. However, FOXM1 expression had 
no association with patients' sex, age or T classification. 
Additionally, high expression of FOXM1 in tumor cells 
was associated with a shorter overall survival (P=0.0257) 
of patients. Multivariate analysis also revealed that elevated 
expression of FOXM1 was a predictor of patients' poor survival 
(P=0.0327). The results suggested that high expression of 
FOXM1 in OSCC tumors may result in reduced therapeutic 
effects and poor clinical outcomes of patients receiving 
Doc‑based treatment regimens.

Introduction

Oral squamous cell carcinoma (OSCC) is the most common 
malignant tumor of the head and neck, which represents approxi-
mately 90% of all oral neoplasms affecting the oral cavity (1). 
OSCC is the 8th most common cancer worldwide in terms of 
occurrence, which is more prevalent (approximately 4%) in men 
than in women (2%) (2,3). An increased incidence and prevalence 
of OSCC has been reported particularly in developing countries 
in recent years. The annual occurrence rate of oral cancer is about 
300,000 worldwide (4‑6), with over 11,000 new cases each year in 
Japan (7). Despite recent advances in surgery and chemoradiation 
therapies, only 50% of the OSCC patients survive 5 years after 
the diagnosis (8,9). OSCC typically shows poor prognosis at the 
advanced stage of the disease; and probably due to the hetero-
geneous nature of the disease, it shows differential outcomes 
to the same treatment. Because early diagnosis is crucial for 
the successful treatment of OSCC, development of promising 
biomarkers is necessary for its detection at an early stage (7).

Some cancers can develop resistance to a particular chemo-
therapy that was effective initially. Although chemoresistance 
can be caused by multiple mechanisms, the markers involved 
in the chemoresistance‑related mechanisms can help to predict 
the response of OSCC to a certain chemotherapeutic agent. The 
efficacy of neoadjuvant chemotherapy (NAC) for OSCC remains 
to be elucidated, but it could be improved by the detection of 
the biomarkers related to chemoresistance. Many researchers 
have identified new molecular predictors and biomarkers that 
are useful for understanding the response of tumors to certain 
anticancer agents. The detection of thymidylate synthase (TS), 
dihydropyrimidine dehydrogenase (DPD), thymidine phos-
phorylase (TP) and orotate phosphoribosyltransferase (OPRT) 
as the predictive factors of the response to treatment with 5‑fluo-
rouracil (5‑FU) is one such example (10,11).

Docetaxel (Doc) or Taxotere (N‑debenzoyl‑N‑tart‑ 
butoxycarbonyl‑10‑deacetyl taxol) is a semi‑synthetic taxane 
developed from a non‑cytotoxic precursor of 10‑deacetyl 
baccatin III obtained from the needles of the European yew 
tree Taxus baccata L. Doc is an effective drug to combat cancer 
and is used as a first‑line treatment or as an adjuvant therapy 
for various cancers including OSCC (12). Doc showed a 22.2% 
response rate as a single‑agent therapy in advanced/recurrent 
head and neck cancer patients (13). Doc binds with microtubules, 
thereby interrupting their normal function during mitosis, which 
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eventually causes cell death. Chemotherapeutic agents with 
different mechanisms of antitumor activity (e.g., 5‑FU, cisplatin, 
etc.) than Doc are sometimes used with Doc as an effective 
combined chemotherapy against various types of cancers. We 
previously carried out a clinical trial of Doc and S‑1 combination 
therapy against OSCC (14). Moreover, we treated patients with 
locally advanced OSCC with Doc‑containing regimens as an 
NAC in our hospital, which showed promising results. Recently, 
we carried out a microarray analysis of Doc‑resistant OSCC 
cells established in our laboratory and identified a few genes 
potentially related to Doc resistance. One of those genes was 
Forkhead box protein M1 (FOXM1).

FOXM1, a member of the FOX family of transcription 
factors, is characterized by a 100‑amino acid winged‑helix 
DNA binding domain (15). FOXM1 is a human proto‑onco-
gene that plays a key role in cell cycle progression, mitosis, 
differentiation and aging  (16,17). Moreover, it has already 
been reported that overexpression of FOXM1 is related to 
the development and progression of various cancers, and it 
is often associated with a poor prognosis and poor outcome 
in patients  (18‑20). Furthermore, FOXM1 amplification is 
reported to be responsible for gefitinib‑resistance in non‑small 
cell lung cancer (NSCLC) and for acquired resistance of 
herceptin and paclitaxel in breast cancer (21,22). Therefore, 
FOXM1 may be closely associated with the resistance of 
cancers cells to various chemotherapeutic agents including 
Doc. Several studies have reported the association between 
Doc resistance and high expression of FOXM1 in different 
cancer types (20,23,24). However, the relationship between 
high expression of FOXM1 and Doc resistance in OSCC is 
still unknown. We have to clarify further whether FOXM1 
expression can be clinically used as a predictive factor for the 
response of OSCC patients to Doc‑containing chemotherapies.

