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Musashil, a potential prognostic marker in
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Abstract. Esophageal cancer ranks as the sixth leading
cause of cancer-related deaths worldwide. Cancer stemness is
mainly considered to be the key factor for cancer recurrence
particularly in esophageal cancer. It is important to identify
cancer stem cell markers as targets in future therapies. The
present study aimed to investigate the expression of putative
cancer stem cell-related marker musashil (Msil) and assess
the correlation with clinicopathologcal status of esophageal
squamous cell carcinoma (ESCC) cases. We then clarified the
role of Msil in esophageal cancer cells during proliferation,
apoptosis, sphere formation and migration. Finally, we inves-
tigated the relationship of Msil with the prognosis of ESCC
patients. ESCC tissue samples from 93 patients and 20 paired
histologically normal tissues were procured for immunohis-
tochemical analysis. We analyzed the characteristics of Msil,
using sphere formation and anchorage independent growth.
Moreover, using flow cytometry and Cell Counting Kit-8
(CCK-8) assay, we investigated the role of Msil in cancer cell
proliferation and apoptosis. Furthermore, we clarified the role
of Msil in the process of sphere formation and migration of
ESCC cells through knockdown of Msil expression by siRNA
in ESCC cell lines. The results revealed that there was a higher
expression of Msil in ESCC specimens compared with normal
tissues. In addition, Msil expression was significantly asso-
ciated with clinical stage and lymph node metastasis. Most
importantly, the increased immunocytochemical staining of
Msil in spheroid cells revealed the stemness characteristics
of Msil in ESCC. In addition, we found that silencing of Msil
decreased cell proliferation, migration and induced apoptosis
in TE-7 and KYSE70 cells. Furthermore, downregulation of
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Msil attenuated the sphere formation ability of ESCC cells.
Patients with higher expression of Msil had a shorter survival.
In conclusion, Msil acts as a stemness-associated gene in
esophageal cancer cell lines and could serve as a prognostic
marker in patients with ESCC.

Introduction

Esophageal cancer is one of the most aggressive gastro-
intestinal cancers ranking as the sixth leading cause of
cancer-related deaths worldwide (1). Approximately 70% of
global esophageal cancer cases occur in China, and squamous
cell carcinoma accounts for 90% of these histopathologically
diagnosed cases (2). Early therapeutic intervention is often
hampered due to the insidious advancement of the disease,
and poor elucidation of its cellular and molecular mechanism
underlying its initiation and progression.

Carcinogenesis is a complex multistep process, in which
numerous studies propose that tumor-initiating cells (TICs) or
cancer stem cells (CSCs) are significant for its development (3).
CSCs were first identified in human hematopoietic malignan-
cies and then in several other solid tumors such as cancers of
the brain (4), breast (5), prostate (6), colon (7), pancreas (8) and
lung (9). However, their presence and identity in esophageal
squamous cell carcinoma (ESCC) is yet to be defined. Lack of
appropriate biomarkers unusually expressed by this subset of
cancer cells is the main challenge.

Despite the fact that there are various studies affirming
the role of aberrant expression of cancer stem-related markers
CD90 (10), ALDHI (11) and p75N™ (12) in the progression
of ESCC and the clinicopathological status of patients, the
RNA-binding protein, musashil (Msil) which was initially
identified in Drosophila melanogaster by its ability to regulate
asymmetric cell division of neural and epithelial progenitor
cells, has yet to be studied in relation to this disease (13). In
mammals, Msil mainly expressed in stem and progenitor cells
can regulate memory (14). In recent years, the role of Msil
in tumors has attracted increasing interest. Recently, it was
recognized as candidate cancer stem cell marker in pulmo-
nary (15), colorectal (16), intestinal (17,18), endometrial (19),
breast (20), gallbladder (21) and cervical squamous cell
carcinomas (22). In addition, the latest studies show that Msil,
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as the upstream protein of oncogenic and epigenetic signals,
promoted poor prognosis and chemoresistance through the
activation of the Akt pathway and IL-6 secretion (23,24).
Moreover, a recent study speculated that Msil may be corre-
lated with Notchl expression in esophageal cancer (25), but no
experimental studies have verified its impact on the develop-
ment of esophageal cancer. In the present study, we set out to
investigate the expression and clinicopathological significance
of the putative cancer stem cell marker Msil in ESCC clinical
samples and determine whether Msil plays a significant role
in the proliferation, apoptosis, sphere formation and migration
of esophageal cancer cell lines.

