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High expression of FOXC1 is associated with poor clinical
outcome in non-small cell lung cancer patients
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Abstract The aim of this study was to detect FOXC1 expres-
sion in human non-small cell lung cancer (NSCLC) and to
analyze its association with prognosis of NSCLC patients.
Expressional levels of FOXC1 mRNA and protein in 30 cases
of NSCLC and corresponding non-tumor tissue samples were
examined by quantitative real-time PCR and Western blotting.
Immunohistochemistry was performed to detect the expression
of FOXC1 in 125NSCLC tissues.We found that the expression
levels of FOXC1 mRNA and protein in NSCLC tissues were
significantly higher than those in corresponding non-tumor
tissues. High-level FOXC1 expression was correlated with poor
tumor differentiation, tumor–node–metastasis stage, and lymph
nodemetastasis. Patients with high expression levels of FOXC1
showed lower overall survival rate than those with low expres-
sion levels. Multivariate analysis showed that high FOXC1
protein expression was an independent prognostic factor for
NSCLC patients. Our study suggests that over-expression of
FOXC1 may play an important role in the progression of
NSCLC, and FOXC1 expression may offer a valuable marker
for predicting the outcome of patients with NSCLC.
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Introduction

Lung cancer is the leading cause of cancer-related deaths,
accounting for 15 % of all cancer diagnoses and with 1.1

million deaths annually worldwide. Non-small cell lung cancer
(NSCLC) constitutes approximately 80–85 % of total lung
malignancies [1]. Despite significant advances in multidisci-
plinary treatment approaches, such as surgery, chemotherapy,
and radiotherapy, the 5-year survival in patients with NSCLC
amenable to definitive treatment remains only about 15 % [1,
2]. Consequently, there is an urgent need to explore novel
prognostic markers and therapeutic targets, both of which
may be realized through a more sophisticated understanding
of the molecular mechanisms involved in lung carcinogenesis.

Members of the forkhead box (FOX) family of transcrip-
tion factors regulate a wide array of biological processes
including development, differentiation, and invasion [3].
FOXC1 (Mf1, FKHL7, FREAC3) was originally identified
as an important transcription factor that controls development
of structures derived from the neural crest, and FOXC1 muta-
tions have long been recognized as a primary cause of Axen-
feld–Rieger syndrome [4–6]. In addition to its roles in normal
function and development of the eye and meninges, FOXC1
has recently emerged as a possible master regulator of breast
cancer. Although one report has demonstrated decreased in-
vasion and metastasis of breast cancer cells in response to
FOXC1 expression [7], other groups have reported that
FOXC1 increases invasion and metastasis in endometrial
and breast cancer models [8–11]. Stable over-expression of
FOXC1 elicits changes in gene expression indicative of epi-
thelial to mesenchymal transition and increases cellular inva-
sion, migration, and proliferation [8–11]. In addition, FOXC1
expression predicts poor breast cancer patient outcome [9, 12,
13]. To the best of our knowledge, little has been uncovered
regarding the involvement of FOXC1 genes in NSCLC. In
this study, we investigated FOXC1 expression in NSCLC and
its correlation with clinicopathological features, including the
survival of patients with NSCLC.
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Materials and methods

Patients and tissue samples

A total of 125 primary lung cancer specimens were collected
from patients with NSCLC undergoing surgery at the De-
partment of Respiratory Medicine, The Fourth Affiliated
Hospital of China Medical University, Shenyang. These
patients included 70 men and 55 women, ranging in age
from 35 to 82 years, with a median age of 60 years. None of
the patients received preoperative chemotherapy or radio-
therapy, and all the patients were treated with routine che-
motherapy after the operation. The mean follow-up period
was 57.5 months (range, 2–110.5 months). Written informed
consent was obtained from all patients before surgery, and
the study protocol was approved by the Institutional Review
Board for the Use of Human Subjects at China Medical
University. The clinicopathological findings were deter-
mined according to the classification of malignant tumors
by the World Health Organization and International Union
against Cancer Tumor–Node–Metastasis (TNM) staging
system [14]. All tumor tissues were diagnosed histopatho-
logically by at least two trained pathologists. Surgically
removed tumors and matched non-cancerous tissue samples
used for mRNA detection were immediately frozen in liquid
nitrogen and kept at −80 °C until extraction of RNA.

