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Objective.To investigate the association of FXYD-3 expressionwith clinicopathological variables andPINCH in patientswith ESCC.
Patients andMethods.Expression of FXYD-3 proteinwas immunohistochemically examined in normal esophagealmucous (𝑛 = 20)
and ESCC (𝑛 = 64). Results. Expression of FXYD-3 in the cytoplasmmarkedly increased from normal esophageal epithelial cells to
primary ESCC (𝑃 = 0.001).The expression of FXYD-3 was correlated with TNM stages and depth of tumor invasion. Furthermore,
the cases with lymph node metastasis tended to show a higher frequency of positive expression than those without metastasis
(𝑃 = 0.086), and FXYD-3 expression tended to be positively related to the expression of PINCH (𝑃 = 0.063). Moreover, the cases
positive for both proteins had the highest frequency of lymph node metastasis (𝑃 = 0.001). However, FXYD-3 expression was not
correlated with patient’s gender (𝑃 = 0.847), age (𝑃 = 0.876), tumor location (𝑃 = 0.279), size (𝑃 = 0.771), grade of differentiation
(𝑃 = 0.279), and survival (𝑃 = 0.113). Conclusion. Overexpression of FXYD-3 in the cytoplasm may play an important role in the
tumorigenesis and development in the human ESCC, particularly in combination with PINCH expression.

1. Introduction

Esophageal squamous cell carcinoma (ESCC) ranks among
the 10 most common cancers in the world and also is one
of the most poorly controlled malignancies in the People
Republic of China, especially in the area of the Taihang
Mountains. To date, surgical resection remains the first treat-
ment. However, nearly 95% of surgically resected patients
with advanced esophageal cancer succumb to recurrent
or metastatic disease within 5 years [1]. Accordingly, it is
necessary to investigate the mechanism of tumorigenesis and
metastasis of ESCC.

The FXYD proteins constitute a family of conserved
auxiliary subunits of theNa, K-ATPase and have been focused

in biomedicine field recently due to their ability to finely
regulate the activity of the enzyme complex in various
physiological and pathological settings [2]. Inmammals there
are a total of seven FXYDproteins including phospholemman
(FXYD-1), of which all but FXYD-6 have been shown to
be tissue-specific modulators of Na, K-ATPase [3]. FXYD3,
also known as Mat-8 (mammary tumor, 8 kDa), is a member
of FXYD family and was originally cloned from murine
mammary tumors induced by the neu and ras oncogenes
[4]. Although it is a member of the FXYD family, it differs
from the most of the other members. It has a signal peptide
that is uncleaved and completely different by being the only
one with two transmembrane domains. The other members
have only one transmembrane domain [2]. It is reported
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that FXYD-3 is expressed not only in normal tissues but
also in tumors. In normal tissues it is mainly expressed in
the urinary bladder, uterus, lung, stomach, colon, and skin
[4, 5]. And in the tumors, it has been found in breast cancer,
colon cancer, bladder cancer, benign and malignant prostate
tumors, as well as pancreatic ductal adenocarcinoma [5–
9]. Interestingly, in some types of cancers such as breast,
pancreatic, and androgen-dependent prostate cancer, it is
overexpressed, whereas it seems to be downregulated in
androgen-independent prostate cancer and kidney cancer [5–
7].Moreover, some recent studies showed that FXYD-3might
be a promising biomarker for detecting metastasis in some
cancers [8–12]. However, to the best of our knowledge, no
study has been done in ESCC.

Particularly interesting is that new cysteine-histidine
rich protein (PINCH) is an adapter protein, which consists
primarily of five LIM (double zinc finger) domains, and
the gene is located on chromosome 2q12.2. Studies showed
that PINCH was involved in cell adhesion, migration, and
apoptosis [13, 14]. PINCH protein can interact directly with
integrin-linked kinase (ILK) and Nck-2 protein and is asso-
ciated with integrin signaling and growth factor signaling
pathway [15–18]. It has been observed that PINCH expression
is upregulated in many types of malignancies, including oral
and ESCC, colorectal, pancreatic, skin, breast, lung, and
prostate cancer and endometrioid endometrial carcinoma, as
well as gliomas [19–27]. PINCH localizes to the peritumoral
stromal cells, especially at the tumors invasive edges [19].
Furthermore, PINCH is an independently prognostic factor
in patients with colorectal cancer [20]. Our previous study
on the same series of the cases used in the present study
demonstrated that PINCH expression was upregulated in
ESCC compared to normal esophageal squamous cells, and
further the strong expression of PINCHwas related to lymph
node metastasis [25]. Recent studies have shown that genesis
and metastasis of tumors are the result of the interaction
between tumor cells and tumor-associated stromal cells
[28]. Therefore, it is of significance to explore whether
there is a correlation between FXYD-3 expression in tumor
cells and PINCH expression in the stromal cells in human
ESCC.

