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Aim: The aim of this study was to assess if the expression of Notch 1 receptor is associated
with tumor aggressiveness in papillary thyroid carcinomas (PTCs).

Patients and methods: By secarching the electronic medical record system of Xin Hua
Hospital, all cases of PTC patients who underwent thyroidectomy in the hospital between 2013
and 2014 were retrieved. Then, the cases of patients who had a history of any other malignancy
or whose thyroid tumor specimen was not available for assay were rejected. Finally, 68 cases of
PTC patients were obtained. Formalin-fixed paraffin-embedded tissue blocks of these patients
were studied by immunohistochemistry to learn the expression of Notch 1 receptor. Meanwhile,
the clinical data of these patients including sex, age, size of the tumor, presence of node metas-
tasis or distant metastasis, and presence of capsule invasion and tumor multicentricity were
collected. Pearson’s chi-square test or Fisher’s exact test was used for measuring statistical
differences in categorical variables. All the statistical tests were two-sided. A P-value <0.05
was considered to be statistically significant.

Results: A total of 19 male and 49 female PTC patients with a mean age of 44.8+13.6 years
(range 18-78 years) were studied. Notch 1 receptor expression was found in 15/68 (22%)
samples of PTC. The expression of Notch 1 receptor was significantly associated with tumor
size (P=0.021), distant metastasis (P=0.008), capsule invasion (P=0.001), tumor multicentricity
(P=0.018), and age (P=0.033). However, the expression of Notch 1 receptor was not significantly
correlated with node metastasis (P=0.096) and sex (P=0.901).

Conclusion: The expression of Notch 1 receptor is associated with tumor aggressiveness in
PTC, and may be used as a molecular marker of tumor invasiveness in PTC. PTC patients who
show positive expression of Notch 1 receptor may benefit from radioiodine remnant ablation.
Keywords: papillary thyroid carcinoma, Notch 1 receptor, tumor aggressiveness, radioiodine
remnant ablation

Introduction

Receptors and ligands of the Notch family are widely expressed in normal, reactive,
and neoplastic tissues as important regulators of cellular growth and differentiation.'
The role of the Notch signaling pathway in a variety of malignant tumors has been
investigated. In human cancer cells, Notch plays a dual role as either an oncogene or a
tumor suppressor. On one hand, the activation of the Notch signaling pathway inhibits
apoptosis or chemoresistance of cancer cells in ovarian, colorectal, or pancreatic cancer,
suggesting an oncogenic role.*” On the other hand, the activation of the Notch signaling
pathway has been shown to inhibit the growth of prostate cancer, small-cell lung cancer,
basal cell cancer, and pancreatic carcinoid, suggesting a role of cancer suppressor.® !
Studies on the Notch signaling pathway or Notch receptor in thyroid cancer

are mainly focused on poorly differentiated thyroid cancer (DTC) or anaplastic
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thyroid cancer. The role of the Notch receptor or signaling
pathway has not yet been fully elucidated in DTC. The role
of the Notch signaling pathway in thyroid cancers may
differ apparently according to their histological type. The
aim of this study was to examine whether there was some
association between Notch 1 receptor expression and tumor
aggressiveness in papillary thyroid carcinoma (PTC) by
immunohistochemistry (IHC).

Patients and methods

Patients

This was a retrospective study, and the patients in this study
were consecutively enrolled. Patients provided written
informed consent to participate. The study was approved
by the Institutional Review Board of Xin Hua Hospital,
Shanghai Jiao Tong University, School of Medicine (Shang-
hai, People’s Republic of China) and in accordance with
the precepts established by the Helsinki declaration. All the
cases of PTC patients who underwent thyroidectomy in our
hospital between 2013 and 2014 were retrieved by search-
ing the electronic medical record system. After rejecting the
cases of patients who had a history of any other malignancy
or whose thyroid tumor specimen was not available for [IHC
assay, 68 cases of PTC were finally obtained in this study.
Information on demographic characteristics and pathological
variables were abstracted. The demographic and clinical
variables included age, sex, tumor size, status of lymph node
metastasis or distant metastasis, and presentation of capsule
invasion and tumor multicentricity.