RNA isolation and quantitative real-time RT-PCR

Total RNA from frozen tissues was isolated using Trizol
reagent (Life Technologies, Rockville, MD, USA) according
to the manufacturer’s instructions. Reverse transcription was
performed on 1 μg of total RNA from each sample. Quanti-
tative real-time RT-PCR was performed using SYBR Green
(Takara, Dalian, China) on a Real-Time Quantitative Thermal
Block (Biometra, Germany). The PCR primer sequences were
designed according to the human FOXC1 and β-actin gene
sequences reported in GenBank and were chemically synthe-
sized: FOXC1, forward 5′-TTACCGGTAAGCCTAGAT
TAGGCC-3′; reverse 5′-TTGAATTCGGTAACATTATT
GGTT-3'; β-actin, forward 5′-GTGGGGCGCCCCAGG
CACCA-3′; reverse 5 ′-CTCCTTAATGTCACGCAC
GATTTC-3′. The reactions were carried out at 95 °C for
30 s to activate the enzyme, then 40 cycles of 95 °C for
20 s, 55 °C for 15 s, and 72 °C for 20 s, and a final extension
at 72 °C for 10 min. The specificity of the PCRwas confirmed
by examining the dissociation reaction plot subsequent to real-
time RT-PCR. β-actin served as the constitutive control. PCR
reactions of each sample were conducted in triplicate. Data
were analyzed through the comparative threshold cycle meth-
od [15]. The relative FOXC1 mRNA expression was calcu-
lated by the 2−ΔCt method (ΔCt=Ct of FOXC1−Ct of β-
actin). The fold change of FOXC1 expression in each tissue

was defined as the ratio of relative FOXC1 mRNA expression
in tumor tissue to that in corresponding normal tissues.

Western blot analysis

Total proteins were extracted from frozen lung cancer tissues
using radioimmunoprecipitation assay buffer (Beyotime Insti-
tute of Biotechnology, Haimen, China), and protein concen-
trations were determined using a bovine serum albumin
standard line. Equal amounts of protein were separated by
sodium dodecyl sulfate polyacrylamide gel electrophoresis
and then electrotransferred to polyvinylidene fluoride mem-
branes. Membranes were blocked with 5 % skimmed milk at
room temperature for 2 h and then incubated overnight (4 °C)
with anti-FOXC1 (1:500; SC-1971, Santa Cruz Biotechnolo-
gy, Santa Cruz, CA, USA) or anti-GAPDH antibody (1:1,000,
Sigma-Aldrich, St. Louis, MO, USA), followed by horserad-
ish peroxidase-conjugated secondary antibodies. Protein
bands were visualized with ECL plus chemiluminescence kit
(Millipore, Bedford, MA, USA).

Immunohistochemistry analysis

FOXC1 protein expression in 125 tumor tissue samples was
confirmed by immunohistochemistry analysis, which was per-
formed on formalin-fixed, paraffin-embedded, 3-μm-thick tis-
sue sections using the avidin–biotin–peroxidase complex
method. The sections were deparaffinized and dehydrated
using a graded series of ethanol solutions. Endogenous perox-
idase activity was halted through the administration of 0.3 %
hydrogen peroxidase and methanol for 20 min. After having
been rinsed in phosphate-buffered saline, the tissue sections
were processed in a 0.01 M citrate buffer (pH 6.0) inside a
heat-resistant plastic container. Sections were then irradiated in
a domestic microwave oven for 20 min. After microwave
irradiation, the slides were allowed to cool at room tempera-
ture. The following antibody was applied as the primary anti-
body: rabbit antibody specific to FOXC1 (1:15, Atlas
Antibodies, Sigma-Aldrich, USA). The sections were incubat-
ed with the primary antibody overnight at 4 °C followed by the
secondary antibody. The results were visualized with diamino-
benzidine. In each immunohistochemistry run, the negative
controls were stained without primary antibody.

