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Recent studies showed that head and neck squamous cell carcinoma (HNSCC) including oral squamous
cell carcinoma (OSCC) of Caucasian, Chinese and Indian patients frequently have NOTCH1 mutations.
We found eight of 84 OSCC in Japanese patients have point mutations (9.5%) correspond to the ligand
binding region of NOTCH1 protein. Two set of them are the same mutations and all mutations are
non-synonymous G > A transitions. In addition, median disease-free survival is significantly longer in
patients with NOTCH1-mutated tumors as compared to those without the mutation (P < 0.05). The pro-
tein structure simulation based on X-ray crystallography indicated that new p.A465T mutation leads to a
conformational change of NOTCH1 ligand binding domain as well as the p.G481S mutant NOTCH1 with a
loss of flexibility around this residue. These results suggest that NOTCH1 mutation occurs frequently in
Japanese OSCC in the vicinity of the ligand binding region and, these mutations cause downregulation
of the NOTCH1 function.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Oral squamous cell carcinoma (OSCC) is one of the sixth most
common cancer in the world [1]. The incidence and mortality from
the disease vary geographically. In India, Bangladesh, Pakistan, and
Sri Lanka, OSCC is the most common cancer, accounting for about
one-third of all cancers [2]. Although a number of prognostic fac-
tors have been implicated to date [3], there is no biological marker
for OSCC. Several exome sequencing studies have examined Cauca-
sian head and neck squamous cell carcinoma (HNSCC) occurring at
a heterogeneous set of anatomical sites, including OSCC [3–6], and
found frequent NOTCH1 mutations, in addition to some mutations
known in solid cancers such as TP53, CDKN2A, PIK3CA and HRAS
[4–7]. High frequencies of NOTCH1 mutations were also observed
in Chinese OSCC [8].

NOTCH protein is a single-pass transmembrane receptor. Mam-
malian NOTCH family has four subtypes (termed NOTCH1–4), and
affects cell–cell interaction, proliferation, differentiation and apop-
tosis of diverse types of cell in a variety of organisms [9]. NOTCH
receptor consists of the NOTCH extracellular fragment domain
(NECD), transmembrane and the NOTCH intracellular fragment.
NECD consists of epidermal growth factor (EGF)-like repeats
1–36. EGF-like repeats 10–12 are important and sufficient for bind-
ing of Jagged and DLL family ligands [10–13]. After ligand binding,
NOTCH receptor is cleaved by gamma secretase complex and
releases NICD into the nucleus. NICD interacts with DNA-binding
protein RBPJ and the resulting complex activates Hes or Hey family
of transcription genes, thereby promoting downstream programs
[14].

NOTCH proteins regulate various oncogenes and tumor sup-
pressor genes, such as c-myc, PI3K, EGFR, PTEN, and TP53. Therefore,
NOTCH disorder may play a dual role in tumorigenesis. For exam-
ple, both overexpression and downregulation of NOTCH and
ligands have been implicated in several human cancers [15–18].
The first indication that NOTCH promotes tumorigenesis came
from the identification of a chromosomal translocation in a subset
of human T-cell acute lymphoblastic leukemia (TALL) [17]. Subse-
quently, activating mutations in NOTCH1 NICD were discovered in
more than 50% of human TALL [15]. For OSCC, there are some
in vitro studies [19,20], but the function of NOTCH1 for tumorigen-
esis is unsettled.
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Table 1
Patient clinicopathological characteristics.

Characteristics Patients

Total NOTCH1 mutation

Yes No
n = 84 n = 8 n = 76

Age (years)
69 ± 11.5 74.4 ± 7.7 68.7 ± 11.8

Sex
Men 51 (60.7) 7 (87.5) 44 (57.9)
Women 33 (39.3) 1 (12.5) 33 (42.1)

Localization
Tongue 30 (35.7) 2 (25.0) 28 (36.8)
Mandibular gingiva 28 (33.3) 1 (12.5) 27 (35.5)
Maxillary gingiva 10 (11.9) 2 (25.0) 8 (10.5)
Buccal 8 (9.5) 1 (12.5) 7 (9.2)
Floor 4 (4.8) 1 (12.5) 3 (3.9)
Hard palate 3 (3.6) 1 (12.5) 2 (2.6)
Lip 1 (1.2) 0 (0) 1 (1.3)

Histological differentiation
Well 49 (58.3) 7 (87.5) 42 (55.3)
Moderate 30 (35.7) 1 (12.5) 29 (38.2)
Poor 5 (6.0) 0 (0) 5 (6.6)

T stage
T1 25 (29.8) 5 (62.5) 20 (26.3)
T2 24 (28.6) 0 (0) 24 (31.6)
T3 6 (7.1) 0 (0) 6 (7.9)
T4 29 (34.5) 3 (37.5) 26 (34.2)

