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Abstract: The Notch3 signaling pathway plays an important role in oncogenesis, tumor maintenance, and resistance 
to chemotherapy in human cancers. However, its role in prostate cancer (PC) is less clear. In this study, we inves-
tigated a total of 142 PC patients who underwent radical prostatectomy and examined the expression of Notch3 
in PC cells using immunohistochemistry on tissue microarrays and evaluated their clinicopathological significance. 
The overexpression of Notch3 was observed in 22 (15.5%) out of 142 PC cases. The overexpression of Notch3 was 
significantly associated with lymph node metastasis (P = 0.013), higher pT stages (P = 0.033), higher pathological 
tumor stages (P = 0.034), and higher grades groups (P = 0.025). However, the overexpression of Notch3 was not 
correlated with lympho-vascular invasion, neural invasion, extra-prostatic extension, or the serum prostate-specific 
antigen level. This study demonstrates that Notch3 plays an oncogenic function in PC and the overexpression of 
Notch3 is correlated with invasiveness, metastasis, and higher Gleason grades, reflecting the features of aggressive 
tumors in PC, and could be an important biomarker and a possible therapeutic target. Further studies evaluating 
the association between Notch3 expression and survival are required.
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Introduction

Prostate cancer (PC) is the most common 
malignancy diagnosed in men and the second 
leading cause of cancer-related mortality in the 
US [1]. Most PCs are generally slow-growing, 
localized in the prostate gland, and many pa- 
tients are managed by active surveillance rath-
er than aggressive treatments [2-4]. Patients 
with PC are currently stratified as having a low-, 
intermediate-, or high-risk form of the disease 
based on the risk of post-treatment relapse, 
and these risk categories use clinicopathologi-
cal factors, including the prostate-specific anti-
gen (PSA) level, clinical T stage, and biopsy 
Gleason score (GS) [5, 6]. Patients with low-risk 
PC are generally advised to undergo active sur-
veillance given the indolent clinical course the 
disease and the significant side effects of 
definitive therapy. Patients with intermediate- 
and particularly high-risk PC are at a significant 
risk for developing metastases and typically 
undergo radical prostatectomy (RT) and radia-

tion therapy [7-9]. However, even within the dif-
ferent risk categories, the clinical outcomes 
after treatment are diverse. Furthermore, alth- 
ough treatment modalities for PC have improv- 
ed, more than 30% of patients may eventually 
have their PC progress and metastasize/rela- 
pse and result in fatal outcomes [10]. Although 
the genomic and biomarkers for PC have been 
evaluated, there remains a lack of reliable, vali-
dated markers for use in the clinical setting [11, 
12].

The Notch pathway is comprised of 4 trans-
membrane receptors (Notch1 to 4) and 5 cell-
bound ligands (Jagged 1 and 2, Delta-like 1, 3, 
and 4) [13-15]. The ligands activate Notch 
receptors and initiate the Notch signaling path-
way. This Notch signaling pathway plays a cru-
cial role in cell differentiation, self-renewal, pro-
liferation, apoptosis, and death, so they have 
been considered key targets for the diagnosis 
and treatment of various diseases [16]. In the 
prostate, Notch plays an important role in nor-
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mal development, and its deregulation is a fea-
ture of tumorigenesis. Although most studies 
revealed that the Notch signaling pathway is 
upregulated in PC compared to benign prostat-
ic tissue, it remains unclear whether the func-
tion of Notch signaling in PC is to stimulate or 
inhibit PC progression [16]. Drabick and Schell 
suggested that moderate activation of the 
Notch signaling pathway could support tumor 
growth, but high or mild activation of it might 
inhibit growth [17]. A meta-analysis using gene 
profiling data indicated that the Notch signaling 
pathway shows distinctive features of aggres-
sive PC with high GS [18-20]. Jagged 1 and 2 
are highly expressed in metastatic PCs [19, 
21]. The expression of Notch1 in PC is contro-
versial. Notch1 expression increased in PC with 
higher GS [22], but the other study revealed a 
decreased expression in PC compared to 
benign prostatic tissue [23]. Using gene expres-
sion analysis, Ross reported that Notch3 is 
highly expressed in PC and has a metastatic 
potential. However, the study was conducted in 
PC with only GS 6 (3 + 3) or 8 (4 + 4) [19]. The 
aim of this study is to evaluate Notch3 expres-
sion and its clinicopathological and prognostic 
significance in PC using immunohistochemi- 
stry.