The aim of the present study was to investigate FXYD-
3 expression in ESCC compared with normal esophageal
mucosa and further to analyze the relationship of FXYD-
3 expression in ESCC with PINCH expression or clinico-
pathological variables, including patients’ gender, age, tumor
location, size, depth of invasion, lymph node status, the grade
of differentiation, TNM stages, and survival.

2. Patients and Methods

2.1. Patients. Formalin-fixed paraffin-embedded tissue sam-
ples were obtained from 64 ESCC patients who underwent
surgical resection at the First Hospital of Hebei Medical
University (Shijiazhuang, Hebei Province, China), between
2000 and 2004. The study included 20 distant normal
mucosa specimens (all of which were matched with the
primary tumors) taken from the margin of distant resection.

The primary tumors were located in the upper, middle, and
lower sections of the esophagus in 7, 36, and 21 cases,
respectively, and 20 cases with lymph node metastasis. None
of the patients had received preoperative radiotherapy or
chemotherapy. The patients’ gender, age, tumor location,
size, depth of invasion, lymph node status, the grade of
differentiation, and TNM stage [29] were obtained from
surgical and/or pathological records at the hospital. The
mean age of the patients was 59.5 years old (range 41–
78 years). According to the WHO classification, the tumor
differentiation was graded as grade I (high differentiation: 20
cases), grade II (moderate differentiation: 39 cases), and grade
III (low differentiation: 5 cases), respectively [1]. The patients
were followed up until March 2013, and 26 patients were
lost to followup. All pathological slides, including normal
specimens and tumors, were confirmed by two pathologists
(Z. L. Zhu and Z. M. Wang). The study was approved by
the ethical committee of the First Hospital of Hebei Medical
University, Shijiazhuang, Hebei, China. Written informed
consent was obtained from the patients.

Data of PINCH immunohistological staining in ESCC
were obtained from our previous study carried out at our
laboratory, the First Hospital of Hebei Medical University.
According to the intensity of PINCH staining in the tumor-
associated stromal cells, PINCH expression was graded as
negative group (none or <20% of positive cells) and positive
group (≥20% positive cells) [25].

2.2. Immunohistological Staining and Evaluation. Immuno-
histochemical staining was performed on 5 um thick for-
malin-fixed paraffin-embedded sections. The sections were
incubated at 60∘C for 12 hours, deparaffinized, and then
rehydrated. The sections were transferred to 0.01M Tris-
EDTA buffer (pH9.0) and subjected to high pressure cooker
(100∘C) for 8 minutes and incubated at room temperature
for 30 minutes for antigen retrieval. The sections were
then washed in phosphate buffered saline (PBS, pH7.4) and
incubated with 3% H

2
O
2
in methanol for 20 minutes, to

block endogenous peroxidase activity. Nonspecific binding of
antibody was prevented by preincubating the sections with
1.5% horse serum (Fuzhou Maxim Biotechnology Co., Ltd.,
Fuzhou, Fujian, China) in PBS for 10minutes. After removing
the blocking solution, the sections were incubated with a
monoclonal anti-FXYD-3 primary antibody (provided kindly
by Professor Hanswalter Zentgraf, Applied Tumor Virol-
ogy, University of Heidelberg, Heidelberg Germany) in 1 : 2
diluted in PBS (pH7.4) over night at 4∘C in a moist chamber.
Subsequently, the sections were incubated with biotinylated
anti-rabbit IgG antibody (FuzhouMaxim Biotechnology Co.,
Ltd.) at room temperature for 30 minutes, followed by an
incubation of an avidin-biotin-peroxidase complex (Fuzhou
Maxim Biotechnology Co., Ltd.) at room temperature for
30 minutes. The sections were washed with PBS between
each incubation step. The peroxidase reaction was devel-
oped using 3.3 diaminobenzidine (DAB) (Fuzhou Maxim
Biotechnology Co., Ltd.) at room temperature for 8 minutes.
Then, the sections were rinsed with water and counterstained
with Mayer’s haematoxylin and then washed, dehydrated in
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Figure 1: A negative control (a breast cancer known for positive FXYD-3), where the primary FXYD-3 was replaced by PBS, showed no
staining of the FXYD-3 in tumor cells (→ ) (a). Immunohistochemical assay for FXYD-3 expression in esophageal squamous cell carcinoma
(ESCC). FXYD-3 was weak expression in normal mucosa, mainly located in the basal cell layer (→ ) (b), and strong expression in primary
tumor cells (→ ) (c).

