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Abstract Deregulation of developmental signaling pathways
such as Wnt/b-catenin and NOTCH are commonly observed
in different cancers. A normal wnt pathway is essential for
development and tissue homeostasis to preserve a normal bal-
ance between the differentiation and proliferation. PYGO2 is
the main transcription factor of wnt pathway, while Msi1 is
one of the wnt inhibitors. In this study we assessed the corre-
lation between Msi1 and PYGO2 mRNA expression using
Real time polymerase chain reaction in 48 esophageal squa-
mous cell carcinoma (ESCC) patients. Although, there was
not any significant correlation between the levels of Msi1
and PYGO2 mRNA expression, we observed a significant
correlation between the Msi1 and PYGO2 overexpressed
cases and depth of tumor invasion (p = 0.05). In conclusion,
despite the role of these markers in tumor depth of invasion

there is not any feedback between Msi1 and PYGO2 gene
expression in ESCC.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is the 5th and
second-leading cause of cancer-related deaths in the world and
northeast of Iran, respectively (Ferlay et al. 2010; Gholamin
et al. 2009). Although multimodalitic treatments are
progressed in recent years, patients have poor prognosis with
a 5-year survival rate of <42% (Rice et al. 2009).Mostly, such
tumors are diagnosed at advanced stages of tumor cell pro-
gression (stage III) and therefore the majority of patients show
distant metastasis of tumor cells through the body making it
not suitable for the esophagectomy (Headrick et al. 2002).
Although, it is believed that different factors including the
lifestyle and accumulation of genetic mutations are involved
in ESCC progression, the cancer stem cell hypothesis is also
under debate as the hallmark of ESCC biology, in which a
small subpopulation of stem like cells with self renewal ca-
pacity are in charge of tumor progression and metastasis (Ben-
Porath et al. 2008; Zhang 2013).

Deregulation of developmental pathways such as Wnt/b-
catenin, NOTCH and Sonic Hedgehog are commonly ob-
served in different cancers (Moghbeli et al. 2013a, b, 2014a,
b). A controlledWnt pathway is essential for development and
tissue homeostasis to preserve a normal balance between cell
differentiation and proliferation. Canonical Wnt/b-catenin
pathway is activated through a complicated process in which,
cytoplasmic b-catenin remains unphosphorylated and its
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nucleus accumulation activates the LEF/TCF/PYGO2 com-
plex. In this cascade, PYGO2 upregulates the Wnt target
genes through recruitment of b-catenin/BCL9 to their pro-
moters (Townsley et al. 2004). It has been shown that the
PYGO2 overexpression is correlated with the ovarian
(Popadiuk et al. 2006) and breast cancers (Andrews et al.
2007) tumorigenesis. Therefore, it would be expected to see
a factor in normal cells which is in charge of its inactivation.

It has been demonstrated that Numb and Dickkopf3 act as
suppressors of Notch (Guo et al. 1996) and Wnt signaling
pathways (Glazer et al. 2008; Wang et al. 2008). respectively.
However, Musashi1 (Msi1) in cancer stem cells is able to
suppress such suppressors leading to activation of NOTCH
and Wnt pathways. Msi1 as an important RNA-binding pro-
tein (RBP), exerts this regulatory role through binding to a
specific sequence in 3′ UTR of target mRNAs leading to
translational inhibition (Battelli et al. 2006; Imai et al. 2001).
In this process, Msi1 binds to the poly A binding protein
(PABP) as an antagonist of the eukaryotic translation initiation
factor 4G (eIF4G) resulting in inhibition of 80S ribosome
subunit assembly (Kawahara et al. 2008). Besides the signal-
ling pathways which are targets for the Msi1, p21WAF-1 as a
cell cycle regulator and wnt inhibitor is also one of the main
targets of Msi1 (Okano et al. 2005). Msi1 expression has been
studied in different cancers (Gotte et al. 2008; Schulenburg
et al. 2007; Shu et al. 2002; Toda et al. 2001) and we have also
reported the role of Msi1 and PYGO2 in ESCC progression
previously (Moghbeli et al. 2013a, b, 2014a, b). Having con-
sidered the importance of Wnt pathway in ESCC progression,
we aimed to assess the probable correlation between PYGO2
and Msi1 in ESCC tumorigenesisas well as their probable
mutual correlation with the clinicopathological features of
the patients.

