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Abstract: Background: The Notchl gene plays an important role in tumorigenesis and tumor progression. Recently,
it has also been shown that p53 is upstream effectors of the notch signal pathway. In this study, we explored Notch1
and p53 expression in esophageal squamous cell carcinomas (ESCC). The possible associations of Notch1 expres-
sion and p53 expression with clinicopathological factors, prognosis. Methods: Notch1 and p53 protein expressions
were evaluated by immunohistochemistry (IHC) in 123 surgically resected ESCC and were correlated with clinico-
pathological. Kaplan-Meier plots and Cox proportional hazards regression model were used to analyze the prognos-
tic value of Notch1 and p53 expression. Results: In the 123 patients, Notch1 showed high in 42.3% (52/123), and
p53 was positive in 61.8% (76/123). In addition, high expression of p53 was significantly correlated with patient
age, pathological stage and tumor location (P<0.05) in ESCC patients. Patients with higher level of Notchl1 staining
in ESCC had shorter overall survival, whereas we found no relationship between p53 expression and overall survival.
Univariate and multivariate analyses revealed that high Notch1 protein expression and histological differentiation
were independent prognostic factors for ESCC. Conclusions: our findings suggest that Notchl can serve as a good
predictor of prognosis in ESCC patients. However, the role of p53 on patient outcome needs further study.
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Introduction

Esophageal cancer, one of the most common
malignancy of the digestive tract, is a highly
lethal disease with an overall 5-year survival is
less than 15% [1]. More than 90% of esopha-
geal cancer are squamous cell carcinomas aris-
ing from the esophageal mucosa in Asian coun-
tries [2]. Despite tremendous advances in
diagnosis and multimodality therapy, the prog-
nosis of ESCC remains extremely poor [3].
Hence, the identification of prognostic factors
is essential for predicting patients’ survival and
determining optimal therapeutic strategies.

In humans, the Notch family is composed of
four receptors members: Notchl, Notch2,
Notch3, Notch4, and five ligands members:
JAG1, JAG2, DLL1, DLL3, and DLL4 [4]. Notch
protein, transmembrane receptor, which par-
ticipates in the regulation of cell fate, prolifera-

tion, differentiation, and apoptosis [5]. Notch1,
a member of notch family, was originally found
to be expressed by neuronal cell [6], then abun-
dantly detected in a variety of human cancers
[7-9]. Numerous studies have reported that
Notchl and its ligand could be used as useful
biomarkers to predict prognostic outcomes in a
wide variety of malignant tumors, such as
breast cancer [10, 11], bladder cancer [12], and
prostate cancer [13]. More interestingly, notch
signaling pathway also plays a role in other
types of leukemia [14]. Recent study reported
that high expression of Notchl was associated
with decreased overall survival by RT-PCR in
ESCC [15]. However, few studies to date have
investigated Notchl expression in ESCC by
immunohistochemical staining.

P53, as a kind of tumor suppressor protein, is
localized on chromosome 17q13.1, and which
is upstream effectors of the notch signal path-



Table 1. Notch1 expression, p53 expression and clinicopathologi-

cal in 123 ESCC specimens
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expression of Notchl and p53
in ESCC so far. The aim of our

work was to investigate the

Notch1 ex- P53 expre- ) - -
Characteristic NT—O;a2I3 pression,n  p sison, n P Immunohlstochemlcal expres-
= Low High Low High sion of Notchl and p53 in 123
Gender cases of primary ESCC and
Male 87 51 36 36 51 adjacent normal _tlssues to
explore the correlation between
Female 36 20 16 0.657 11 25 0.273 Notch1, p53 and the clinico-
Age (years) pathological feathers, includ-
<65 69 41 28 35 34 ing patient outcome of ESCC.
>65 54 30 24 0.678 12 42 0.008
Tumor size Materials and methods
<5cm 94 51 43 35 58
>5 cm 29 20 9 1000 12 18 0.351 Patients and tissue samples
TUEI;);::te ; 3 4 1 6 A total of 123 consecutive
] ESCC patients who underwent
Middle 60 33 29 3 curative surgery without neo-
Lower 56 35 21 0423 17 39 0.033 adjuvant treatment at the first
Differentiation teaching hospital of Xinjiang
Well 16 11 5 7 9 medical university between
Moderate 75 45 30 33 42 January 2007 and July 2014
Poor 32 15 17 0274 9 23 0.372 were selected retrospectively.
Pathological stage Majority of them were males
T1T3 58 36 22 16 42 (70.7%) and females constitut-
T4 65 35 30 0543 31 34 0.044 ed 36 (29.3%) cases. The age
Lymph metastasis of the patients ranged from 35
) to 81 years (mean, 63.2). The
Negative 93 55 38 35 58 tumor size of the patients
Positive 30 16 14 0.647 12 18 0.819 ranged from 1 to 8 cm (mean,
Vessel invasion 3.86). Of the 123 tumors, 16
Negative 106 58 48 40 66 (13%) were Well differentiated,
Positive 17 13 4 0227 7 10 1.000 75 (61%) were moderately dif-
Perineuronal invasion ferentiated, 32 (26%) were
Negative 97 54 43 35 62 poorly differentiated. The main
Positive 26 17 9 0614 12 14 0.465 clinical and  pathologic vari-