ethanol, andmounted with xylene-basedmountingmedium.
The breast cancer sections known to stain for positive FXYD-
3 were included as negative (using PBS instead of the primary
antibody) and positive controls in all runs. There was no
staining in the negative controls (Figure 1(a)), while the
positive controls showed clear staining.

The stained sections were microscopically examined and
evaluated independently by two pathologists (Z. L. Zhu and
Z. M. Wang) with no knowledge of the clinicopathological
information. Cytoplasmic staining was considered as FXYD-
3 positive expression. According to the percentage of the
positive staining cells, we graded FXYD-3 expression as
negative (no positive cells or<5%positive cells), weak (5–25%
positive cells), moderate (26–50% positive cells), and strong
positive (>50% positive cells), irrespective of the staining
intensity [30]. In statistical analysis, we considered negative
andweak staining as negative group andmoderate and strong
staining as positive group. In order to avoid artificial effects,
tissues in the areas with poor morphology and necrosis and
in the margins of the sections were not considered.

2.3. Statistical Analysis. The statistical analyses were per-
formed by using SPSS version 13.0 software. The Chi-square
test was used to examine the correlation between the frequen-
cies of FXYD-3 expression in normal esophageal mucosa and
ESCC, the correlation between FXYD-3 expression in cancer
and clinicopathological variables or PINCH expression, and
the relative risk of FXYD-3 expression related to ESCC.
Spearman rank correlation analysis was used to examine
the correlation between FXYD-3 expression and PINCH
expression in lymph node metastasis. All 𝑃 values cited

were two sided and 𝑃 < 5% was considered to indicate a
statistically significant difference.

3. Results

3.1. FXYD-3 Expression in Normal Mucosa and Primary
Tumor. We examined FXYD-3 protein expression in normal
esophageal mucosa and ESCC and found that the positive
expression of FXYD-3 was in the cytoplasm of normal
epithelial cells (Figure 1(b)) and cancer cells (Figure 1(c)), and
there was no nuclear staining. In the 20 specimens of normal
mucosa, 11 cases were negative (55%) and 9 were positive,
including 6 (30%) cases with weak, 2 (10%) moderate, and
1 (5%) strong staining; positive staining was mainly located
in the basal cell layer (Figure 1(a)). Among 64 cancers, there
were 16 (25%) negative, 10 (16%) weak, 10 (16%) moderate,
and 28 (43%) strong expressed cases.

Figure 2 presents the frequency of FXYD-3 expression
in normal mucosa and ESCC; the rate of positive FXYD-3
expression in cancerwas 59% (38/64), whichwas significantly
higher than that in the normal mucosa (15%, 3/20, 𝑋2 =
12.009, 𝑃 = 0.001). The relative risk of FXYD-3 expression
related to ESCC was 8.282; 95% CI was 2.202–31.155.

Furthermore, we also observed the expression of FXYD-3
at the invasive margin and the inner part of the tumor in all
64 ESCCs; there was no obvious difference between the two
sites.

3.2. FXYD-3 Protein Expression in Relation to Clinicopatholog-
ical Variables and PINCHExpression in ESCCs. Table 1 shows
the relationship between FXYD-3 expression in tumors and
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Figure 2: Frequency of FXYD-3 immunohistochemical staining in
normal esophageal mucosa and esophageal squamous cell carci-
noma (ESCC) (𝑃 = 0.001).

the clinicopathological variables. The expression of FXYD-
3 was correlated with TNM stages and depth of tumor
invasion.Therewas a higher frequency of FXYD-3 expression
in stage II + III + IV, 68%, and in group muscularis and
adventitia, 66%, than in stage I, 29%, and in group mucosa
and submucosa, 36%, respectively (𝑃 = 0.008 and 𝑃 =
0.041). The cases with lymph node metastasis tended to
show a higher frequency of positive expression than those
without metastasis (75 versus 52%, 𝑃 = 0.086). The FXYD-
3 expression was not significantly correlated with patients’
gender (𝑃 = 0.847), age (𝑃 = 0.876), tumor location (𝑃 =
0.279), tumor size (𝑃 = 0.771), grade of differentiation (𝑃 =
0.279), and survival (𝑃 = 0.113).