Materials and methods

Ethical standard and informed consent. All procedures
performed in the present study involving human partici-
pants were in accordance with the ethical standards of the
Institutional and/or National Research Committee and with
the 1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. Informed consent was obtained
from all individual participants included in the present study.

Cell lines. The TE-7 and KYSE70 cell lines (donated by
Professor Mingzhou Guo, General Hospital of the Chinese
People's Liberation Army) as well as TE-1, EC109, EC9706 and
ECl1 cell lines (donated by Professor Qingxia Fan, Department
of Oncology, The First Affiliated Hospital of Zhengzhou
University) in esophageal cancer research were preserved in
our laboratory and maintained in RPMI-1640 medium supple-
mented with 10% fetal bovine serum (both from HyClone,
Logan, UT, USA), 100 U/ml of penicillin, and 100 pg/ml of
streptomycin at 37°C and an atmosphere of 5% CO,.

Clinical samples for gPCR and immunohistochemistry.
Sixty-nine paired ESCC and adjacent non-cancerous tissues
were previously collected and stored (2012-2014) for qPCR.
Tissues were provided by the Department of Thoracic Surgery,
The First Affiliated Hospital of Zhengzhou University, with
confirmed histopathological results. Informed consent was
obtained from each patient, and the collection of the samples
was approved by the local Ethics Committee. Information
pertaining to clinicopathological parameters was also avail-
able. Thick (5-um) formalin-fixed paraffinized tissue sections
were prepared from carcinomas derived from 93 tumors and
20 matched adjacent normal tissues. Informed consent was
obtained from the patients or their guardians. None of the
patients received any radiotherapy or chemotherapy before
surgery.

RNA extraction, cDNA synthesis and quantitative real-time
PCR. Total RNA was extracted from the cell lines and clinical
samples using TRIzol reagent (Invitrogen Life Technologies,
Carlsbad, CA, USA). cDNA was synthesized from RNA using
PrimeScript RT reagent kit with gDNA Eraser (Takara, Shiga,
Japan). RT-PCR and qPCR were performed to detect the
expression of Msil in ESCC cell lines and clinical samples.
GAPDH was used as an internal control. With the AACq
method, we compared the expression level of clinical samples
and cell lines (26).
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Western blotting. Protein was extracted from the cell lines
using an Ultrasonic Cell Cracking Apparatus. After denatur-
ation, the samples were separated using 10% SDS-PAGE and
transferred to NC membranes (G&E) for 2 h. After incubation,
the bands were exposed using Bio-Rad with enhanced chemi-
luminescence (ECL). The exposure time was ~1 min.

Immunohistochemistry. For subsequent immunohisto-
chemical analysis, aliquots of tissue sections were brought
to 65°C for 30 min, and then dewaxed in two consecutive
xylene washes for 15 min each and rehydrated in a series of
decreasing alcohol concentrations. Sections were washed with
phosphate-buffered saline (PBS) (pH 7.4) twice for 2 min.
Antigen retrieval was achieved by steaming slides for 20 min
in citrate buffer. H,O, (3%) was applied for 30 min to suppress
endogenous peroxidase activity. Sections were stained with
primary antibodies diluted with PBS (pH 7.4) according to the
manufacturer's instructions and incubated at 4°C overnight.
The samples were brought to room temperature for 1 h and
signal amplification and visualization were performed using an
avidin-biotin complex (ABC) and the substrate 3,3-diamino-
benzidine (DAB), respectively. Sections were counterstained
with hematoxylin (DingGuo Biotechnology Co., Ltd., Beijing,
China), washed in running water for 10 min and treated with
increasing serial concentrations of alcohol and two consecu-
tive xylene washes. Finally, the samples were mounted for
microscopic examination, immunoreactivity was scored using
Leica Application Suite Version 3 software, and microphoto-
graphs were captured using Leica inverted Microscopy Digital
Camera (magnification, x200).

