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The significant aberrant expression of FOXC1 as a
high specific and sensitive potential biomarker in
gastric adenocarcinoma tumor tissues
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Summary
FOX transcription factors regulate a wide array of biological processes including development, differentiation, and
invasion. It seems that some FOX proteins are involved in epithelial-to-mesenchymal transition (EMT), which is
involved in the progression of cancer. However, the role of FOXC1, one of the members of FOX proteins, remains
unknown in the progression of gastric adenocarcinoma. Here, by quantitative Real time PCR, we report the significant
up-regulation of FOXC1 in gastric tumors compared with normal tissues. Also, because it was previously reported that
FOXC1 expression is correlated with SUZ12 in breast cancer tissues, we wondered if this correlation exists in gastric
cancer tissues. Concerning the role of SUZ12, one of the components of Polycomb repressive Complex 2, unraveling the
relation between FOXC1 and SUZ12 may help us to decipher the mechanisms of gastric adenocarcinoma. In the current
study, we demonstrate that FOXC1 expression can be considered as a good putative biomarker for gastric
adenocarcinoma tissues by ROC curve analysis. Based on our results, FOXC1 may potentially be useful as a biomarker
or molecular target in treatment or prevention of gastric cancer.

I. Introduction
Gastric cancer is one of the most common types of
cancer in the world, and approximately one million
patients are diagnosed each year (Shah MA and Kelsen
DP, 2010). Although several environmental factors, such
as Helicobacter pylori infection, excessive intake of salt,
as well as the low intake of vegetables and fruit, have been
linked with gastric carcinogenesis, the molecular
mechanisms underlying gastric carcinogenesis are poorly
understood. In recent years, many studies have focused on
finding genes which are chiefly involved in the
progression of gastric carcinogenesis (Cui J, et al., 2011;

Hajjari M, et al., 2013; Peek Jr RM and Blaser MJ, 2002;
Yuasa Y). Disclosing the role of these genes may help us
to understand the mechanisms of gastric cancer
progression precisely.
FOXC1 is a member of the superclass of Forkhead
transcription factors, which have different roles in various
biological processes. Fox proteins have a characteristic
forkhead or winged-helix (WH) DNA-binding domain, and
are required for a variety of functions such as the
maintenance of differentiated cell states, tissue-specific
gene expression and embryogenesis (Hannenhalli S and
1
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and two independent pathologists examined the histopathological
parameters. Fresh gastric mucosa specimens were frozen
immediately in time of resection. The Medical Ethics Committee
of Tarbiat Modares University approved the experimental design
and procedure.

Kaestner KH, 2009; Kaufmann E and Knochel W, 1996;
Kidson SH, et al., 1999). FOXC1 gene is located on human
chromosome 6p25 (Nishimura, et al., 1998) and its
transcript has been detected in multiple human organs
using Northern blot analysis (Nishimura, et al., 1998;
Pierrou, et al., 1994). Systemic analysis of phenotypic
change in FOXC1-null mice revealed that FOXC1
expression is important for developmental processes
(Mears AJ, et al., 1998).
There are some reports showing the potential role of
FOXC1 in the initiation and the progression of different
cancers. Recently, Ray et al. reported that FOXC1
overexpression is a consistent feature of early invasive and
basal-like breast cancer (Ray PS, et al., 2010). Muggerud
et al. reported that FOXC1 knockdown suppresses cell
proliferation, migration and invasion in breast cancer cells
(Muggerud AA, et al., 2010). Furthermore, in some
studies, FOXC1 has been suggested as an inducer of
epithelial to mesenchymal transition (EMT) (BloushtainQimron N, et al., 2008). EMT process has been described
in epithelial carcinogenesis (Bloushtain-Qimron N, et al.,
2008; Polyak K and Weinberg RA, 2009).
The potential role of FOXC1 in tumorigenesis and
epithelial to mesenchymal transition prompted us to
investigate the possible role of this gene in the initiation
and/or progression of gastric adenocarcinoma, one of the
most important epithelia originating cancer. This study
was done to examine the expression levels of FOXC1 in
gastric cancer specimens and normal adjacent tissues
derived from the same patients. We assessed the
correlation of FOXC1 expression with clinopathological
parameters and demonstrated, for the first time, that
FOXC1 is aberrantly expressed in gastric adenocarcinoma
tissues.
Since it was previously reported that the expression
of FOXC1 is negatively correlated with SUZ12 expression
in breast cancer (Du J, et al., 2012), we tried to find if this
correlation exists in gastric adenocarcinoma tissues. This
may help us to decipher the mechanism of FOXC1
function in gastric adenocarcinoma. SUZ12 is one of the
components of Polycomb repressive complex 2 and can
downregulate some genes involved in cancer progression
by histone modification (Kirmizis A, et al., 2004). Finding
any coopereative expression with this gene might reveal
some pathways involved in cancer progression. We
examined SUZ12 mRNA expression level in specimens
and analyzed its correlation with FOXC1 mRNA level.