In addition, in our previous study [25], we found that
PINCH expression was not correlated with patients’ gender,
age, tumor location, tumor size, and grade of differentiation
(𝑃 > 0.05). However, we also found that PINCH expression
was upregulated in the stromal cells of ESCC, and the
strong expression of PINCH (Figure 3) was related to lymph
node metastasis. In the present study, we further analyzed
the relationship between FXYD-3 expression and PINCH
expression which was studied in our previous paper on the
same samples of ESCCs. The results showed that FXYD-
3 expression tended to be positively related to the PINCH
expression in all 64 ESCCs (Table 1). Of the 36 cases with
PINCH positive expression, 25 (69%) cases were FXYD-3
positive and 11 (31%) cases were FXYD-3 negative. However,
in 28 cases with PINCH negative expression, there were 13
(46%) cases for FXYD-3 positive and 15 (54%) cases for
FXYD-3 negative (𝑋2 = 3.459, 𝑃 = 0.063). Moreover,
we also analyzed the relationship of both of the expressions
FXYD-3 and PINCH with the lymph node metastasis and
found that the cases positive for both the proteins had the
highest frequency of lymph node metastasis (15/20, 75%),
cases negative for both the proteins had the lowest frequency
of the metastasis (2/20, 10%), and cases positive for either
protein had a moderate frequency (3/20, 15%) of lymph node

Figure 3: Particularly interesting new cysteine-histidine rich pro-
tein (PINCH), as a marker for stromal cells, was upregulated in the
stromal cells (→ ), predicting the ability of invasion and metastasis
of ESCC.

metastasis. Table 2 showed the correlation between FXYD-
3 expression and PINCH expression in 20 cases with lymph
node metastasis.

4. Discussion

TheFXYD proteins constitute a family of conserved auxiliary
subunits of the Na, K-ATPase and have been the study focus
in biomedicine field recently due to their ability to finely regu-
late the activity of the enzyme complex in various physiolog-
ical and pathological settings [2]. The FXYD protein family
contains seven members that are small, single-span mem-
brane proteins characterized by a signature sequence contain-
ing an FXYD motif and three other conserved amino acid
residues [2, 31]. Recent evidence suggests that all members
including FXYD-1 (phospholemman) [32], FXYD-2 (gamma
subunit of Na, K-ATPase) [33], FXYD-3 (phospholemman-
like protein, PLML) [4], FXYD-4 (corticosteroid hormone-
induced factor, CHIF) [34], FXYD-5 (protein related to ion
channel, Ric) [35], FXYD-6 (phosphohippolin) [36], and
FXYD-7 [37] associate with Na, K-ATPase in a tissue-specific
way and modulate its transport properties.

FXYD-3 has been reported to be located on the both
surface and cytoplasm in some cancer cells such as gastric
and colon cancer cells [38, 39]. The present study also
showed that the positive staining of FXYD-3 was located
in the cytoplasm of ESCC. These results suggested that
FXYD-3 might be a marker for tumor cells. In order to
investigate the specific location of FXYD-3 expression in cells,
Arimochi research group [38, 40] detected the expression of
FXYD-3 in Chinese hamster ovary-K1 (CHO-k1) cells and
human colorectal cancer cells and reported that the FXYD-
3 expression was distributed in the intracellular membranes,
being not only detected around the nuclear envelop but also
partly overlapping with an endoplasmic reticulum marker.
Furthermore, the spherical structures observed were not co-
localized with markers for lysosomes, endosomes, and Golgi
bodies, suggesting that FXYD-3 is distributed in a distinct
endoplasmic reticulum region and the nuclear envelope after
synthesis on membrane-bound ribosomes.

FXYD-3 has been detected in some normal tissues (such
as the brain, lung, stomach, colon, intestine, liver, pancreas,
prostate, skin, etc.) [31, 41, 42] but overexpressed in a growing
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Table 1: The relationship of FXYD-3 protein expression with clinicopathological and biological variables in the patients with ESCC.