Two independent observers particularly experienced in
immunohistochemistry evaluated the slides. Both readers
were blinded to clinicopathologic data and patient out-
comes. The expression of FOXC1 was quantified using a
visual grading system based on the extent of staining (per-
centage of positive tumor cells graded on a scale from 0 to 3:
0=negative, 1=1–30 %, 2=31–60 %, 3>60 %) and the
intensity of staining (graded on a scale of 0–3: 0=none, 1=
weak staining, 2=moderate staining, 3=strong staining). The
combination of extent (E) and intensity (I) of staining was
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obtained by the product of E×I called EI, varying from 0 to 9
for each spot. The mean EI score was calculated for each
NSCLC specimen. EI scores of 0–3 were considered low
expression and EI scores >3 were considered high expression.
In 95 % of the samples, the evaluations of the two observers
were identical, the remaining slides were reevaluated, and
consensus decisions were made.

Statistical analysis

All statistical analyses were carried out using the SPSS 13.0
statistical software package. The χ2 and Fisher exact tests
were used to analyze the relationship between FOXC1 ex-
pression and the clinicopathologic characteristics. Survival
curves were plotted using the Kaplan–Meier method and
compared using the log-rank test between the high and low
expression of FOXC1 cases. Survival data were evaluated
using the Cox proportional hazards model. Independent
prognostic factors were determined by multivariate analysis.
P<0.05 was considered statistically significant.

Results

Analysis of FOXC1 mRNA expression

Firstly, quantitative real-time RT-PCR was conducted to
detect the FOXC1 mRNA expression in 30 cases of NSCLC
and corresponding adjacent lung tissues. We found that 18
of the 30 patients (60 %) showed a higher expression level
of FOXC1 mRNA in NSCLC specimens than in non-
cancerous tissue specimens (at least 2.1-fold change). In
addition, the relative expression of FOXC1 mRNA in the
NSCLC specimens was significantly higher than that in the
corresponding normal tissues (0.662±0.118 vs 0.325±
0.074; P<0.001, Fig. 1). Thus, FOXC1 may play important
roles in the progression of lung cancer.

Analysis of FOXC1 protein expression

FOXC1 protein levels in resected NSCLC samples were
measured by Western blotting. Increased FOXC1 expression
was detected in 19 of the 30 tumor tissue samples (63.3 %),
compared with matched adjacent non-tumor tissue samples
(P<0.001; Fig. 2). These findings were consistent with the
quantitative real-time PCR (qRT-PCR) data.

The degree of FOXC1 immunohistochemical staining
correlates with clinicopathological characteristics

To further determine whether FOXC1 protein upregulation
is linked to the clinical parameters of NSCLC patients, we
examined the expression of FOXC1 protein in 125 NSCLC
tissue samples by immunohistochemistry. According to the
FOXC1 immunoreactive intensity, 56 (44.8 %) patients
were classified as low-FOXC1 group and 69 (55.2 %)
patients were classified as high-FOXC1 group (Fig. 3).

Table 1 summarizes the relationships between FOXC1
expression and clinicopathological parameters of NSCLC
patients. We found that the expression of FOXC1 protein
was significantly correlated with poor tumor differentiation,
TNM stage, and lymph node metastasis of NSCLC patients
(P<0.001, 0.007, and 0.004, respectively). However, statis-
tical analysis revealed no significant correlations between
FOXC1 expression and age, gender, smoking history, histo-
logical type, and tumor classification.

Correlation between FOXC1 expression levels and patient
survival

The Kaplan–Meier method was performed to further analyze
the association of FOXC1 expression with prognosis of
NSCLC patients. We found that the survival of patients with
high FOXC1 protein expression was significantly shorter than
that of patients with low FOXC1 protein expression (P<
0.001; Fig. 4). Thus, the expression of FOXC1 protein could
affect the prognosis of NSCLC patients.