Sphere formation assay. TE-T and KYSE-70 cells were resus-
pended in Dulbecco's modified Eagle's medium (DMEM)/F12
(Invitrogen Life Technologies) supplemented with 4 ug/ml
heparin (Sigma-Aldrich, St. Louis, MO, USA), B27 (1:50; Gibco,
Life Technologies, Carlsbad, CA, USA), 20 ng/ml epidermal
growth factor (EGF) and 20 ng/ml basic fibroblast growth factor
(FGF) (both from PeproTech, Rocky Hill, NJ, USA), penicillin
100 TU/ml and streptomycin 100 pxg/ml, and then seeded into
6-well ultra-low cluster plates (Corning Costar, Corning, NY,
USA). After being cultured for 6 days, we calculated the rate of
sphere formation and the spheres were collected and digested
for adherent culture and further analysis.

Immunocytochemistry. To validate the expression of Msil
in adherent and spheroid cells, immunocytochemistry was
performed in the TE-7 and KYSE70 cell lines. Collected
spheroid and adherent cells were transferred into the unused
wells of the ultra-low attachment 24-well plate, and cultured
for 8 h in stem culture medium. The medium was carefully
aspirated and the cells were gently rinsed with PBS twice
at room temperature and fixed using 4% paraformaldehyde.
Antibody staining and color visualization processes were
similar with those of immunohistochemistry. Finally, the cells
were maintained in PBS to avoid drying until microphoto-
graphs were captured using Leica inverted Microscopy Digital
Camera (magnification, x200).

Scoring and standardized IHC staining. A semi-quantitative
scoring approach which had previously been used (27-29)
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Figure 1. Expression of Msil is correlated with tumor stage and lymph node metastasis in human ESCC samples. (A) The qPCR analysis of Msil expression
was investigated in paired human ESCC specimens (T) and adjacent non-cancerous tissues (N). The correlation of Msil expression with clinicopathological
characteristics such as (B) stage, (C) lymphatic metastasis and (D) depth of invasion was analyzed in mRNA expression ('P<0.05, “P<0.01, “*"P<0.0001). Msil,

musashil; ESCC, esophageal squamous cell carcinoma.

was applied in the present study. Each tumor was graded
according to the intensity and the percentage of stained cells.
The intensity scores were as follows: 0, no staining; +1, weak;
+2, moderate; and +3, strong staining and the percentage of
stained cells was as follows: 0-5%, 0; 6-25%, +1; 26-50%, +2;
51-75%, +3; and 76-100%, +4. Finally, the scores were
combined by multiplying the intensity and the percentage of
positive cells. Using this method, the possible score range was
0-12. Accordingly, scores in the range of 0-4 (inclusive) were
considered as low (negative) and values >4 (6, 8, 9 and 12) as
high (positive).

Msil knockdown. Using Lipofectamine, siRNA was trans-
fected in TE-7 and KYSE70 cells. Then, we determined the
effectiveness of siRNA by qPCR.

Flow cytometric (FACS) analysis. To assess the apoptosis of
TE-7 and KYSE70 cells after transfection with Msil siRNA
or negative control we used flow cytometry. The cells were
collected and incubated with Annexin V binding buffer and
Annexin V antibody for half an hour at 4°C. After being
washed with buffer, the cells were resuspended in 300 ul of
buffer, stained with propidium iodide (PI) and analyzed using
a flow cytometer and CellQuest software (BD Biosciences,
San Diego, CA, USA).

CCK-8 analysis. To investigate the effect of Msil on the
proliferation of TE-7 and KYSE70 cells, we collected and
seeded cells into a 96-well plate. After adherence, we added
Cell Counting Kit-8 (CCK-8) solution at 0, 24 and 48 h and
detection followed using a microplate reader 1 h later.

Migration assay. To detect the role of Msil in the process of
ESCC cell migration, we carried out a Transwell assay. In this
experiment, we resuspended KYSE70 or TE-7 cells in culture
medium without serum and placed them in the upper chamber.
In addition, complete medium was added in the training
system. After 24 h, with fixation and staining, we observed the
number of cells that had migrated to the lower chamber.