B. RNA Extraction and cDNA synthesis
Total RNA was extracted using RNXTM-plus solution
(Cinnagen, Iran) according to the manufacturer’s instructions.
RNA was treated with DNase I (Sigma) at 37ºC for 30 min to
omit any genomic DNA contamination. The purity and integrity
of extracted RNAs were measured by spectrophotometer at 260
and 280 nm and running on agarose gel electrophoresis,
respectively. cDNA was generated by reverse transcription of
3µg of total RNA using RevertAid™ Reverse Transcriptase
(Fermentas, Canada) with oligo (dT)18 and random hexamer
primers (MWG, Germany) in a total 20 µl reaction mixture,
according to the manufacturer’s instructions.

C. Real-time polymerase chain reaction
(PCR) analysis
Expression analysis was done by real-time quantitative RTPCR technique with an ABI 7500 sequence detection system
(Applied Biosystems, USA) and 10 ng cDNA in a total volume of
20 µl. The reaction was carried out using 10 µl of SYBR Green I
master mix (Takara, Shiga, Japan) and 200 nM of sense and
antisense primers, according to the manufacturer’s instructions.
All appropriate primers were designed and their sequences
are shown in Table 2.
The PCR reaction was performed as follows: an initial
denaturation at 95ºC for 5 min, followed by 40 cycles of
denaturation at 95ºC for 10 s and annealing/extension at 60 ºC for
30 s. Melting curve analysis was consistently performed at the
end of the reactions to check for primer–dimer artifacts and
contamination. In addition, in all experiments, appropriate
negative controls containing no template were subjected to the
same procedure to exclude or detect any possible contamination.
The real-time RT-PCR allows, by means of fluorescence
emission, the identification of the cycling point when PCR
product is detectable. Data are acquired as threshold cycle (Ct)
value. The Ct value inversely correlates with the starting quantity
of target mRNA for each sample. In our study, measurements
were performed at least in duplicate and controls were included
in which the reaction mixture contained no cDNA. As the
internal control to normalize mRNA levels, amplification of the
human glyceraldehyde 3-phosphate dehydrogenase gene
(GAPDH) was used for quantitative PCR in the analysis of
FOXC1 and SUZ12 gene expression in the samples. Because the
amplification efficiencies of target genes and the internal control
were equal, the relative changes of target genes expression in
tumor cells compared with normal gastric epithelium (ΔCT
calibrator value) was calculated using the equation 2-ΔΔCt (Livak,
et al., 2001).

II. Materials and Methods
A. Tissue Samples
A total of 62 gastric tissue samples (31tumor and 31adjacent
noncancerous gastric epithelia specimens) were obtained from
Iran National Tumor Bank (Tehran, Iran). The patients consisted
of 18 males and 13 females with a mean age of 64± 20 years old.
Informed consent was obtained from all patients before sampling.
Clinopathological information was obtained from medical charts

D. Statistical Analysis
Statistical analyses were performed using SPSS (SPSS
Inc., Chicago, IL, USA) and GraphPad softwares. The
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comparison of mRNA levels between normal and tumor
tissues of patients was done with paired Student’s t test.
The clinopathological variables of differentiation
grade, lymph node metastasis, and invasion depth were
used in this study. Regarding the clinopathological
features, the obtained data were analyzed by statistical
modeling, and the results from correlation analyses were
expressed by Pearson’s correlation coefficient. The
Receiver Operating Characteristic (ROC) curve was used
to analyze the specificity and sensitivity of the difference
of the expression level of FOXC1 as a potential biomarker.
The area under the ROC curve (AUROC) was used to
represent an overall summary of its diagnostic accuracy. A
P-value ≤0.05 was considered significant and data were
shown as mean ± standard deviation (SD).

Table 1: Clinicopathological characteristics of the patients
with gastric adenocarcinoma

B. Gene expression levels in normal
gastric and adenocarcinoma tissues
Comparison of FOXC1 gene expression between
gastric tumors and their adjacent normal tissues showed
that FOXC1 gene expression in tumors was significantly
higher than that in their adjacent normal tissues (Change
fold: 3.81, p-value: 0.015). The result is shown in Figure
1.