IHC assay of Notch | receptor

The specimens of these 68 PTC patients were confirmed
histologically by a pathologist who specialized in thyroid
pathology. IHC staining was performed on sections (4 um
thick) and deparaffinized through graded alcohols. Endogenous
peroxidase activity was blocked with 3% hydrogen peroxide
for 10 minutes. For antigen retrieval, tissue slides were heated
in 0.01 M sodium citrate solution (pH 6.0) in a pressure cooker
treated for 30 minutes. Nonspecific binding was blocked with
10% normal rabbit serum for 10 minutes. The tissue slides
were incubated with anti-Notch-1 primary antibody (Notch
1 (D1E11) XP® Rabbit mAb, 1:100 dilution; Cell Signaling
Technology, MA, USA) for 6 hours at room temperature. The
slides were then incubated with biotinylated rabbit anti-mouse
immunoglobulin for 10 minutes and reacted with horse radish
peroxidase for 10 minutes. For a negative control, the primary
antibody was omitted in the staining procedure.

Interpretation of immunohistochemical
staining

IHC staining was assessed in five power fields at 200x
magnification. Immunoreactivity was evaluated semiquan-
titatively based on staining proportion and intensity. The
stained tissues were scored by a pathologist who was blinded
to patients’ clinical data. The intensity of the immunoreac-
tion for Notch 1 was measured using a descriptive scale as
follows: negative staining, weakly positive staining, and
positive staining (Figure 1).

Statistical analysis

Pearson’s chi-square test or Fisher’s exact test was used for
measuring statistical differences in categorical variables.
All the statistical tests were two-sided. A P-value <0.05
was considered to be statistically significant. All the calcula-
tions were carried out using the SPSS version 13.0 statistical
software package (SPSS Inc., Chicago, IL, USA).

Results
Patients and basic clinicopathological

characteristics

Of the 68 patients included in the study, 19 were males
and 49 were females, whose mean age at surgery was
44.8+13.6 years (range 18—78 years). Patient and tumor
characteristics in the study are shown in Table 1.

IHC of Notch | receptor

As shown in Table 2, Notch 1 receptor expression was found
in 15 of 68 cases (22.1%). The expression of the Notch 1
receptor was significantly associated with poor prognostic
markers including larger tumor size (P=0.021), distant
metastasis (P=0.008), capsule invasion (P=0.001), tumor
multicentricity (P=0.018), and age (P=0.033). However,
there was no significant association with node metastasis
(P=0.096) and sex (P=0.901).

Discussion

Radioiodine remnant ablation (RRA) is believed to be ben-
eficial in decreasing the rate of recurrence in the high-risk
group of DTC.'2!3 However, not all the PTC patients need the
RRA according to the guidelines.'*'> In order to determine
whether a PTC patient could benefit from RRA, the current
evaluation system, mainly consisting of clinicopathological
characteristics such as histological type, TNM staging, and
age and sex of patients, is used to identify whether a patient
is in a high-risk group.'*!3

submit your manuscript

1520

Dove

OncoTargets and Therapy 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove Expression of Notch | receptor associated with tumor aggressiveness in PTC

et

¥
T

ol )
ad - X"-' 3
{5t v ‘: ve
_q-.'- .“.,'1’-‘. R A
VRN S g2 e
e Ba, e ".ﬁ:
g‘(-g' 5, é'l'?z is‘c,. -
IR AR A e
e b7y Pl AL
5 3y
jﬂ.‘,/ P Y
03 5 0t e
w‘ﬁ 1}1_;_"- t.‘;.‘* 2
S ¥
‘i;' Boga v vajsiis g 5o
s >, [ 4 %
’-"E s A ..‘u';’.:ﬂv .
Li0E 7o 200 A nudd &
I.l' '? -‘; - ‘:"""‘:.“

- .5
s L)

v '\“l'.!

PP
3o
e
¥ -
-
Sx

$e
T ({_}!'.

Figure | Representative Notch | receptor immunohistochemistry (200x) of three papillary thyroid carcinomas.
Notes: (A) Notch I-negative group, (B) Notch |-weakly positive group, and (C) Notch |-positive group. Intratumoral erythrocytes served as positive controls.
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Table | Basic clinicopathological features of tumors Much data have shown that some molecular markers or
Features Frequencies signaling pathways may have close relationship with tumor
Number Percentage  genesis or development.'é The Notch receptor has been shown

Sex to be such a molecular marker."” The Notch signaling was
Male 19 27.9 first linked to tumorigenesis in T-cell acute lymphoblastic

Agze(r::zs) “ 7! leukemia.'® From then on, aberrant Notch signaling has been
=45 29 4.6 investigated in various tumors. The Notch pathway is known
>45 39 57.4 to play the role of either an oncogene or a tumor suppres-

Tumor size (cm) sor depending on the level of signaling activity and type
i; Tg ?ii of cancer cells.*!"" However, limited studies on the Notch

Node metastasis signaling pathway or receptor in DTC have been conducted,
Absent 31 45.6 and the role of Notch receptor expression in DTC is not
Present 37 S44 clear. In this study, we investigated the correlation between

Distant metastasis . .
Absent 64 94,1 the expression of Notch 1 receptor and tumor aggressive-
Present 4 5.9 ness in PTCs.