Statistical analysis. All statistical analyses were performed
using SPSS 17.0 software. With paired or unpaired t-tests,
we analyzed the expression of Msil in cell lines and clinical
samples, as well as the difference of proliferation and apop-
tosis between si-Msil cells and the negative control group.
Overall survival rates were determined from the time of
curative surgery to the last follow-up contact dates or reported
dates of death and estimated using Kaplan-Meier analysis.
P-values <0.05 were considered to indicate a statistically
significant result.

Results

Msil expression is correlated with clinical stage and
lymphatic metastasis in patients with ESCC. Msil is consid-
ered as a cancer stem cell marker in pulmonary, colorectal
and breast cancer, and it regulates the tumorigenesis in tumor
models. We compared the expression of Msil in tumor and
adjacent non-cancerous tissues. As shown in Fig. 1A, Msil
was found to be significantly upregulated in cancer tissues
when compared with the corresponding non-tumor tissues
(P<0.0001, n=67). We hypothesized that Msil plays a critical
role in the progression of ESCC. In addition, we found
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Figure 2. Expression of Msil is enriched in esophageal cancer stem cells. (A) The incidence of Msil in different ESCC cell lines was detected through RT-PCR
and western blotting. (B) Msil expression was investigated in the monolayer of KYSE70 and TE-7 cells and matched sphere cells by immunocytochemistry.
(C and D) From the TCGA database, we analyzed the correlation between the expression of Msil and SOX2 and Notchl in ESCC (n=91). (E) We divided
the patients into two groups based on the expression of Msil, and determined that SOX2 had a significantly different expression in the two groups ("P<0.05,
P<0.01, *P<0.0001). Msil, musashil; ESCC, esophageal squamous cell carcinoma.

that there was a higher expression of Msil in the samples
from the patients suffering from lymph node metastasis or
advanced-stage ESCC (Fig. 1B, P=0.04; Fig. 1C, P=0.005).
However, there was no statistical significance in the depth of
invasion (Fig. 1D). On the whole, the aforementioned results

revealed that Msil may be an oncogene and act as a prognostic
marker in ESCC patients.

Msil expression is enriched in esophageal cancer stem cells.
Msil had a higher expression in the poorly differentiated ESCC
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Figure 3. Decrease of Msil promotes the apoptosis and inhibits the proliferation of esophageal cancer cells. (A) Msil mRNA expression was knocked down
in KYSE70 and TE-7 cells by transfection with small interfering RNA-siRNA. The knockdown efficiency was determined by qPCR. (B) The apoptosis
of KYSE70 and TE-7 cells before and after Msil knockdown was detected using flow cytometry. (C) The proliferation of KYSE70 and TE-7 cells was
investigated by Cell Counting Kit-8 assay. (D) SOX2 expression was investigated with gPCR and western blotting under Msil interference ("P<0.05, “P<0.01,
“P<0.0001). Msil, musashil.



QIN et al: Musashil, A POTENTIAL PROGNOSTIC MARKER IN ESOPHAGEAL SQUAMOUS CELL CARCINOMA

Table I. Patient characteristics in the present study.

Clinicopatho- Relative Msil
logical Msil expression
characteristics n=60  expression n=93 (score)
Sex
Male 42 25.38+£5.553 63 3.651+£0.3861
Female 18 11.37+4.841 30 3.6£0.5416
Age (years)
<60 27 16.31+4.055 34 2941104221
=60 33 27.14£7.885 59  4.0341+£0.4229
Lymph node
metastasis
Positive 20 26.13+£8.362 22 4.182+0.752
Negative 40 11.67+2.757 45  2.867+0.3964
Histological
grade
Gl1-2 36 17.97+5.12 36 3.694+0.5328
G3 24 24 42+7.348 30 5+0.5969
Invasion
T1-T2 27 9.169+2 31 38 3.357+0.5709
T3-T4 30 16.75+4.301 28  4.105+0.5528
Stage
I-TA 36 6.749+1.309 43 2.721+0.3956
IB-IV 17 14.27+£2.578 26 4.462+0.7364

Msil, musashil.