way [16]. A large number of target genes regu-
lated by p53 involve in cancer cell proliferation
and apoptosis [17]. Mutation of p53 gene
results in the loss of its ability to induce cell
death, which leads to uncontrolled cell prolifer-
ation, survival, mobility and invasiveness.
Several experimental studies demonstrated
that p53 mutation is the most common aberra-
tion in human cancers including breast carcino-
mas [18], colorectal cancer [19], and endome-
trial carcinomas [20]. High expression of p53
protein correlates with poor prognostic in
patients with ESCC [21, 22].

But to our knowledge, little information has
been available on the relationships among the
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ables of the patients are sum-
marized in Table 1. For histo-
logic examination, all tissue portions were fixed
in formalin and embedded in paraffin. Tumors
histological grades were classified as well,
moderate and poor. All human tissue was col-
lected using protocols approved by the ethics
committee of the first teaching hospital of
Xinjiang medical university.

Immunohistochemistry

Samples were fixed in neutral 10% formalin and
embedded in paraffin after resection. The sec-
tions were deparaffinized using a graded etha-
nol series, and endogenous peroxidase activity
was blocked by soaking 3% hydrogen peroxide
for 10 min. Microwave antigen retrieval was
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Figure 1. Immunohistochemical staining of Notch1 expression in ESCC and normal esophagus mucosa. A. In normal
esophagus mucosa, Notch1 is localized to the cell membrane and cytoplasm. B. Negative expression of Notch1 in
ESCC tumor tissue. C. Weak expression in ESCC tumor tissue. D. Moderate positive expression of Notchl in ESCC
tumor tissue. E, F. Strong positive expression of Notch1 in ESCC tumor tissue. Bar=200 pum.

carried out by placing the slides in 10 mM sodi-
um citrate buffer (pH=6.0) at 100°C for 10 min-
utes and then allowed to cool. After rinsing in
phosphate buffered saline (PBS), the sections
were incubated with anti-Notchl antibody
(diluted 1:200, Abcam, USA) and anti-P53 anti-
body (diluted 1:100, Santa Cruz biotechnology,
USA) for 2 h at room temperature and subse-
quently placed in secondary anti-mouse anti-
body for Notchl or anti-rabbit antibody for p53
(Santa Cruz). The sections were finally incubat-
ed with DAB (DAKO). After rinsing in water, the
sections were counterstained with hematoxy-
lin, dehydrated, and cover slipped.

Notchl1 and p53 expression was determined by
2 independent observers who were blinded to
the clinicopathological data. If discordant inter-
pretations were obtained, differences were
resolved by a joint review or consultation, or
both, with a third observer familiar with immu-
nohistochemical pathology. When evaluating
the p53 protein immunoreaction, staining was
scored in semi-quantitative fashion. A cut-off
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value of 50% or more positively stained nuclei
was defined as positive and the others were
defined as low p53 expression. According to Liu
et al. [23], a semi-quantitative evaluation of
Notchl reactivity was scored as O if there was
no membranous or cytoplasm reactivity within
the tumor, or as 1+, 2+, or 3+ depending on the
intensity above the background level. The score
of 2+ to 3+ was defined as positive and the
score of O to 1+ was defined as negative.

Statistical analysis

Data analysis was performed using the SPSS
14.0 statistical program. The association
between Notchl and P53 expression and the
clinicopathologic features was analyzed using
chi-square test. For analysis of survival data,
Kaplan-Meier curves were constructed, and
the log-rank test was performed. Univariate
and multivariate survival analyses ware per-
formed using Cox proportional hazards model.
P<0.05 was considered statistically signifi-
cant.
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Figure 2. P53 protein was expressed significantly higher in ESCC tissues. A. In normal esophagus mucosa, p53 is
localized to the cell basal membrane. B. P53 low expression in ESCC. C. P53 high expression in ESCC. Bar=200 um.
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Figure 3. Kaplan-Meier curves for overall survival of
ESCC with high or low Notchl expression. Patients
expressing high level of Notchl have a significantly
shorter survival.