Materials and methods

Tissue samples

This study was done enrolling fourty eight ESCC patints who
were undergone the esophagectomy at Omid, Qaem, and
Imam Reza Hospitals of Mashhad University of Medical
Sciences. Tumor and margin normal tissues were transferred
to the RNA later solution (Qiagen, Hilden, Germany) follow-
ing the mincing after surgery and stored at −20 C until the
mRNA extraction. Histopathologic examination in all of
cases was performed to verify that all of the tumor
tissues have at least 70 % tumor cells Wittekind and
Oberschmid (2010). The patients filled and confirmed
the informed consent forms which were approved by
the ethic committee of Mashhad University of Medical
Sciences (No. 921202).

RNA extraction, cDNA synthesis, and quantitative
RT-PCR

RNA extraction from fresh tumor/margin-normal tissues and
cDNA synthesis (oligo-dT method) were performed using the
RNAeasy Mini kit (Qiagen, Hilden, Germany) and First-
Strand Synthesis kit (Fermentas, Lithuania), respectively, as
described before (Moghbeli et al. 2013a, b, 2014a, b).
Comparative relative Real Time PCR was done using SYBR
Green method (GENETBIO, Korea) and Stratagene Mx-
3000P real-time thermocycler (Stratagene, La Jolla, CA) to
assess the level of Msi1 and PYGO2 mRNA expression (the
primer sequences are presented previously (Moghbeli et al.
2013a, b, 2014a, b)). All the reactions were performed in
triplicates and the thermal profile included an initial denatur-
ation step of 95 C for 10 min followed by 45 cycles at 94 C
(30 s), 62 C (30 s) and 72 C (30 s). To normalize the data we
used glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
as a normalizer (Moghbeli et al. 2013a, b, 2014a, b). More
than two fold decrease and more than two fold increase in the
level of mRNA expression in tumor versus normal tissues
were considered as under and overexpression, respectively,
wherease the fold changes between −2 and +2 was considered
as normal expression.

Statistical analysis

Spearman’s q and Pearson v-squared tests were used to assess
the statistical correlations between Msi1 and PYGO2 expres-
sion. Moreover, probable correlations between the clinico-
pathological futures of tumors and levels of PYGO2/Msi1
mRNA expressions were evaluated through the ANOVA
and t test. A P value < 0.05 was considered to be statistically
significant. All the statistical analyzis were done using SPSS
16.0 (SPSS, Chicago, IL).

Results

Study population

Fourty eight ESCC patients were recruited in this study com-
prising the 20 (41.7 %) females and 28 (58.3 %) males. All the
cases were examined histologically to find the percentage of
tumor cells in every tumor bulk, and all the tumors which had
less than 70 % of tumor cells were excluded from the study.
Moreover, lack of receiving chemo-radio therapeutic treat-
ments was also considered as prerequisites of tissue recruit-
ment. Age range of patients was between 30 and 83 years with
mean age of (61.85 ± 12.33 years). The range of tumor sizes
was between 1.5 and 12 cm with a mean size of
4.23 ± 1.91 cm. Most of tumors (27/48, 56.2 %) were located
in middle esophagous while the other cases were in lower part.
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Twenty two of 48 (45.8 %) patients had invasion of tumor
cells to the proximal lymph nodes. The majority of cases
(31/48, 64.5 %) and (40/48, 83.3 %) were moderately differ-
entiated and T3 tumor depth of invasion to adventitia, respec-
tively. Furthermore, despite one sample which was in patho-
logical tumor stage of I, all of tumors were in stages of II/III.
Clinicopathological features of patients are mentioned in
Table 1.

Levels of Msi1/PYGO2 mRNA expression in ESCC
patients

Msi1 and PYGO2 mRNA expressions were assessed in the
tumor tissues in comparison with their corresponding normal
tissues using the comparative relative real time PCR.
Seventeen out of 48 cases (35.4 %) and 20 out of 48 samples
(41.7 %) had PYGO2 and Msi1 overexpression, respectively.
Total range of fold changes were between −3.8 and 8.8
(mean ± SD: 1.41 ± 2.35 fold changes) for the Msi1, and
−3.31 to 15.10 (mean ± SD: 1.27 ± 2.86 fold changes) for
the PYGO2 (Moghbeli et al. 2013a, b, 2014a, b). Scatter plot
illustrates the levels of PYGO2 and Msi1 mRNA expression
via the fold changes (Fig.1). The level of PYGO2 mRNA
expression was meaningfully higher in the Msi1 and

PYGO2 positive cases in comparison with the only
PYGO2 overexpressed tumors (5.78 ± 2.47 vs.
2.94 ± 0.17, fold change), showing that despite the lack
of a significant correlation between these markers, Msi1
may be an inducer for the PYGO2 expression.
Furthermore, as the Fig.1 shows, an outlayer fold
change of 15.10 was detected in one samplewith Msi1
overexpression.