N stage
N0 46 (54.8) 5 (62.5) 41 (53.9)
N1 13 (15.5) 0 (0) 13 (17.1)
N2a 0 (0) 0 (0) 0 (0)
N2b 19 (22.6) 3 (37.5) 16 (21.1)
N2c 6 (7.1) 0 (0) 6 (7.9)
N3 0 (0) 0 (0) 0 (0)

Extracapsular spread lymph node metastasis
Yes 75 (89.3) 7 (87.5) 68 (89.5)
No 9 (10.7) 1 (12.5) 8 (10.5)

Treatment
Surgery only 51 (60.7) 4 (50.0) 47 (61.8)
Adjuvant RT 11 (13.1) 3 (37.5) 8 (10.5)
Adjuvant CCRT 19 (22.6) 1 (12.5) 18 (23.7)
Adjuvant CTX 3 (3.6) 0 (0) 3 (3.9)

Values are means ± SD or number (%) of patients.
Abbreviations: CCRT, concurrent chemoradiation therapy; CTX, chemotherapy; RT,
radiotherapy.
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In this study, we examined the sequence of NOTCH1 ligand
binding region in Japanese OSCC and investigated the clinical sig-
nificance of mutations as a prognostic marker.

2. Materials and methods

2.1. OSCC cell lines

The study included 6 OSCC cell lines. KON, HSC-3, HSC-4, OSC-
20, Ca9-22 were kind gifts from Dr. Takeshi Onda (Tokyo Dental
College, Tokyo, Japan) and SAS was purchased from Riken Cell Bank
(Tsukuba, Ibaraki, Japan).

2.2. Patients and clinical samples

Tumors and oral mucosa tissues were collected between April
2010 and November 2012 at the time of surgical resection from
84 treatment-naive OSCC patients. The patients had a median
age of 70.5 years at diagnosis and underwent a comprehensive
staging, radical resection, post-operative radiotherapy with or
without chemotherapy and follow-up from 1.9 years to 4.4 years
in the Department of Oral and Maxillofacial Surgery, Tokai Univer-
sity Hospital. Pathologists distinguished in a blind manner whether
the collected tissues were tumor or normal tissues.

Overall survival (OS) was defined as the time from the date of
diagnosis to the date of death or the last follow-up. Disease-free
survival (DFS) was defined as the time from surgery to disease
relapse.

This study was approved by the ethics committee of the Tokai
University School of Medicine (No.12 I-48). Informed consent
was obtained from all patients according to the Declaration of
Helsinki.

2.3. DNA extraction

Tissue samples were digested with proteinase K in a buffer con-
sisting of 150 mM NaCl, 10 mM Tris–HCl (pH 8.0), 10 mM EDTA
and 0.1% SDS. Genomic DNA was obtained by phenol chloroform
extraction followed by ethanol precipitation and stored in 10 mM
Tris–HCl (pH 8.0) containing 1 mM EDTA at �70 �C.

2.4. PCR and DNA sequencing

The entire coding region of NOTCH1 was sequenced in OSCC cell
lines. In clinical samples, we examined NOTCH1 exon 6–9 corre-
sponding to EGF-like repeats 10–13. Primer pairs for PCR amplifi-
cation and sequencing were designed using Primer3 (http://
www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi/). The
primer sequences are shown in Supplementary Data. PCR was per-
formed for 35 cycles in a total volume of 20 lL containing 7.5 ng of
extracted DNA as a starting template. The PCR mixture contained
1.0 units KOD FX neo (TOYOBO, Osaka, Japan), 8.0 mM MgCl2,
2.0 mM dNTP, and 0.3 lM primers (forward and reverse). PCR
products were purified and sequenced using Bigdye XTerminator�

(Lifetechnology, Carlsbad, USA) on the Applied Biosystems 3500
Genetic Analyzer. Sequences were analyzed by Sequencing Analy-
sis Software Version 5.4 (Lifetechnology). Variants were annotated
using gene structure from the NCBI RefSeq (NG_007458.1) tran-
script set.