cell lines TE-7, TE-1 and KYSE70 than in the terminally
differentiated cell lines EC109, EC9706 and EC-1 (Fig. 2A).
Immunocytochemical staining revealed that Msil was strongly
positive in spheroid cells, in TE-7 and KYSE70 cells when
compared to the monolayer (Fig. 2B, P=0.03 and P=0.02,
respectively). In addition, from TCGA analysis, we determined
that Msil expression had a significant positive correlation with
SOX2 and Notchl (Fig. 2C, P=0.02; Fig. 2D, P=0.03) and
that SOX?2 had a significantly different expression in the Msil
high-expression group compared with the low-expression
group (Fig. 2E, P<0.0001). The latter two genes were the key
factors regulating cancer cell stemness. Moreover, there was
no similar phenomenon between the expression of Msil and
Notchl (data not shown). According to previous studies and
the aforementioned results, we hypothesized that Msil plays
a critical role in ESCC stemness and its characteristics could
have an effect on the proliferation and apoptosis of cancer
cells.

Decrease of Msil expression inhibits esophageal cancer cell
proliferation and promotes apoptosis. The role of Msil in the
proliferation and apoptosis of TE-7 and KYSE70 cells was
examined following the transfection of an Msil siRNA. RNA
interference resulted in the decrease of Msil mRNA in TE-7
and KYSE70 cells compared to the control siRNA (Fig. 3A).
After transfection for 48 h, we collected the cells and detected
apoptosis using flow cytometry. Notably, we observed that
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knockdown of Msil increased the apoptosis rates in TE-7 and
KYSE70 cells (Fig. 3B). In addition, the proliferation of TE-7
and KYSE70 cells transfected with Msil-siRNA was observably
lower than that of the control group (Fig. 3C). Using PCR and
western blotting, we further determined that SOX2 expression
was also decreased with Msil interference (Fig. 3D). Generally,
Msil expression could promote the proliferation and decrease
the apoptosis of esophageal cancer cell lines.

Capacity of sphere formation and migration is inhibited in
Msil downregulated ESCC cells. Using the same approach,
we detected the influence of knocked down Msil expression
on the capacity of sphere formation and migration in ESCC
cells. We determined that in the si-Msil group the number
of spheres formation was markedly decreased (Fig. 4A).
Similarly, with Transwell assay, KYSE70 and TE-7 cells
transfected with si-Msil lacked of the ability to migrate to the
lower chamber (Fig. 4B). The data demonstrated that Msil had
an effect on tumor cell stemness and migration capacity.

Msil expression in ESCC tissues is negatively correlated with
the overall survival. To further evaluate the relationship of
Msil with the prognosis in ESCC, we investigated the protein
expression of Msil in ESCC samples by immunohistochem-
istry. As shown in Fig. 5A, Msil had a varying expression, with
patient tissues exhibiting high expression and low expression.
At the protein level, we also found that Msil was correlated
with late-stage ESCC. However, there was no statistical
significance with different lymph node metastasis and inva-
sion of depth (Fig. 5C-D). According to the expression of Msil
in tumor tissues, we divided the 93 patients into two groups.
There were 53 patients that had a high expression of the
stemness-associated gene Msil, and the rest (40 patients) had a
low expression of Msil in tumor tissues. Moreover, compared
with the low expression group, the high expression group had a
significantly shorter overall survival (Fig. SE; P=0.035).

Discussion

Despite the significant progress in ESCC diagnosis and treat-
ment, the dismal 5-year survival rate of ESCC has not changed
satisfyingly. Hence, the identification of important molecules
to assist in an early diagnosis and treatment targets of ESCC
are essential. Furthermore, with CSCs or TICs persisting in
tumor development, cancer patients cannot acquire anticipa-
tory prognosis after treatment with surgery, chemotherapy,
radiotherapy or combination therapy. Thus, it is necessary to
identify the pivotal point in ESCC development in order to
target CSCs or TICs.