Variables 𝑁

FXYD-3 expression
𝜒
2

𝑃 value
Negative (%) Positive (%)

Gender
Male 50 20 (40) 30 (60) 0.037 0.847
Female 14 6 (43) 8 (57)

Age (years)
≤50 19 8 (42) 11 (58) 0.025 0.876
>50 45 18 (40) 27 (60)

Tumour location
Upper 7 3 (43) 4 (57)

2.556 0.279Middle 36 14 (39) 22 (61)
Lower 21 9 (43) 12 (57)

Tumour size (cm)
≤3 26 10 (38) 16 (62) 0.085 0.771
>3 38 16 (42) 22 (58)

Lymph node status
Nonmetastasis 44 21 (48) 23 (52) 2.944 0.086
Metastasis 20 5 (25) 15 (75)

Grade of differentiation
I 20 11 (55) 9 (45)

2.556 0.279II 39 13 (33) 26 (67)
III 5 2 (40) 3 (60)

Depth of invasion
Mucosa and submucosa 14 9 (64) 5 (36) 4.159 0.041
Muscularis and adventitia 50 17 (34) 33 (66)

TNM stage
I 14 10 (71) 4 (29) 7.049 0.008
II + III + IV 50 16 (32) 34 (68)

Survival (years)
≥5 11 8 (73) 3 (27) 2.508 0.113
<5 27 12 (44) 15 (56)

PINCH
Negative 28 15 (54) 13 (46) 3.459 0.063
Positive 36 11 (31) 25 (69)

ESCC: esophageal squamous cell carcinoma.
PINCH: particularly interesting new cysteine-histidine rich protein.

Table 2: Correlation between FXYD-3 expression and PINCH
expression in 20 cases with lymph node metastasis.

Variables 𝑁

PINCH expression
𝑟 𝑃 value

Negative (%) Positive (%)
FXYD-3

Negative 5 2 (40) 3 (60) 0.577 0.008
Positive 15 0 (0) 15 (100)

number of tumors and tumor cell lines including cancer in
the breast [4], androgen-dependent prostate [7], pancreas
[31], stomach [39], kidney, and bladder [8]. Furthermore,
siRNA-mediated knockdown of FXYD-3 showed a reduction

in the proliferative activity of both PC-3 and LNCaP prostate
cancer cells [6] and T3M4 pancreatic cancer cells [5] in vitro.
These findings suggested a potential role of FXYD-3 in the
development and progression of these cancers.

In the present study, we found that the positive staining
of FXYD-3 in the normal mucosa was mainly located in the
basal cell layer where the basal cells havemore strong capacity
of proliferation and repair and can differentiate into squa-
mous epithelial cells. This result, to a certain extent, indicates
that FXYD-3may involve in the cellular proliferation and dif-
ferentiation. In addition, we found that the frequency of the
positive FXYD-3 expression was significantly higher in the
primary tumor compared to the normal mucosa and in the
cases with lymph nodemetastasis compared to those without
metastasis. Moreover, we also found that the expression of
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FXYD-3 was correlated with TNM stages and depth of tumor
invasion.These results indicate that there may be a change in
FXYD-3 expression during tumor development from normal
tissue to primary tumor, and overexpression of FXYD-3 may
promote cell growth, acting as an oncogene, and be related to
the tumorigenesis and development.

However, interestingly, in contrast to the above results,
FXYD-3 expression was reported to be downregulated in
androgen-independent prostate cancer [7] and lung cancer
[43], suggesting that FXYD-3 might be a potential tumor
suppressor gene. Moreover, Okudela et al. [43] also found
that the forced expression of oncogene KRAS reduced the
expression of FXYD-3 inNHBE-T cells, whichwas in contrast
to the initial observation that FXYD-3 was highly expressed
in oncogenic ras-initiated murine breast tumors [41]. So,
taken above together, the regulation of FXYD-3 expression
and its role in tumorigenesis and development are assumed
to differ among the type of cancer, species, or subtype of the
RAS oncogene, and the disordered expression itself, whether
strong or weak, might affect cellular homeostasis resulting in
the transformation.