Materials and methods

Study samples

The study cohorts consisted of 142 PC patien- 
ts who underwent RT from January 2005 to 
October 2017. Medical records were reviewed 
to determine their most recent follow-up visit, 
survival status, and pre- and post-operative 
PSA levels. Resected prostate specimens were 
fixed for 1-2 days in 10% neutral-buffered for-
malin, and subsequently, after removal of the 
apical and bladder neck margins, were sec-
tioned transversely at 3- to 4-mm intervals 
from the apex to the base. Whole sections were 
stained with hematoxylin and eosin (H&E) and 
then evaluated with respect to tumor location, 
tumor size, lympho-vascular invasion, perineu-
ral invasion, lymph node metastasis, surgical 
margin status, pathological tumor stage, grade, 
and prognostic grouping, as previously report-
ed [24]. The Gleason scoring system was app- 
lied based on documentation from the Inter- 
national Society of Urological Pathology pub-
lished in 2014 and on the new patient-centric 
grading system [25].

Overall survival (OS) was calculated from the 
date of RT to the date of death or the last fol-
low-up. Disease progression was defined as a 
persistent or rising PSA level, greater than 0.4 
ng/mL, on at least 2 occasions, a biopsy-prov-
en local recurrence, or evidence of distant me- 
tastasis by a bone scan or other tests. The fol-
low-up period ended on July 31, 2018. The 
study was approved by the Human Ethics 
Review Board of Yeungnam University Hospital 
(2018-07-027).

Immunohistochemistry with tissue microarray 
block

Tissue microarray blocks (TMAs) were con-
structed as two, 2-mm tissue cores from the 
area containing the most dominant Gleason 
grade pattern, one core from the area with the 
secondary Gleason grade pattern, and one 
core from an adjacent benign glandular area, 
as previously described [24].

Staining was performed on the TMA sections (4 
μm) from formalin-fixed and paraffin-embedded 
tumor tissue. The sections were deparaffinized, 
and antigen was retrieved with an autoclave for 
10 min at 121°C. Endogenous peroxidase ac- 
tivity was blocked. A rabbit polyclonal anti-No- 
tch3 antibody (1:80, clone sc-515825, Santa 
Cruz, Biotechnology, CA, USA) was incubated 
with the sections for 1 h at room temperature. 
Detection was performed using an Envision + 
System peroxidase kit (DAKO, Carpinteria, CA, 
USA) from 30 min. 

Immunohistochemical analysis

The sections were assessed by investigators 
who were blinded to the patients’ clinicopatho-
logical information. Immunostaining intensity 
was scored as negative, faint or weak, moder-
ate to strong; granular cytoplasmic and nuclear 
staining in 50% or more of the PC cells. There 
was no immunostaining on the basal and lumi-
nal cells of the normal prostatic glands. Faint 
staining was observed in the stromal cells. The 
expression of Notch3 was determined to be 
one of the following: low expression, negative 
and faint; overexpression, moderate to strong 
expression.

Statistical analyses

The associations between the Notch3 overex-
pression and the clinicopathologic factors were 
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performed using a chi-square test or Fisher’s 
exact test. OS was defined as described above. 
Disease-free survival (DFS) was defined as the 
postoperative interval without a known recur-
rence or metastasis. Survival curves were cal-
culated using the Kaplan-Meier method. On the 
univariate and multivariate analyses, the Cox 
proportional hazard regression model was us- 
ed to evaluate the potentially related prognos-
tic factors for survival (IBM SPSS version 23; 
IBM Co., Armonk, NY, USA). A value of P < 0.05 
indicated statistical significance.