III. Results:
A. Clinical Characteristics of the Patients
The patients in this study included eighteen males and
thirteen females aged from 44 to 84 years with an average
age of 64 years. Among the 31 patients, 21 were diagnosed
with non-cardia carcinoma, and 10 patients were
diagnosed as cardia stomach cancer type. With regard to
the Grade of tumors, 11 cases were categorized as low
grade, 9 cases as intermediated grade and 11 cases as high
grade according to the result of pathological examinations.
The clinopathological data of patients according to the
TNM (Tumor, Node, and Metastasis) staging criteria are
shown in Table 1.)
Figure 1: The expression level of FOXC1 is up-regulated
significantly in gastric tumor specimens in comparison to the
normal margin respective tissues (P< 0.05). Each real-time PCR
examination was carried out in duplicate. The gene expression
values were normalized relative to the level of GAPDH
expression in the respective tissues. The relative change of
mRNA expression was calculated using the equation 2-ΔΔCt with
Paired t-test (calibrator value=1.0).

C. Expression analysis of FOXC1 in
tumors with different clinicopathologic
characteristics
The comparison of FOXC1 gene expression between
tumors with different grade, invasion depth or lymph node
metastasis did not show any significant differences, as
represented in Table 3 and Figure 2.

D. Receiver Operating Characteristics
(ROC) curve analysis
The up-regulation of FOXC1 showed a highly
discriminative receiver operating characteristic (ROC)
curve profile, which clearly distinguishes tumors from
normal tissues. The area under the ROC curve (AUROC)
was 0.76±0.08 (P-Value: 0.001), the 95% confidence
interval was 60%–92% and the criterion value (cutoff
value) was 1.035. The detection of FOXC1 expression
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yielded 100.00% sensitivity and 74.1% specificity in the

diagnosis of gastric cancer (Figure 3).

Figure 2: Analysis of genes expression between different grades (a), invasion depth (b) and lymph node metastasis (c) of gastric
adenocarcinoma tumors. Although there are some differences between expression levels in tumors, they are not significant. Data
are presented as normalized gene expression to an endogenous reference gene (GAPDH) in different tumors.

Figure 3: Receiver operating characteristic (ROC) curve for expression change between tumors and normal gastric tissues.
Corresponding True Positive Rate (sensitivity) was plotted against the False Positive Rate (1- specificity). AUC shows good
distinguish efficiency (p-value: 0.001).

Table 2: The sequence of primers which were used in this study for gene
expression analysis by Real Time PCR

Table 3: Normalized expression of genes in different grades, Invasion
depth and lymph node metastasis gastric cancer patients. Normalized
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amount of gene expression relative to an internal control gene
(GAPDH) is shown as mean ± standard deviation

.

E.

Correlation between FOXC1 and
SUZ12 expression levels in tumor
tissues

we first hypothesize that overexpression of this gene in
gastric tumors may be attributed to its role in EMT
regulating. EMT induces tumor-associated epithelial cells
to obtain mesenchymal features, which results in reduced
cell-cell contact and increased motility (Thiery JP, 2002).
The other proposed potential role in cancer progression for
FOXC1 is interaction with Notch and VEGF pathways
(Seo S, et al., 2006; Seo S, et al., 2012) which are
deregulated in gastric cancer (Yeh TS, et al., 2009; Zhao
R, et al., 2010). Regardless of different proposed potential
mechanism for FOXC1 function, our observation in this
study supports the putative role of FOXC1 as a molecule
that may be involved in epithelium originated stomach
cancer.

There was not any significant correlation between
expression level of SUZ12 (mean of the expression level:
0.8129±0.1691) and FOXC1 (mean of the expression level:
0.1345±0.098) in gastric adenocarcinoma tissues (r = 0.1812, p value = 0.1829).