In the present study, we tried to examine the potential value 
of FOXM1 as a prognostic factor for OSCC patients receiving 
a Doc‑containing chemotherapy.

Materials and methods

Patients and specimens. In the present study, we retrospec-
tively used tissue samples taken from a total of 56 patients with 
OSCC who visited Yamaguchi University Hospital between 
August 2004 and September 2012. Most of these patients were 
in stage II or III of OSCC and were not diagnosed with distant 
metastasis at the first visit to our hospital. All patients had a 
diagnosis of squamous cell carcinoma and had not been treated 
for OSCC previously. The clinicopathological characteristics 
of the patients are shown in Table I. All patients received Doc 
40‑50 mg/m2 by superselective intra‑arterial infusion on day 1 
and S‑1 65 mg/m2 or tegafur/uracil (UFT) 300‑400 mg/body 
on day 1‑14 (14 days). Surgical operation was carried out 
1‑2 weeks after the administration of the combination chemo-
therapy mentioned above. Tissue specimens were collected 
from all 56 patients by biopsy before they received any treat-
ment. We performed a surgical operation when the tumor 
was resectable. However, we selected this chemotherapy with 
Doc for the patients who had a hope of functional preserva-
tion (limited operation) or a refusal of extended surgery after 
discussion with patients. So, the potential for selection bias of 
patients is unavoidable. This study was conducted according to 

the ethical standards of the Institutional Review Board (IRB) 
of Yamaguchi University Hospital.

Immunohistochemical staining and evaluation. Tissue 
specimens were fixed in phosphate‑buffered 10% formalin, 
embedded in paraffin, and 4 µm‑thick tissue sections were 
prepared. These tissue sections were deparaffinized in xylene 
and rehydrated in graded ethanol (70‑100%). After washing 
with phosphate buffered saline (PBS), the sections were 
microwaved in an antigen retrieval solution and allowed to 
cool down gradually. After immersion of slides for 30 min 

Table I. Patient characteristics (n=56).

Characteristics	 No. of patients, n (%)

Sex	
  Male	 34 (60.7)
  Female 	 22 (39.3)
T classification	
  1	 6 (10.7)
  2	 29 (51.8)
  3	 13 (23.2)
  4	 8 (14.3)
N classification	 
  0	 46 (82.1)
  1	 5 (8.9)
  2	 4 (7.1)
  3	 1 (1.8)
Stage 	 
  I	 5 (8.9)
  II	 29 (51.8)
  III	 12 (21.4)
  IV	 10 (17.9)
Tumor differentiation	 
  Well	 38 (67.8)
  Moderately	 15 (26.8)
  Poorly	 (3) 5.4
Therapeutic effect
  CR	 11 (19.6)
  PR	 37 (66.1)
  SD	 8 (14.3)
Outcome	 
  Alive	 47 (83.9)
  Death	 9 (16.1)
FOXM1 expression in tumor cell 
cytoplasm	 
  Low 	 35 (62.5)
  High 	 21 (37.5)
Age (years)	 Median=67; 
	 Min‑max=30‑83 

FOXM1, Forkhead box protein M1; CR, complete response; PR, 
partial response; SD, stable disease.
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in methanol containing 0.3% H2O2 at room temperature, 
the sections were washed again in PBS. A Dako REAL™ 
Peroxidase‑Blocking Solution (S2023, Dako; Agilent 
Technologies GmbH, Waldbronn, Germany) was used for 
15 min as a blocking reagent to reduce nonspecific binding. 
Then the sections were incubated overnight at 4˚C with 
anti‑FOXM1 rabbit polyclonal antibody (1:250; ab137647, 
Abcam, Cambridge, UK). After washing in PBS, a secondary 
antibody solution (EnVision+ System HRP; Dako; Agilent 
Technologies GmbH) was applied for 60 min at room temper-
ature, and the sections were incubated with diaminobenzidine 
using a REAL™ EnVision™ Detection System kit (K5007, 
Dako; Agilent Technologies GmbH). After a tap‑water wash, 
the sections were lightly counterstained with hematoxylin 
(Muto Pure Chemicals, Tokyo, Japan), immersed in graded 
alcohol (70‑100%) and xylene and finally mounted and cover 
slipped. In the case of negative controls, the slides were incu-
bated without any FOXM1 antibody.