Capsular invasion As we know, large tumor size, lymph node metastasis,
Absent 59 86.8 . . . . . ..
Present 9 132 distant metastasis, capsule invasion, and multicentricity are

Multicentricity high-risk clinicopathological characteristics in PTC. Post-
Absent 49 721 surgical PTC patients with these high-risk variables are
Present 19 27.9 advised to accept RRA according to the guidelines because

OncoTargets and Therapy 2016:9 submit your manuscript 1521

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Fu et al

Dove

Table 2 Observations of expression of Notch | receptor by IHC

Characteristics Notch | receptor P-value
Negative Positive
N=53 (%) N=15 (%)

Sex
Male 15 (78.9) 4 (21.1) 0.901
Female 38 (78.4) I (21.6)

Age (years)
<45 27 (90.0) 3(10.0) 0.033
=45 26 (68.4) 12 (31.6)

Tumor size (cm)
=2 48 (82.8) 10(17.2) 0.021
>2 5(50.0) 5(50.0)

Node metastasis
No 27 (87.1) 4 (12.9) 0.096
Yes 26 (70.3) I (29.7)

Distant metastasis
No 52 (81.3) 12 (18.7) 0.008
Yes | (25.0) 3(75.0)

Capsule invasion
Yes 3/33.3 6 (66.7) 0.001
No 50 (84.7) 9 (15.3)

Multicentricity
Yes I'1(57.9) 8 (42.1) 0.018
No 42 (85.7) 7(14.3)

Abbreviation: IHC, immunohistochemistry.

these patients are prone to recurrence or metastasis.'*!
The purpose of our study was to find if there is some asso-
ciation between the expression of Notch 1 receptor and
these high-risk clinicopathological characteristics. The IHC
result of the study showed that the expression of Notch 1
receptor was closely related to larger tumor size (>2 cm),
distant metastasis, capsule invasion, and multifocal tumor.
This implies that PTC patients with positive expression of
Notch 1 receptor may tend to have more tumor invasiveness
and could benefit from RRA. Park et al also studied the role
of Notch receptor expression in PTC patients in an IHC study
and found similar results in their study."

Interestingly, the expression of Notch 1 receptor was not so
closely related to node metastasis in our results. This result is
contrary to the finding of Park et al.!” They found that Notch 1
receptor expression was closely related to node metastasis,
and believed that Notch 1 receptor expression may be a pre-
dictive marker of node metastasis. In fact, there is often a con-
flict over the prognostic impact of lymph node involvement in
DTC, especially regarding survival. Though several studies
have identified an association between lymph node metastases
and increased risk of cancer-related death,?’?! other studies
failed to demonstrate an effect on mortality rates.”>* Our
data show that Notch expression is not necessarily associ-
ated with node metastasis. But, our result may imply that the

expression of Notch 1 receptor might not pose any effect on
node metastasis in PTC patients.

In our study, we also analyzed the relationship between
the expression of Notch 1 receptor and age and sex of the
patients. The results showed that only age had close associa-
tion with the expression of Notch 1 receptor. As we know,
the TNM system is the most widely adopted system for
PTC. The TNM system for DTC considers a patient’s age at
diagnosis as an important variable. Although patients under
45 years of age have far more frequent lymph node involve-
ment, they also have a far better outcome than older patients.
With regard to sex of patients, there is no significant differ-
ence in mortality between males and females, though the
incidence of PTC in females is higher than males according
to the SEER investigation.?*

A limitation of our study is its small sample size, though
we think some features are already statistically different
between samples with negative and positive Notch 1 receptor
expression with the available sample size. This is mainly
due to the lack of surgical specimens and surgical specimen
size restrictions in this study. The other limitation of our
study is that we have not conducted further experiments to
investigate the possible mechanism involved in the associa-
tion between Notch expression and tumor aggressiveness in
PTC. Future experiments may be needed to supplement and
improve the current results.

Finally, we draw the following conclusion that the
expression of Notch 1 receptor is closely associated with
tumor aggressiveness in PTC patients. The expression of
Notch 1 could be used as an important indicator of tumor
invasiveness in PTC.
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