Fig. 1 Scatter plot represent descriptive analysis of relative gene
expression of Msi1 and PYGO2 in ESCC patients. The red and blue
lines mention to the thresholds for the over and under expression,
respectively. The grey area shows the cases with normal Msi1 and
PYGO2 mRNA expression
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Table 1 Correlation between level of PYGO2/Msi1 mRNA expression and clinicopathological features of ESCC patients

Total Msi1
overexpression

PYGO2
overexpression

Msi1/PYGO2
overexpression

P Value

Patients 48 20(41.7 %) 17(35.4 %) 5(10.4 %)

Mean age (mean ± SD) 61.85 ± 12.33 58.75 ± 3.19 63.41 ± 2.49 57.20 ± 3.22

Size (mean ± SD) 4.23 ± 1.91 4.25 ± 0.51 3.49 ± 0.40 2.90 ± 1.29

Sex 0.696

Male 28(58.3 %) 13(65 %) 11(64.7 %) 4(80 %)

Female 20(41.7 %) 7(35 %) 6(35.3 %) 1(20 %)

Location 0.704

Lower 21(43.8 %) 8(40 %) 9(52.9 %) 2(40 %)

Middle 27(56.3 %) 12(60 %) 8(47.1 %) 3(60 %)

Grade 0.747

P.D 8(16.7 %) 3(15 %) 4(23.5 %) 1(20 %)

M.D 31(64.6 %) 13(65 %) 10(58.8 %) 4(80 %)

W.D 9(18.8 %) 4(20 %) 3(17.6 %) -

Lymph node 0.672

Yes 22(45.8 %) 8(40 %) 7(41.2 %) 1(20 %)

No 26(54.2 %) 12(60 %) 10(58.8 %) 4(80 %)

Stage 0.711

I/II 29(60.4 %) 13(65 %) 10(58.8 %) 4(80 %)

III/IV 19(39.6 %) 7(35 %) 7(41.2 %) 1(20 %)

Depth of tumor invasion (T) 0.050

T1 1(2.1 %) 1(5 %) 1(5.9 %) 1(20 %)

T2 7(14.6 %) 1(5 %) 2(11.8 %) -

T3 40(83.3 %) 18(90 %) 14(82.4 %) 4(80 %)



Clinicopathological features and PYGO2 and Msi1
mRNA expression

A significant correlation was observed between levels ofMsi1
mRNA expression and sex (p = 0.05), in which levels of Msi1
expression in males were higher than females with mean fold
of 2.00 vs 0.78 (Moghbeli et al. 2013a, b, 2014a, b). In this
report, twenty seven out of 48 (56.3 %) cases had shown over
expression in at least one of these markers whereas, 16/48
(33.3 %) patients had normal expression in both of these
markers. There was not any significant correlation between
the levels of PYGO2 and Msi1 mRNA expression
(p = 0.202). Only 5/48 (10.4 %) patients had concomitant
overexpression of PYGO2 and Msi1. Although there was
not any significant correlation between Msi1 and PYGO2
overexpressed tumors and grade of tumor, the majority of
these cases (4/5, 80 %) were moderately differentiated
(p = 0.747). Msi1 and PYGO2 ovrexpressed tumors were
scattered almost equally in lower and middle part of
esophagous. Most of such cases were in T3 tumor depth of
invasion and without any lymph node metastasis (4/5, 80 %).
Levels of PYGO2 mRNA expression in PYGO2 and Msi1
overexpressed cases in T3 tumor depth of invasion was sig-
nificantly higher than Msi1 overexpressed cases in T3
(6.61 ± 3.00 vs 3.23 ± 0.46, fold change) (p = 0.050). Most
of PYGO2 and Msi1 overexpressed cases were in pathologi-
cal tumor stages of I/II (4/5, 80 %). In the case of sex, four out
of 5 cases with PYGO2 and Msi1 overexpression were males.
The PYGO2 and Msi1 overexpressed patients had the lowest
mean age (mean ± SD: 57.20 ± 3.22 years old), which is
meaningfully lower than cases with normal expression of
these markers and also the total mean age. Moreover, the
Msi1 and PYGO2 over expressed tumors were meaningfully
smaller than the other cases with mean size of (mean ± SD:
2.90 ± 0.58 cm). Generally, patients withMsi1 overexpression
had lower ages in comparison with the patients with PYGO2
overexpres s ion (mean ± SD: 59 .27 ± 4 .17 vs .
66.00 ± 3.03 years old). In the case of tumor sizes also Msi1
overexpressed tumors were bigger than PYGO2
overexpressed cases (mean ± SD: 4.70 ± 0.61 vs.
3.73 ± 0.51 cm). Among the patients, two cases with Msi1
underexpression and PYGO2 overexpression was seen.
Besides, there was also a case with Msi1 overexpression and
PYGO2 underexpression. In the case of tumor grade, there
were different aspects among the levels of Msi1 and PYGO2
expression and levels of tumor differentiation in which levels
of PYGO2 mRNA expression was higher in poorly differen-
tiated tumors in comparison with the well differentiated ones
(mean ± SD: 2.40 ± 0.80 vs. 0.70 ± 0.81, fold change). In
contrast with the PYGO2, poorly differentiated tumors had
lower levels of Msi1 mRNA expression in comparison with
the well differentiated tumors (mean ± SD: -0.22 ± 1.05 vs.
2.41 ± 1.06, fold change). Levels ofMsi1 and PYGO2mRNA