We evaluated FOXM1 expression as the mean percentage 
of positive tumor cells observed in at least five random 
fields of each section at x400 magnification. The intensity 
of the FOXM1‑immunoreaction was scored as follows: 

1+, weak; 2+, moderate; and 3+, intense. The final score or the 
FOXM1‑immunohistochemical staining score was calculated 
by multiplying the percentage of positive tumor cells with 
the staining intensity (25). High expression was defined as a 
score of ≥111.7 (the highest score for normal tissue including 
a dysplastic lesion), and low expression was defined as a score 
of <111.7. All the specimens were evaluated by three authors 
(KH, TF and YU), who had no knowledge of the patient's 
clinical status. The tissue samples were also stained with 
hematoxylin and eosin (Wako Pure Chemical Industries, Ltd., 
Osaka, Japan) for histological evaluation.

Statistical analysis. Fisher's exact test was used to estimate 
the associations between FOXM1 and different clinicopatho-
logical parameters of patients. The Kaplan‑Meier method was 
used to calculate overall survival (OS), and the log‑rank test 
was used to compare between different groups. Univariate and 
multivariate analyses were performed using the Cox propor-
tional hazards model. P<0.05 was considered to indicate a 
statistically significant difference. Statistical analyses were 
performed using the StatView software (version 5.0J; SAS 
Institute, Inc., Cary, NC, USA).

Table II. Associations between FOXM1 expression and clinicopathological factors in oral squamous cell carcinoma treated 
patients with a docetaxel‑containing regimen.

	 FOXM1 expression in tumor cells
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 Low expression, (n=35, 62.5%)	 High expression (n=21, 37.5%)	 Total (n=56)	 P‑value

Sex	 	 	 	    0.7614
  Male	 21	 13	 34	 
  Female	 14	 8	 22	 
Age (years)	 	 	 	    0.5307
  ≥65	 19	 14	 33	 
  <65	 16	 7	 23	 
T classification	 	 	 	    0.0539
  T1+T2	 25	 7	 32	 
  T3+T4	 10	 14	 24	 
N classification	 	 	 	    0.0395
  0	 30	 11	 41	 
  N1+N2+N3	 5	 10	 15	 
Stage	 	 	 	    0.0113
  I+II	 23	 4	 27	 
  III+IV	 12	 17	 29	 
Tumor differentiation	 	 	 	    0.0523
  Well	 27	 11	 38	 
  Moderately+Poorly	 8	 10	 18	 
Therapeutic efficacy	 	 	 	    0.004
  CR+PR	 34	 14	 48	 
  SD	 1	 7	 8	 
Outcome	 	 	 	    0.0134
  Alive	 34	 13	 47	
  Death	 1	 8	 9	

FOXM1, Forkhead box protein M1; CR, complete response; PR, partial response; SD, stable disease.
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Results

Patients and tumor characteristics. Table I summarizes the 
clinicopathological data of 56 OSCC patients who partici-
pated in this study. All of the patients were treated with a 
Doc‑containing regimen. The median follow‑up time was 
8.6 years, and the median age was 67 years (range 30‑83 years). 
Clinical stages I, II, III and IV were diagnosed in 5, 29, 12 and 
10 patients, respectively. All tissue specimens were collected 
before the primary treatment, and there were adequate histo-
logic materials available for immunohistochemical analysis of 
those patients.

FOXM1 expression in tumor cells and clinicopathological 
features. Table II summarized the association between the 
status of FOXM1 expression and the clinicopathological 
characteristics of the patients. FOXM1 expression was 
observed in the nucleus of normal oral tissues adjacent to 
tumors and both in the cytoplasm and nucleus of OSCC 
tumors (Fig. 1). In the case of normal tissues adjacent to 
tumors, the immunohistochemistry scores for FOXM1 ranged 
from 24.2 to 111.7 (mean, 74.2). The FOXM1 expression level 
in primary OSCCs ranged from 18.7 to 217.6 (mean, 98.7), 
which was significantly higher than those in normal oral tissues 
(P<0.001, Fig. 2). Among 56 patients with OSCC, 35 patients 
(62.5%) showed low expression (<111.7) of FOXM1 and 
21 patients (37.5%) showed high expression (≥111.7) (Table II). 
No correlation was found between FOXM1 expression and 

sex, age, T classification or tumor differentiation of OSCC 
patients. However, a significant association was observed 
between FOXM1 expression and N classification (P=0.0395), 