Msil, a regulatory factor in the process of progenitor divi-
sion, has also been identified as a regulator of memory. Both
reported physiological functions are relevant in keeping the
stemness of initial cells (14). Recently, an increasing number
of results in research revealed that Msil plays a significant role
in cancer development. In clinical samples, overexpression
of Msil was correlated with tumor-node-metastasis (TNM)
stage and lymph node metastasis. With Msil overexpression
in tumor tissues, patients had a decreased progression-free
survival and overall survival. Analogous results have been
reported in lung, gastric and gallbladder cancer, and colorectal
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carcinoma. Moreover, in metastatic colorectal cancer cells it
was demonstrated that NOTCH3 signaling regulated Msil
expression, and played a key role in decreasing the activity
of NUMB thus activating DLL4 or NOTCHI and regulating
of cancer cells (30). As an important upstream molecule of
NOTCH, it has also been implicated in lung cancer. It has also
been described as having a similar role to ALDHI, the widely
accepted cancer stemness-associated gene in cancer develop-
ment. In addition, a previous study demonstrated that Msil
promotes tumor growth by targeting cell cycle checkpoint
proteins p21, p27 and p53 (31).

Relevant studies revealed that CD271, CD133 and CD90
affected CSC development in ESCC, however, we are the first
to propose that Msil, a well known molecule regulating cell
division, plays a significant role in ESCC development by
promoting proliferation and decreasing apoptosis of cancer
cells. Firstly, as revealed in other studies, Msil had a higher
expression in ESCC tumor tissues compared with adjacent
non-cancerous tissues and its distribution was also more
diffuse (32,33). As suggested in gastric cancer (34), due to
the difference in proliferation patterns between cancer cells
and normal cells, Msil had a different expression in cancer
and normal matched tissues. Furthermore, we determined a
negative correlation between Msil expression in tumor tissues
and lymph node metastasis and TNM stage. At the mRNA
level, the patients with advanced-stage ESCC had a higher
expression of Msil than early-stage patients, and the clinical
samples with lymph node metastasis also exhibited a higher
expression of Msil compared with the non-metastatic samples.
We further investigated the expression patterns of Msil
using immunohistochemistry. As determined, tumor tissues
exhibited a higher expression of Msil compared to adjacent
non-cancerous tissues. Moreover advanced-stage ESCC
tissues had an increased expression of Msil when compared to
ealy-stage patient tissues. Patients with lymph node metastasis
also had a higher expression of Msil, but the difference in
expression with the non-metastatic group was not statistically
significant.

To further clarify the importance of Msil in tumor devel-
opment, we conducted a series of experiments in vitro using
various ESCC cell lines. Compared with TE-1, EC109, EC9706
and EC1, the poorly differentiated TE-7 and KYSE70 cell lines
had a higher expression of Msil. We suspected that Msil was
related to cancer histological grade. Upon investigation this
relationship was not substantiated in the clinical specimens we
observed due to the diffuse expression patterns of Msil, and
therefore we may further probe the expression of Msil in more
ESCC patients. Notably, the spheroid cells when compared
with the monolayer ones, exhibited a marked higher expression
of Msil. To the best of our knowledge, sphere formation is an
effective approach to acquire CSC-like cells. Therefore, we
believe that Msil can maintain the stemness of ESCC cancer
cells. Consistent with other studies, using TCGA database, we
found that Msil had a positive correlation with SOX2 in esoph-
ageal cancer (35). With the interference of RNA, we knocked
down the expression of Msil in KYSE70 and TE-7 cells effec-
tively. Then, significant changes were observed in the cancer
cells. There was a marked increase in apoptosis in the si-Msil
group and a decrease in proliferation. In addition, si-Msil had
an effect on sphere formation and migration capacity. These
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results were similar to other types of cancer investigated in
previous studies (24,30,31). Thus in clinical application, Msil
can be considered as a target in the prevention of the malignant
biological behavior of tumor cells and the improvement of the
prognosis of cancer patients.

Furthermore, in future we need to construct an animal
model to demonstrate the impact of Msil on the development
of ESCC. In relation to the underlying mechanisms, in addi-
tion to NOTCH signaling as previously aforementioned, we
may investigate the relationship with other cancer stemness-
associated genes. We may also probe the stemness-associated
genes regulating the tumor microenvironment as KLF4 which
was studied in breast cancer (36).

In conclusion, the present study illustrated that Msil
regulated the proliferation, apoptosis, sphere formation and
migration capacity of cancer cells, and had a higher expres-
sion in spheroid cells. All the experimental results support
that Msil may act as a potential prognostic marker in patients
with ESCC. Furthermore, it could be used as a diagnostic and
prognostic marker in clinical conversions.
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