IV. Discussion:
Members of the forkhead box (FOX) transcription
factors regulate different biological processes including
development and differentiation (Myatt SS and Lam EW,
2007). One of these members is FOXC1 which was
originally identified as a transcription factor playing an
important role in regulation of ocular development
(Lehmann OJ, et al., 2003). Later, its transcript was
detected in multiple human organs and recently, FOXC1
was recognized as a potential regulator of differentiation
(Lehmann OJ, et al., 2003).
Accumulating evidence for alteration of FOXC1
expression in various types of human cancer suggests that
it plays a key role in tumor biology. Du et al. reported that
invasion and metastasis of breast cancer cells decreased in
response to FOXC1 over expression (Du J, et al., 2012).
Also Zhou et al., showed that the expression of FOXC1
was lower in ovarian cancer than in normal primary
endometrial (Zhou Y, et al., 2002). Interestingly, in some
other studies it has been reported that FOXC1 increases
invasion and metastasis in endometrial and breast cancer
models (Chung TK, et al., 2012; Ray PS, et al., 2010).
Also, over expression of FOXC1 is observed in other
kinds of malignant tumors including hepatocellular
carcinoma (Xia L, et al., 2012), prostate cancer (PeraldoNeia C, et al., 2011), lung cancer (Wei LX, et al., 2013) ,
and pancreatic cancer (Wang L, et al., 2013). In spite of
different studies whose conflictions may be attributed to
the context and origination of tumors, the styles of studies,
or distinct roles of FOXC1 in different cancer types, no
studies have reported the clinicopathologic significance of
FOXC1 in gastric adenocarcinoma tumors. In this study,
we present the first evidence that FOXC1 expression levels
are up-regulated in gastric adenocarcinoma compared to
normal gastric tissues. Based on the previous studies on
up-regulation of FOXC1 expressions in cancer progression
(Chung TK, et al., 2012; Ray PS, et al., 2010), our data are
in concordance with these studies.
Gastric adenocarcinoma is a malignant epithelial tumor,
originating from glandular epithelium of the gastric
mucosa. Studies have shown that the aberrant activation of
Epithelial to Mesenchymal transition process can play a
vital role in adult epithelia cancers (Natalwala A, et al.,
2008). Since FOXC1 is involved in EMT progression
(Bloushtain-Qimron N, et al., 2008; Xia L, et al., 2012),

We evaluated the relationship between FOXC1
expression and various clinicopathological parameters in
gastric tumors. Although the numbers of samples were
distributed well in different groups, we didn't find any
significant
association
between
clinopathological
parameters and FOXC1 expression. However, despite the
lack of statistical significance, there was a trend that the
expression of FOXC1 was correlated with grade, invasion,
and lymph node metastasis. The results may open vistas
for the researchers and the statistical significance may be
obtained with large scale follow-up study.
Using Roc curve analysis, the AUROC (Area under curve)
identified optimal sensitivity and specificity levels, which
can be used to distinguish normal tissues from tumor
ones. So, it seems that FOXC1 expression level may be a
good potential biomarker to diagnose gastric
adenocarcinoma tissues.
Du et al. claim that Polycomb Repressive Complex 2
functions via targeting FOXC1 and expression level of
FOXC1 is negatively correlated with PcG genes such as
SUZ12 (Du J, et al., 2012). We wondered how and whether
this correlation might be in gastric adenocarcinoma tissues.
Finding any correlation between these genes might reveal
new insights into their roles in gastric adenocarcinoma
progression. In normal adult tissues, expression of PRC2
complex members such as SUZ12, EZH2 (enhancer of
zeste homolog 2), and EED (Embryonic Ectoderm
Development) is very low (Kirmizis A, et al., 2004;
Kuzmichev A, et al.), suggesting that the Polycomb
repressive complexes may not play a major role in normal
differentiated tissues. In contrast, these proteins have been
shown to be present at high levels in a variety of human
tumors. PRC2 complex promotes gene repression through
epigenetic modification of histones. This complex trimethylates H3K27 in its different target genes (Squazzo
SL, et al., 2006). We measured mRNA expression level of
SUZ12 in gastric tumors and found that there is not any
significant correlation between SUZ12 and FOXC1 mRNA
expression levels in tumor tissues. This result may not
support the idea that FOXC1 expression is correlated with
5
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SUZ12 expression in gastric cancer (Du J, et al., 2012).
Squazzo et al., in a study using variety of ChIP-chip
approaches, identified a large set of SUZ12 target genes in
different human cell lines and found that SUZ12 target
promoters are cell type specific (Squazzo SL, et al., 2006).
So, targets of SUZ12 may be different in various tissues
such as gastric and breast.
In summary, in this study we assessed expression level of
FOXC1 in gastric adenocarcinoma and their normal
adjacent tissues. We demonstrated up-regulated expression
level of this gene in tumor tissues compared with normal
ones and demonstrated its potential to discriminate
between tumor and normal gastric tissues. There are some
recent reports about the relation between deregulation
of forkhead box (FOX) genes and gastric tumorigenesis
(Cheng AS, et al., 2013; Jiang C, et al., 2011; Ma GF, et
al., 2013) but based on our knowledge, the current study is
the first that presents an evidence for deregulation of
FOXC1 in gastric cancer. Accordingly, FOXC1 can be
considered as a potential novel therapeutic target for
gastric cancer. Further studies are needed to disclose roles
of this gene still further.
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