Results

Notchl expression in ESCC and its relationship
with clinicopathological characteristics

To investigate the relationship between Notchl
expression and clinicopathological parameters
of ESCC patients, we evaluated Notch1 protein
expression levels in 123 primary ESCC tissues
using immunohistochemistry. As shown in
Figure 1, the Notchl staining was localized
mainly in the membrane and cytoplasm, and
the ratio of Notchl high expression was 42.3%
(52/123) in ESCC tissues. In the normal epithe-
lia positive reaction was mainly localized in the
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Figure 4. Correlation between tumor differentiation
and patients’ survival.

membrane and cytoplasm of the basal cells
(Figure 1A). We also analyzed the associations
between expression levels of Notchl and a
series of clinicopathological characteristics,
including age, gender, tumor size, differentia-
tion, pathological stage, lymph metastasis, ves-
sel metastasis, perineuronal invasion in ESCC
patients (Table 1). However, there was no sig-
nificant association between Notchl expres-
sion level and these factors (P>0.05).

P53 expression in ESCC and its relationship
with clinicopathological characteristics

The expression of p53 protein was also exam-

ined by IHC staining. As shown in Figure 2, posi-
tive staining of P53 was located in the nucleus
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Table 2. Univariate and multivariate analysis of different prognostic fea-

tures in 123 patients with ESCC
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suggest that high level
of pb3 expression is

Univariate analysis

Multivariate analysis

associated with advanc-

Factor i
HR 95% Cl p HR 95% Cl P ed pathological stage.
Gender Association between
Male/female 1.063 0.456-2.480 0.887 1.061 0.589-1.912 0.843 risk factors and survival
Age time
>60/<60 1.099 0.519-2.328 0.806 1.001 0.600-1.668 0.998 . .
) To investigate the rela-
Tumor size . .
N tionship between level
_5/.<5 1.536 0.634-3.723 0.342 1.285 0.685-2.410 0.434 of protein expression
Location and survival, we used
Upper/middle/lower 1.014 0.528-1.847 0.966 1.056 0.678-1.646 0.809 Kap|an-|\/|eier methods.
Differentiation We found that the sur-
Poor/moderate/well 2.601 1.423-4.754 0.002 2.563 1.658-3.961 0.001 vival of patients with
T stage high Notchl protein
T1-3/T4 0.520 0.232-1.161 0.111 1.085 0.645-1.826 0.758 expression was  signifi-
Lymph node metastasis Cantly Shlok:t?r tf’:lan holf
Present/absent 1.049 0.435-2.532 0.915 1.049 0.555-1.983 0.882 Protein with low Notcf
. . protein expression (Fig-
Vessel invasion
ure 3). Furthermore, the
P.resent/ab.sent. 2.120 0.599-7.496 0.244 0.923 0.367-2.321 0.864 ESCC patients  with
Perineuronal invasion well differentiation were
Present/absent 2.022 0.855-4.779 0.109 1.134 0.611-2.103 0.691 associated with a sur-
P53 vival benefit (Figure 4).
High/low 0.996 0.464-2.138 0.991 1.280 0.706-2.319 0.416 As shown in Table 2,
Notch1 univariate analysis sh-
High/low 3.754 1.761-8.004 0.001 2.430 1.359-4.347 0.003 owed that overall sur-

HR indicates hazards ratio; Cl indicates confidence interval.

of the ESCC. In the group of normal adjacent
tissue, positive expression of p53 was observed
only in the nuclei of basal cells (Figure 2A). It
was also observed that P53 protein was
expressed significantly higher in ESCC when
compared to normal esophagus mucosa.
Based on the overall p53 expression, all the
tumor specimens were divided into a p53 low
expression group (n=47) and a p53 high expres-
sion group (N=76).