expression in T3 tumor tissues were meaningfully higher than
samples with T2 tumor depth of invasion (1.48 ± 0.39 vs.
0.55 ± 0.49) and (1.42 ± 0.48 vs. 0.24 ± 0.72).

Discussion

There are complex correlations among different factors which
are involved in ESCC tumorigenesis. As we have shown re-
cently, there was a positive correlation between the PYGO2 as
a wnt pathway transcription factor and EGFR as a wnt target
gene growth factor receptor, in ESCC progression. In this
positive feedback EGFR was one of the targets for the
PYGO2 and it acts as a stimulator for the PYGO2 function
through the stabilization of cytoplasmic b-catenin (Moghbeli
et al. 2013a, b, 2014a, b). Regarding this fact that the Msi1 is
activator of the wnt and NOTCH signaling pathways through
the suppression of related inhibitors such as DKK3 and
Numb, we expected to have a probable feedback also between
the Msi1 and PYGO2. Therefore, to explore this hypothesis
that whether the Msi1 is one of the targets for the PYGO2 in
wnt signaling, we assessed the levels of PYGO2 and Msi1
mRNA expression in ESCC patients for the first time.
Although we expected to see a positive correlation between
these factors, only five cases showed over expression of these
markers. The results demonstrated that there is not any signif-
icant correlation between these markers. However, our data
showed that the level of PYGO2 is interestingly higher in the
PYGO2 andMsi1 cases, referring the probable positive role of
Msi1 in PYGO2 expression. Considering the strict association
between signaling pathways in tumorigenesis process, it
would be expcted that the Msi1 is activated through the other
pathways. Although the Msi1 is one of the main regulators of
wnt pathway, it seems that its regulation is not depending on
the wnt signaling pathway in ESCC. Therefore, in a higher
point of view we may conclude that among different develop-
mental pathways such as Wnt, NOTH and Shh, which are
directly related to the tumor progression and metastasis, there
is a grading seanrio in which some pathways are placed in
higher grades regarding their regulatory importance to regu-
late other pathways. Despite this fact that accurate mecha-
nisms of Msi1 regulation is unclear, it was shown that Msi1
is one of the NOTCH pathway target genes (Pasto et al. 2014).
Regarding our recent study about the positive role of PYGO2
in ESCC progression and metastasis, we expected to see the
Msi1 and PYGO2 overexpressesd tumors among the higher
stage cases, while, most of them (4/5, 80 %) were in tumor
stages of I/II. Generally, considering this fact that ESCC ini-
tiation and progression is a multistep process in which in every
step different factors and pathways are involved, it would be
expected that Msi1 activation is important in ESCC progres-
sion in primary stages of tumor. Levels of Msi1 mRNA ex-
pression in tumors with the lower stages were greater than
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tumors with higher stages (1.66 ± 0.45 vs. 1.02 ± 0.52, fold
change). Moreover, based on the role of Msi1 in hypothesis as
a wnt activator, only 5 out of 20 cases (25 %) with Msi1
overexpression had also PYGO2 overexpression interestingly,
which is in contrast with our mentioned expected.

In conclusion, although cytoplasmic factor Msi1 is up-
stream of the PYGO2 cascade of gene regulation, this report
has illustrated its overexpression is not a warrant for the wnt
activation in ESCC patients. From another point of view,Msi1
is not one of the targets of wnt pathway because only (5/20,
25 %) of PYGO2 overexpressed cases had also Msi1 overex-
pression. It seems that there is not any direct correlation be-
tweenMsi1 and PYGO2 in ESCC progression and metastasis.
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