Figure 1. FOXM1 expression in normal tissues and OSCC tumors detected by immunohistochemistry. (A) A dysplastic lesion is visible, and FOXM1 expres-
sion is observed in the nucleus of the dysplastic lesion. (B) Low expression of FOXM1 in OSCC tissues. (C) Moderate expression of FOXM1 in OSCC. 
(D) High expression of FOXM1 in OSCC. A weak to strong positive immunoreaction was detected in the cytoplasm and nucleus of OSCC cells. Scale bars, 
50 µm. FOXM1, Forkhead box protein M1; OSCC, oral squamous cell carcinoma.

Figure 2. FOXM1 expression pattern in normal and dysplastic tissues (n=56), 
and OSCC (n=56) tumors. A significantly higher expression of FOXM1 
was observed in OSCC tumors when compared with normal oral tissues 
(P<0.001, as indicated). The results are presented as the mean ± standard 
deviation. IHC, immunohistochemistry; FOXM1, Forkhead box protein M1; 
OSCC, oral squamous cell carcinoma.
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therapeutic efficacy (P=0.0040), stage (P=0.0113) and patient 
outcome (P=0.0134; Table II).

FOXM1 expression and survival time. A total of 47 patients 
survived, and 9 patients died during the study period with 
a median follow‑up time of 8.6  years. The relationship 
between FOXM1 expression and patients' OS was analyzed 
by a Kaplan‑Meier curve. There was a significant association 
between high expression of FOXM1 in tumor cells and shorter 
OS (P=0.0257; Fig. 3). Moreover, a Cox proportional hazards 
model was applied to estimate the effect of FOXM1 expres-
sion on OSCC patient survival. A univariate Cox regression 
analysis identified T classification, stage, tumor differen-
tiation, therapeutic effect and the expression of FOXM1 as 
significant prognostic factors. Using a multivariate analysis, T 
classification, therapeutic effect and the expression of FOXM1 
were found to be independent prognostic factors for overall 
survival (Table  III). Collectively, the results indicate that 
FOXM1 expression may act as an independent predictor for 
poor patient prognosis.

Discussion

FOXM1 has vital roles in adult tissue homeostasis, cell 
proliferation, cell differentiation, apoptosis and aging as well 
as in the pathogenesis of human cancers (16,17,26). Normal 
cells show a lower expression of FOXM1 than cancer cells. 
Dysfunction of FOXM1 inhibits cell differentiation, which 
may finally lead to the malignant transformation of undif-
ferentiated cells  (27). Moreover, upregulated expression of 
FOXM1 has been observed in a number of cancers including 
hepatocellular carcinoma, breast cancer, non‑small cell lung 
carcinomas and glioblastomas as well as prostate, cervical 
and gastric cancer (21,28‑33). Recent studies have strongly 
suggested that overexpression of FOXM1 could be correlated 

with cancer progression and might be a potential prognostic 
biomarker for cancer patients (28‑33). In addition, the prog-
nostic significance of FOXM1 expression is clearly seen in 
various cancers including renal, liver, pancreatic and lung 
cancer, by using The Cancer Genome Atlas or The Human 
Protein Atlas. These days, Doc, a semisynthetic taxane drug 
with a notable anticancer effect, has been extensively used to 
treat various cancers. However, acquired resistance to Doc is 
one of the major obstacles to the application of Doc containing 
regimens to treat cancers. It was reported that FOXM1 is 
related to Doc resistance in several cancer types; nevertheless, 
few studies have investigated the association between FOXM1 
and Doc resistance (20,23,24).

In gastric cancer, FOXM1 is reported to mediate 
Doc‑resistance by upregulating the microtubule‑destabilizing 
protein stathmin  (23). Okada  et  al  (20) also reported the 
relationship between FOXM1 overexpression and Doc 
chemoresistance in gastric cancer cells. Moreover, FOXM1 
expression is also associated with paclitaxel resistance in 
several cancers  (26,34‑36). However, until now, no link 
between FOXM1 expression and Doc resistance has been 
reported in OSCC.

In recent years, we have treated OSCC patients with a 
Doc‑containing regimen as an NAC (Doc plus S‑1 or UFT) in 
our hospital, but the number of patients in each trial was small. 
In the present study, we aimed to investigate the usefulness of 
FOXM1 in predicting the response of these 56 OSCC patients 
to an NAC with a Doc‑containing regimen.