To evaluate the possibility of FOXC1 used as an inde-
pendent risk factor for poor prognosis, conventional

Fig. 1 FOXC1 mRNA expression in primary lung cancer and paired
adjacent normal tissues examined by quantitative real-time RT-PCR
and normalized to β-actin. The expression levels of FOXC1 mRNA in
NSCLC tissues were much higher (0.662±0.118) than in non-
cancerous tissues (0.325±0.074; P<0.001)

Fig. 2 Western blot analysis of FOXC1 expression in NSCLC
patients. Relative FOXC1 expression in NSCLC (T) tissues compared
to adjacent non-tumor (N) tissues (n=30), assessed by Western blotting
(P<0.001). Results are shown as expression relative to GAPDH and
are means (±SD) of three separate experiments
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clinicopathological factors and FOXC1 protein levels were
assessed by Cox’s univariate and multivariate hazard regres-
sion model (Table 2). Univariate analysis indicated that
tumor differentiation, TNM stage, lymph node metastasis,
and FOXC1 protein expression were significantly associat-
ed with overall survival of NSCLC patients. By multivariate
analysis, we showed that FOXC1 protein expression and
lymph node metastasis were independent prognostic factors
for overall survival of NSCLC patients.

Discussion

Genetic alterations are a hallmark of human cancer. In recent
years, the field of cancer genomics has made significant
advances in the area of cancer-associated genetic lesion iden-
tification. Furthermore, the importance of epigenetic changes

Fig. 3 Immunohistochemical
analysis of FOXC1 in
NSCLC patients. a High
expression level of FOXC1
in squamous cell carcinomas.
b Low expression level of
FOXC1 squamous cell
carcinomas. c High expression
level of FOXC1 in
adenocarcinomas. d Low
expression level of FOXC1
in adenocarcinomas.;
a, b, c, d Original
magnification × 200

Table 1 Association between FOXC1 expression and various clinico-
pathological factors of NSCLC patients

Variables No.
(n=125)

FOXC1 protein expression P value

Low
(n=56)

High
(n=69)

Age

<60 54 21 33 0.365
≥60 71 34 37

Gender

Male 70 35 35 0.209
Female 55 21 34

Smoking history

Non-smoker 71 30 41 0.587
Smoker 54 26 28

Histological type

SCC 74 36 38 0.361
AC 51 20 31

Tumor differentiation

Well–moderate 46 33 13 0.456
Poor 79 23 56

TNM stage

I–II 67 < 0.001
II–IV 58

Tumor classification

T1 + T2 61 35 26 0.007
T3 + T4 64 21 43

Lymph node metastasis

Absent 66 38 28 0.004
Present 59 18 41

SCC squamous cell carcinomas, AC adenocarcinomas

Fig. 4 Overall survival rate of NSCLC patients estimated according to
the FOXC1 expression level in NSCLC tissue samples (Kaplan–Meier
method) with immunohistochemical staining (P<0.001)
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that occur during NSCLC development was also recognized
[16]. Epigenetic changes can take the form of DNA methyl-
ation or histone modification [17]. Histone modifications in
the form of selective acetylation, phosphorylation, and
methylation serve as switches that alter chromatin struc-
ture, allowing posttranscriptional activation or repression
of downstream proteins [18]. Understanding these epige-
netic changes will lead to the identification of novel
cancer-related genes, which may represent attractive targets
for cancer treatment and provide new insights into the
biology of hepatic cancers. Thus, an integrative approach
to hepatic cancer research that combines epidemiological,
genetic, and epigenetic information has emerged as an
important paradigm for cancer therapy [19].