Results

Patient characteristics

The patients ranged in age from 47 to 79 years 
(mean 66 years), and the patients were fol-
lowed for a median of 31 months (range, 0-131 
months). Their serum PSA levels at diagnosis 
ranged from 3.59 ng/mL to 175 ng/mL (mean 
18 ng/mL). During their follow-up periods, 7 
patients died; 6 patients died from another dis-
ease (e.g., stomach cancer, bladder cancer, 
lung cancer, and myocardial infarction) or from 
an unexpected event. Only 1 patient experi-
enced metastasis to the sacrum (DFS, 12 
months), with PC recurrence (urinary bladder), 

and died. The GS was 9 (4 + 5) and TNM (Tu- 
mor, Node, Metastases) was pT3aN0M0 at dia- 
gnosis.

Notch3 expression and its clinicopathological 
significance

Overall, 22 (15.5%) of 142 PC cases showed an 
overexpression on Notch3 (Figure 1). The over-
expression of Notch3 was significantly associ-
ated with lymph node metastasis (P = 0.013), 
higher pT stages (P = 0.033), higher pathologi-
cal tumor stages (P = 0.034), and high grade 
groups (P = 0.025). However, the overexpres-
sion of Notch3 was not correlated with lympho-
vascular invasion, neural invasion, or serum 
PSA level, as summarized in Table 1.

Survival results

No association was observed between Notch3 
overexpression and OS. No independent prog-
nostic factor was identified from the multivari-
ate analysis.

Discussion

Early detection with advances in screening 
have made it possible to detect PC in the local-
ized stage in most patients, thus providing a 

Figure 1. Examples of the expression patterns of Notch3 in cases of prostate cancer (A) No expression; (B) Weak 
expression; (C) Overexpression (immunohistochemical stain, ×200).
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relatively favorable prognosis and long-term 
survival by using standard therapeutics [26]. 
However, despite early detection, between 9% 
and 22% of newly diagnosed patients have a 
GS of 8-10 [19]. Moreover, even some patients 
with early stage PC show dismal clinical out-
comes with surgery or radiation therapy alone 
[27]. GS is still the most potent predictor of PC 
mortality following therapy [19, 28]. Thus, the 
identification of molecular markers that are 
associated with aggressiveness and metasta-
sis is essential for predicting the clinical out-
comes and deciding which PC treatment should 
be used.

The Notch signaling pathway regulates a wide 
variety of cellular processes, including cellular 
differentiation, survival, self-renewal, prolifera-
tion, and the cell cycle during development, and 
plays an important role in human malignancies 
[14, 29]. Although the Notch signaling pathway 
works as a tumor suppressor in some human 
malignancies, more recent studies support the 
theory that the Notch3 signaling pathway plays 
an oncogenic function by promoting prolifera-
tion, blocking differentiation, and inhibiting 
apoptosis [30]. 

In ovarian cancer, Notch3 overexpression is 
related to recurrence, advanced stages, lymph 
node metastasis, or chemo-resistance [31, 
32]. Moreover, a higher Notch3 expression is 
associated with a poor prognosis in lung adeno-
carcinoma [33] and is a prognostic biomarker 
in pancreatic adenocarcinoma, with its expres-
sion being related to tumor stage and lymph 
node metastasis [34]. Notch3 overexpression 
also enhances tumor growth and chemo-resis-
tance in urothelial carcinoma [35]. However, 
there are limited studies on the importance of 
the Notch pathway in PC, with some in vitro 
studies indicating a role for Notch1 and the 
Jagged 1 ligand.