Recently, in order to study the mechanism of role of
FXYD-3 in tumorigenesis, Bibert et al. [44] used human
colon adenocarcinoma cell line (Caco-2) to investigate the
effect of FXYD-3 silencing on cell proliferation, differentia-
tion, and apoptosis, and Na, K-ATPase activity and expres-
sion. Their results showed that FXYD-3 silencing had no
effect on cell proliferation but could promote cell apoptosis
and prevent cell differentiation of Caco-2 cells. From those
results, they supposed that the most possibility was that
FXYD-3 silencing prevented a proper regulation of Na, K-
ATPase, which led to perturbation of cellular Na+ and K+
homeostasis and changes in the expression of Na, K-ATPase
isozymes, whose properties were incompatible with Caco-2
cell differentiation. Overall, the role and its mechanism of
FXYD-3 expression in tumorigenesis remain unclear. This
issue will promote us to further study in the future.

Gordon et al. [45] studied the expression of FXYD-3
protein in lung adenocarcinomas and found that FXYD-3
expression was positively related to poorer survival of the
patients. However, in the present study, our results revealed
that there was no correlation between the survival and
the expression of FXYD-3 protein, although the FXYD-
3 expression was correlated with TNM stages and depth
of tumor invasion, which might, at least in part, indicate
poor survival. We think these different results might be
explained by several reasons such as different case number
and clinicopathological features, methods, and criteria for
determining positive expression of FXYD-3 as well as statistic
methods in these studies.

Additionally, it has been proven that FXYD-3 can adjust
cell microenvironment, which may affect cellular adhesion
andmigration, by interactionwithNa,K-ATPase [46]. Recent
studies [47–49] have also suggested that FXYD-3 could reg-
ulate indirectly the development of tight junctions through
its interaction with Na, K-ATPase, to promote cellular polar-
ization and differentiation. Moreover, the change of FXYD-3
expression might be involved in the epithelial-mesenchymal
transition, namely, a type of interaction between tumor cells

and stromal cells, which is linkedwith the vigorousmigration
and invasion of cancer cells [48]. While PINCH protein
is an adapter protein and localizes to the cytoplasma and
cell-matrix adherens junctions in cell lines, especially in
peritumoral stromal cells as a marker for tumor-associated
stromal cells. And PINCH, also through involvement in the
tumor-stromal interaction, can promote tumor invasiveness
and development [17, 19]. From these studies, we found
that both of these proteins were involved in cell adhesion
and migration and participated in the interaction between
tumor cells and stromal cells, although FXYD-3 was mainly
expressed in the tumor cells, while PINCH was mainly
expressed in the stromal cells. Recent studies have shown
that genesis and development of tumors are the result of
the interaction between tumor cells and stromal cells [28].
Therefore, it is of significance to explore whether there is a
correlation between FXYD-3 expression in tumor cells and
PINCH expression in the stromal cells. Perhaps, this may
open up a new idea for the study on tumorigenesis and
development.

In our previous study, we found that PINCH expression
was not correlated with patients, gender, age, tumor location,
size, and differentiation, while we also found that PINCH
expression was upregulated in the stromal cells of ESCCs
and the strong expression of PINCH was related to lymph
node metastasis. So, in order to explore the correlation
between expression of FXYD-3 and expression of PINCH
in ESCCs, in the present study, we further compared the
FXYD-3 expression with the PINCH expression in ESCCs,
and found that FXYD-3 expression tended to be positively
related to the expression of PINCH in the primary tumors,
although the correlation coefficient is lower (𝑟 = 0.232, 𝑃 =
0.063). More importantly, we further observed that the cases
positive for both the proteins had the highest frequency of
the lymph nodemetastasis (15/20, 75%), the cases negative for
both the proteins had the lowest frequency of the metastasis
(2/20, 10%), and the cases positive for either protein had a
moderate frequency (3/20, 15%, 𝑃 = 0.008). The results, at
least in part, suggested that FXYD-3 might cooperate with
PINCH in the metastasis of ESCC, although the samples
were smaller. Taking together with our previous study of
PINCH expression in ESCC [25], we guess that, during
tumor development and metastasis, FXYD-3 in the tumor
cells, through involvement in cell adhesion and interaction
between tumor cells and stromal cells, may interact with
PINCH, although the mechanism remains unclear. FXYD-3
may act as a driving machine, while PINCH acts as a tractor;
both of them cooperate to promote tumor invasiveness and
development. This hypothesis needs to be proven in the
future.

5. Conclusion

The results suggest that overexpression of FXYD-3 in the
cytoplasm may play an important role in the tumorigenesis
and development in the human ESCC, at least in part,
particularly in combination with PINCH expression.
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