Members of the FOX family of transcription factors regu-
late a wide array of biological processes including develop-
ment, differentiation, and invasion [3]. FOXC1 (Mf1, FKHL7,
FREAC3) was originally identified as an important transcrip-
tion factor that controls development of structures derived from
the neural crest, and FOXC1 mutations have long been recog-
nized as a primary cause of Axenfeld–Rieger syndrome [4–6].
A number of studies have documented that FOXC1 expression
is upregulated in several types of human cancers, such as
hepatocellular carcinoma, breast cancer, and prostate cancer,
through duplications or rearrangements of the FOXC1 locus,
suggesting that over-expression of FOXC1 is involved in the
tumorigenesis of many types of cancer [9, 20, 21]. In this
study, we investigated FOXC1 expression in NSCLC and its
correlation with clinicopathological features, including the sur-
vival of patients with NSCLC.

To address these issues, we first investigated FOXC1
mRNA and protein expression in NSCLC specimens by qRT-
PCR and Western blotting, respectively. FOXC1 transcript and
protein levels were determined in 30 pairs of resected speci-
mens (tumor tissue samples and matched adjacent non-tumor
tissue samples) from NSCLC patients. We observed that
FOXC1 mRNA and protein levels were significantly increased
in tumor tissue samples compared with adjacent non-tumor

tissues. In addition, the FOXC1 protein and mRNA showed
similar expression patterns in the matched samples. These
observations support the hypothesis that FOXC1 may function
as an oncogene in NSCLC, and also suggest that FOXC1 may
play an important role in the tumorigenesis of NSCLC. We
further assessed the FOXC1 protein in 125 NSCLC tumor
specimens by immunohistochemistry and analyzed its correla-
tion to clinicopathological features. We found that FOXC1
expression was significantly higher in neoplastic than in non-
neoplastic tissues, which was consistent with previous findings
in other cancer types. Additionally, FOXC1 positively corre-
lates with poor tumor differentiation, TNM stage, and lymph
node metastasis in human NSCLC patients. It agrees with the
fact that FOXC1 plays a role in enhancing cell proliferation of
human lung cancer cells and may thereby contribute to the
early progression of carcinoma tumors.

More importantly, our results also showed that FOXC1
expression is associated with patient survival. Collectively,
these findings suggest that FOXC1 is upregulated in NSCLC
tissues and positively participates in lung cancer progression.
In the present study, univariate and multivariate analyses
revealed that FOXC1 expression was recognized as an inde-
pendent prognostic factor for patient outcome. Our results not
only suggest a potentially promising use of FOXC1 as a
valuable prognostic indicator, but also imply a possible link
between the biological function of FOXC1 and the pathogen-
esis of NSCLC. This could lead to the development of a novel
anti-lung cancer strategy. Nonetheless, further studies are
needed to elucidate the molecular mechanisms by which
FOXC1 participates in the development and progression of
lung cancer and to address whether FOXC1 could be used as a
target for novel therapeutic approaches.

In summary, the data from the current study have shown
that FOXC1 is over-expressed in NSCLC and associated
with poor tumor differentiation, TNM stage, and lymph
node metastasis, as well as poor prognosis of NSCLC
patients. Furthermore, FOXC1 levels appear to be an inde-
pendent predictor of survival for patients with NSCLC.

Table 2 Univariate and multi-
variate analysis of prognostic
factors in 125 NSCLC patients

Variables Univariate analysis Multivariate analysis

HR 95 % CI P value HR 95 % CI P value

FOXC1 expression 1.324 0.657–2.175 <0.001 1.328 0.625–2.021 <0.001

Age 0.769 0.324–1.659 0.347 0.839 0.334–1.72 0.334

Gender 0.978 0.469–1.742 0.324 0.982 0.563–1.837 0.264

Smoking history 1.231 0.767–1.969 0.247 1.128 0.672–1.878 0.321

Histologic type 1.327 0.674–2.123 0.234 1.231 0.568–1.873 0.412

Tumor differentiation 1.324 0.657–1.935 0.326 1.342 0.686–2.109 0.149

TNM stage 1.037 0.614–1.741 <0.001 0.976 0.547–1.869 0.005

Tumor classification 1.231 0.534–1.834 0.008 1.212 0.673–1.982 0.004

Lymph node metastasis 1.321 0.683–1.937 0.009 1.428 0.683–1.993 0.006
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