In this study, upregulated expression of FOXM1 was 
detected in OSCC cells compared to normal tissues (Fig. 2). 
Moreover, overexpression of FOXM1 was significantly associ-
ated with therapeutic efficacy, N classification and stage, patient 
outcome (Table II) and shorter OS (Fig. 3). We also observed 
that OSCC patients with low expression of FOXM1 responded 
well (CR or PR) to NAC treatments with a Doc‑containing 

Figure 3. Correlation between OS and FOXM1 expression in OSCC. Kaplan‑Meier curves revealed a significant association between high expression of 
FOXM1 in tumor cells and a shorter OS (log‑rank; P=0.0257). OS, overall survival; FOXM1, Forkhead box protein M1; OSCC, oral squamous cell carcinoma.
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regimen than those with high FOXM1 expression (Table II). 
Additionally, multivariate analysis showed that high expres-
sion of FOXM1 was a predictive factor of reduced survival 
(P=0.0327) (Table  III). These findings suggest that high 
expression of FOXM1 might be associated with Doc resistance 
and poor prognosis in OSCC. Thus, examining the FOXM1 
expression pattern in biopsy samples might help to determine 
the most effective treatment strategies for OSCC patients.

FOXM1 promotes drug resistance in cancers by targeting 
and mediating several molecules [e.g., XIAP, survivin, nibrin 
or NBS1; kinesin‑like protein (KIF) 20A; stathmin, etc.] 
involved in DNA repair, metastasis, cell invasion, migration 
and mitosis (23,36‑38). It is assumed that FOXM1 and Doc 
might have overlapping roles in the progression of mitosis, 
and FOXM1 might target other molecules involved in regu-
lation of mitosis to ensure Doc resistance  (23). Therefore, 
identification of those molecules is essential to understand the 
FOXM1‑mediated resistance of Doc. It was reported that agents 
that suppress FOXM1 expression can reverse the acquired 
docetaxel resistance in cancer cells. For example, protea-
some inhibitor thiostrepton and cell‑penetrating adenosine 
diphosphate ribosylation factor (ARF) peptide are reported 
to inhibit the FOXM1 functions that lead to the reversal of 
Doc resistance and reduced tumor cell proliferation in vitro, 
respectively (23,39). Therefore, the use of FOXM1 inhibitors 
might be promising as new anticancer therapeutics in cancer 
patients with elevated FOXM1 expression or Doc resistance.

In this study we showed that FOXM1 could be a potential 
prognostic marker for OSCC treated with a Doc‑containing 
regimen. Molecularly targeted therapies against FOXM1 may 
have promising therapeutic benefits for the successful treat-

ment of cancer. Our results agree with most of the previous 
findings on the association between FOXM1 overexpression 
and patients' response to DOC based chemotherapies in 
different types of cancers. Further studies are needed to clarify 
the clinical importance of FOXM1 and to understand the 
detailed mechanism of Doc‑resistance and FOXM1 expression 
in OSCC in both in vitro and in vivo models.
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Table III. Univariate and multivariate analysis of overall survival.

	 Univariate analysis	 Multivariate analysis
	‑‑‑ -‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑--‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ --‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Hazard ratio	 95% CI	 P‑value	 Hazard ratio	 95% CI	 P‑value

Sex
  Male vs. Female	 1.074	 0.573‑1.984	 0.9746
Age (years)
  >65 vs. <65	 1.172	 0.648‑1.867	 0.6894
T classification
  T3+T4 vs. T1+T2	 2.687	 1.056‑6.834	 0.0379	 1.874	 1.014‑2.931	 0.0463
N classification
  N0 vs. N1+N2+N3	 0.99	 0.353‑2.788	 0.9847
Stage
  Stage III+IV vs. Stage I+II	 2.808	 1.051‑7.501	 0.0394	 2.576	 0.745‑6.945	 0.0871
Tumor differentiation
  Well vs. Moderately+Poorly	 0.174	 0.012‑0.928	 0.0427	 0.132	 0.010‑0.847	 0.1678
Effect
  CR+PR vs. NC	 0.111	 0.036‑0.345	 0.0001	 0.105	 0.021‑0.282	 0.0354
FOXM1 expression
  High vs. Low	 2.765	 1.087‑7.033	 0.0327	 1.867	 0.946‑5.393	 0.0472

CI, confidence interval; FOXM1, Forkhead box protein M1; CR, complete response; PR, partial response; NC, normal control.
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