Table 1 summarized the correlation between
expression of p53 and the clinicopathological
findings. Statistical analysis showed that p53
expression was not correlated with any of the
following clinicopathological characteristics:
gender (P=0.273), tumor size (P=0.351), differ-
entiation (P=0.372), lymph metastasis (P=
0.819), vessel invasion (P=1.000), perineuro-
nal invasion (P=0.465). However, we found that
high p53 expression was significantly correlat-
ed with age (P=0.008), tumor site (P=0.033)
and pathological stage (P=0.044). Our results
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vival was correlated
with differentiation and
Notch1 expression. How-
ever, gender, age, tumor size, location, T stage,
lymph node, vessel invasion, perineuronal inva-
sion and P53 were not significantly associated
with overall survival (Table 2). Furthermore, Cox
multivariate regression analysis indicated that
differentiation (P=0.001) and Notchl expres-
sion (P=0.003) were each recognized as inde-
pendent prognostic factors for overall survival
of ESCC patients. Taken together, these data
suggest that Notchl might represent a novel
and potentially useful independent biomarker
for the prognosis of patients with ESCC.

Discussion

ESCC remains one of the most malignant gas-
trointestinal cancers in China. Despite improve-
ments in early detection, surgical techniques
and chemoradiotherapy, the clinical outcome
of ESCC patients remains unsatisfactory. Thus,
itis urgently needed to investigate the effective
molecular markers to improve the outcome of
patients with ESCC.
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Recent accumulating evidence suggests that
the notch signaling pathway plays a critical role
in carcinogenesis in many human malignancies
[24]. In the current study, we found that Notchl
and p53 were up-regulated in ESCC tissue.

Notch signaling regulated squamous-cell differ-
entiation to maintain epithelial integrity in the
oral-esophageal squamous epithelia [25].
Notchl, one of the key receptors in the Notch
signaling pathway, encodes an important mem-
ber of Notch family proteins [26]. Notchl has
been shown to be abundantly expressed in a
large variety of solid tumors promoting tumor
growth and invasiveness. As previously
described, high-levels coexpression of JAG1
and Notchl is associated with poor prognosis
in human breast cancer [27]. On the other
hand, Huang et al. demonstrated that reduced
expression of Notch-1 expression correlated to
advanced clinical stage (P=0.001) and lymph
node metastasis (P=0.026) associated in LAD
patients. This reflects both the complexity of
Notchl regulation in cancers, and its tissue
specificity.

In the current study, we found that Notchl was
highly expressed in 42.3% (52/123) of primary
ESCC patients. After survival analysis, Notchl
was shown to attain a significantly poorer prog-
nostic. Indeed, the Cox regression test showed
that Notchl protein was detected as an inde-
pendent prognostic factor. These outcomes
suggest that Notch1 is associated with ESCC. A
previous report showed that significant positive
correlation between abnormal tumor Notchl
expression and lymph node metastasis in
human lung adenocarcinoma [28]. In this
research, we also determined the expression of
Notchl in 123 ESCC specimens using immuno-
histochemistry and correlated this expression
with clinicopathological parameters. No posi-
tive correlations were found between Notchl
expression in tumor and lymph node metasta-
sis or vessel invasion, perineuronal invasion.
Thus, the metastatic potential of cancer cells
cannot be explained just by Notchl expre-
ssion.

P53 protein is encoded by the human gene
p53, which is composed of 393 amino acids
and is located at chromosome 17p13.1.
Mutation of the p53 protein plays an important
role in apoptosis and regulating cell growth and
promoting tumorigenesis [17]. It has been
reported that p53 may transactivate Notchl
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directly, and p53 dysfunction may lead to the
inactivation of Notch signaling [16]. The immu-
nohistochemical results revealed that p53 pro-
tein expression was detected in the nucleus of
cancer cells. In the current study, we found that
p53 was highly expressed in 61.8% (76/123) of
primary ESCC patients. Our finding is consis-
tent with the studies published by Kate et al.
[22]. Our results showed that high expression
of p53 in ESCC had a significant correlation
with elderly (P=0.008), lower tumor site
(P=0.033), and advanced pathological stage
(P=0.044). Positive p53 expression was signifi-
cantly more frequently found in T4 stage, which
was not reported in other studies. Although
p53 expression in T1-3 and T4 are different, the
survival of different pathological stage and p53
different expression was not significantly corre-
lated. These findings differed from other stud-
ies in that overexpression of p53 was associ-
ated with decreased survival [22, 29].
Discrepancies in the findings between previous
reports and our results may result from the dif-
ferences in patients’ characteristics between
these studies.

In conclusion, high expression level of Notchl
was associated with poor prognosis in ESCC.
We propose that the evaluation of Notchl
expression using an IHC assay is important and
useful in routine practice. However, as IHC anal-
ysis for p53 showed no association with prog-
nosis, further investigation is needed to verify
its prognostic role in ESCC.
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