Regarding Notch3, Long suggested that the 
Notch3 gene is one of the biomarkers that 
could predict the clinical recurrence of PC after 
RT [2]. Furthermore, PC with metastatic poten-
tial reveals an upregulation of the Notch3 
receptor. However, this study was conducted in 
PC with only GS 6 (3 + 3) and 8 (4 + 4). Higher 
GS 8 (4 + 4) revealed more metastatic potential 
[19]. Danza et al. reported that hypoxia triggers 
the activation of Notch3, and Notch3 overex-
pression has a significant correlation with 
Gleason grade, so PC with Notch3 overexpres-
sion requires a more aggressive therapy [36]. 
Zhang et al. suggested that Notch3 overexpres-
sion was associated with chemoresistance 
[35]. In this study, Notch3 was highly correlated 
with tumor invasion, especially in PCs with sem-
inal vesicle invasion as compared with PC wi- 
thin the prostate or with capsular invasion. 
Moreover, lymph node metastases were more 
evident in Notch3 overexpressing PC. As the 
stage of PC increases, Notch3 tends to become 
more overexpressed. Notch3 is also more 
expressed in higher grade groups (> 3) than in 
lower grade groups (1 and 2). Our study sup-
ports the hypothesis that Notch3 overexpres-

Table 1. Correlation between pathological factors 
and the expression of Notch3 in prostate cancer

Variable
Notch3

P
Negative Positive

Vascular invasion 0.700
    Present 23 (82.1) 5 (17.9)
    Absent 97 (85.1) 17 (14.9)
Neural invasion 0.301
    Present 62 (81.6) 14 (18.4)
    Absent 58 (87.9) 8 (12.1)
pN stage 0.013
    N0 75 (86.2) 12 (13.8)
    N1 1 (25.0) 3 (75.0)
Extra-prostatic extension 0.134
    Present 45 (78.9) 12 (21.1)
    Absent 75 (88.2) 10 (11.8)
Capsule invasion 0.079
    Present 63 (79.7) 16 (20.3)
    Absent 57 (90.5) 6 (9.5)
pT stage 0.033
    pT2 67 (88.2) 9 (11.8)
    pT3a 40 (87.0) 6 (13.0)
    pT3b 13 (65.0) 7 (35.0)
Stage 0.034
    I 1 (100) 0 (0)
    II 67 (88.2) 9 (11.8)
    III 50 (83.3) 10 (16.7)
    IV 2 (40.0) 3 (60.0)
Serum PSA (ng/mL) 0.363
    < 10 68 (88.3) 9 (11.7)
    ≥ 10 & < 20 27 (81.8) 6 (18.2)
    ≥ 20 25 (78.1) 7 (21.9)
Grade groups 0.025
    Grade group 1 + 2 64 (91.4) 6 (8.6)
    Grade group 3 + 4 + 5 56 (77.8) 16 (22.2)
Values are presented as number (%).
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sion in PC is associated with tumor aggressive-
ness and may serve as a useful poor prognosis 
biomarker in PC.

Recent research into Notch pathway activity in 
cancer cells revealed that Notch signaling pro-
motes the epithelial to mesenchymal transition 
[37, 38], enhances cancer stemness, and is 
resistant to conventional chemotherapies [39]. 
Recently, targeting the Notch pathway using 
gamma-secretase inhibitors (GSIs) to prevent 
cleavage of the oncogenic domain of Notch 
molecules and suppress Notch activity has gar-
nered a great deal of attention [40]. The GSIs 
also blocked human prostate epithelial cell 
growth [41]. However, no benefits of using 
these GSIs have been reported for PC in clinical 
trials registered at the National Institutes of 
Health [16]. Future studies with extensive and 
consistent experimental data about the role of 
the Notch pathway are required to clarify the 
therapeutic effects of GSIs on PC.

Although we could not get meaningful results in 
relation to patient clinical outcomes because 
only 1 patient’s death was PC-related, our study 
supports the theory that the Notch3 plays an 
oncogenic function in PC, and the overexpres-
sion of Notch3 is associated with tumor aggres-
siveness, lymph node metastasis, and higher 
grade groups of PCs.

In conclusion, we evaluated Notch3 expression 
using immunohistochemistry in PC. Notch3 
plays oncogenic function in PC, and the overex-
pression of Notch3 is associated with tumor 
invasiveness, metastasis, and higher grade 
groups. Although larger scale studies with suf-
ficient survival data are needed to confirm our 
results, Notch3 may be a biomarker for aggres-
sive tumor features in PC and this study will 
inspire future research on Notch3-based tar-
geted therapy.
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