2.5. Simulation of the 3D structure for NOTCH1 mutants

We simulated the structure of mutated NOTCH1 EGF-like
repeats 11–13 using molecular mechanics calculations based on
the high-resolution X-ray crystal structure of the ligand binding
domain of NOTCH1 (PDB: 2VJ3) [21]. A software system, Molecular
Operating Environment (Chemical Computing Group, Montreal,
Quebec, Canada) was used.
2.6. Statistical analysis

Continuous and categorical variables were compared using
Fisher’s exact test and the chi-square test. Survival curves were
estimated using the Kaplan–Meier method. All statistical analyses
were performed using the SPSS program (version 22), and P < 0.05
was considered significant.
3. Results

3.1. Patient characteristics

Clinical characteristics of 84 OSCC patients are shown in Table 1.
Overall, median DFS was significantly shorter for patients treated
with adjuvant therapy comprising radiotherapy with or without
chemotherapy than for those treated with surgery alone (30.2 vs.
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Fig. 1. The map of point mutations found in Japanese OSCC. Red square corresponds to the sequenced area of NOTCH1 in Japanese OSCC. The high-resolution X-ray crystal
structure of the ligand binding region was registered in protein data base by Cordle et al. (PDB: 2VJ3) (shown by blue arrow). Disulfide bonds are shown by light blue line. ⁄ :
3D simulation for these mutants are shown in Fig. 3. Abbreviations: EGF, epidermal growth factor; LNR, Lin/NOTCH repeats; HD, heterodimerization domain; TM,
transmembrane; RAM, the RBP-Jj-associated module; ANK, ankyrin repeats; TAD, transactivation domain; PEST, sequence rich in proline, glutamic acid, serine, and
threonine. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 2
Clinicopathological characteristics and NOTCH1 EGF-like repeats 10–13 mutations in Japanese OSCC.

Patient T stage N stage Stage Site Histological differentiation Survival Mutation Amino acid

2 4a 0 IV Tongue Well Alive G1133A p.S378N
6 1 0 I Tongue Well Alive G1160A p.C387Y

30 2 1 IV Up gum Well Alive G1181A p.G394D
32 1 0 I Low gum Well Alive G1393A p.A465T
39 4b 0 IV Buccal Well Alive G1393A p.A465T
51 2 0 II Tongue Well Alive G1127A p.C376Y
77 4a 2b IV Up gum Moderate Alive G1174A p.V392I
94 1 2b IV Palate Well Dead (pneumonia) G1127A p.C376Y

Abbreviations: T, tumor stage; N, lymph node metastasis stage.
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42.0 months, P < 0.01), for patients with well differentiated tumors
than for those with moderate or poor differentiated tumors (42.9
vs. 30.2 months, P < 0.01), for patients who were lymph node posi-
tive than for those who were lymph node negative (28.7 vs.
45.5 months, P < 0.01), and for patients with extracapsular spread
lymph node metastasis than for those without (23.1 vs.
39.9 months, P = 0.014). Median OS was significantly shorter for
patients who were lymph node positive than for those who were
lymph node negative (33.4 vs. 43.6 months, P < 0.01), but did not
differ with postoperative treatment, histological differentiation,
lymph node metastasis and extracapsular spread metastatic lymph
node did not differ significantly.
3.2. NOTCH1 mutations in Japanese OSCC

Sequencing of the entire NOTCH1 coding region in 6 OSCC cell
lines identified one point mutation, G1243A (p.E415K), in EGF-like
repeat 11 in one cell line. In clinical samples, we examined
NOTCH1 exon 6–9 corresponding to EGF-like repeats 10–13, which
is ligand binding region. Point mutations were identified in eight
(9.5%) of 84 tumors (Table 1 and Fig. 1) and all correspond to amino
acid substitutions. No mutation was found in the histologically
normal tissues that were resected along with NOTCH1-mutated
tumors.

The found mutations were all nonsynonymous G > A transitions
(Table 2 and Fig. 1). There were six types of mutations. Five types
occurred in EGF-like repeat 10: one mutation at codon 376 (C > Y)
in two tumors and one mutation at codon 378 (S > N), codon 387
(C > Y), codon 392 (V > I) and codon 394 (G > D), each in one tumor.
One type occurred in EGF-like repeat 12 at codon 465 (A > T) in two
tumors (Table 2). The rate of G > A transitions was 86.7% for EGF-
like repeats 10–13, which was significantly higher than 45.2% for
the entire area of NOTCH1 in HNSCC and OSCC according to the
previously described data (P < 0.001) [5,8,23].

None of the above mutations was found in the Catalog Of
Somatic Mutations In Cancer of Sanger Institute (Hinxton, UK) as
of August 28th, 2014.

3.3. Survival outcome

At a median follow-up time of 27.0 months, 23 (27.4%) patients
relapsed and 18 (21.4%) died in all 84 patients. The median and 2-
year DFS were 38.0 months (95% CI, 32.0–40.3 months) and 71.3%,
respectively. The median and 2-year OS were 41.7 months (95% CI,
34.6–42.7 months) and 79.0%, respectively.

Median DFS was significantly longer for patients with NOTCH1-
mutated tumors than for those with NOTCH1-normal tumors (no
relapse vs. 38.7 months, P = 0.042; Fig. 2). Median OS was not sig-
nificantly different between the groups.

3.4. 3D structural simulation

X-ray diffraction data are available only for EGF-like repeats
11–13 of human NOTCH1 [21], and EGF-like repeat 12 is most



Fig. 2. Disease free and overall survivals of Japanese OSCC patients with or without NOTCH1 mutations. Kaplan–Meier curves for disease free survival (left panel) and overall
survival (right panel) are shown.
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critical for ligand binding [10–13]. Therefore, we chose p.A465T
from Japanese OSCC and p.G481S from Caucasian [5], both in
EGF-like repeat 12, for the 3D structural simulation. The p.A465T
mutation would increase the solvent accessibility of the relevant
Fig. 3. Architecture of EGF-like repeats 11–13. (A) The overall structure of EGF-like repe
images of EGF-like repeat 12. Red, blue and green ribbons represent a-helix, b-sheet and
represent hydrogen bonds. (For interpretation of the references to colour in this figure l
amino acid residue, leading to a conformational change of NOTCH1
EGF-like repeats 11–13 (Fig. 3A and B). The p.G481S mutation
would cause a loss of flexibility around this residue due to the
newly formed hydrogen bond (Fig. 3C).
ats 11–13 is shown for wild-type, A465T mutant, and G481S mutant. (B) Enlarged
coils, respectively. (C) Enlarged images of the vicinity of mutation sites. Broken bars
egend, the reader is referred to the web version of this article.)
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4. Discussion

It is established that NOTCH1 plays an important role in not
only lymphomas and leukemia, but also various solid cancers
[9,22–25]. Exome sequencing studies demonstrated that the fre-
quency of NOTCH1 mutation in HNSCC has a wide range of varia-
tion (11.8–15.6% in Caucasian HNSCC [4,5] or 16.0–43.1% in
Asian OSCC [8,23]). These reports showed that most of the muta-
tions in HNSCC including OSCC occurred in NOTCH1 NECD, and
hypothesized that these mutations affect ligand binding. These
findings are in marked contrast to TALL and chronic lymphocytic
leukemia, where activating mutations of NOTCH1 were present
adjacent to the heterodimerization domain (HD), transactivation
domain (TAD) and sequence rich in proline, glutamic acid, serine,
and threonine (PEST) [15,24,25]. Our present study revealed a high
frequency of mutations in NOTCH1 NECD and, thus in line with
above hypothesis, suggests that ligand binding is compromised
in Japanese OSCC.

The critical role of human NOTCH1 EGF-like repeats 11–12 in
ligand binding is well established [11–13,26–28]. Recent studies
suggested interactions within different NOTCH1 EGF-like repeats
[29]. It was also reported that EGF-like repeat 10 may modulate
ligand binding region through a direct steric effect [10]. However,
the significance of these findings remains to be understood. We
focused our study upon NOTCH1 EGF-like repeats 10–13 coding
region. This region had point mutations in 9.5% of Japanese OSCC,
a rate higher than that in Caucasian HNSCC (0–6.3%) [4–7], Indian
OSCC (2.0%) [23] and Chinese OSCC (1.9%) [8]. Our analysis further
showed that G > A transitions were significantly more frequent in
EGF-like repeats 10–13 than the entire NOTCH1 in HNSCC and
OSCC (P < 0.001) [5,8,23]. These data revealed a high incidence of
mutations in NECD and suggest the likelihood of compromised
NOTCH1 ligand binding in Japanese OSCC.

A recent study reported that NOTCH1 expression was downreg-
ulated in OSCC and concluded that downregulation of NOTCH1
expression plays a major role in the histopathogenesis of epithelial
dysplasia [30]. In this regard, our 3D structural simulations indi-
cated that the p.A465T mutation found in 2 Japanese well-differen-
tiated OSCC would compromise ligand biding. Since altered
NOTCH1 ligand biding function is likely to have effects similar to
that of NOTCH1 downregulation, our present findings provide fur-
ther support for the above notion.

Our data showed that Japanese OSCC patients with NOTCH1-
mutated tumors had a longer median DFS as compared to
NOTCH1-normal tumors. Although NOTCH1 mutations were associ-
ated with a shorter DFS in Chinese OSCC [8], only one mutation of
42 NOTCH1 mutations found in 51 Chinese OSCC was located in the
ligand binding region. Thus, our present DFS is likely to represent
the impact of mutations affecting NOTCH1 ligand binding. Since
most of the previous reports concerned HNSCC rather than OSCC
specifically, further studies on OSCC patients are necessary to
unveil clinical significance of NOTCH1 mutations.

In conclusion, NOTCH1 mutations in the vicinity of the ligand
binding region occur frequently in Japanese OSCC. These mutations
may affect ligand binding and impact on tumor progression and
differentiation, and patient survival. Further studies are warranted
to clarify the function of NOTCH signaling in OSCC.
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