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A B S T R A C T

The transmembrane receptor NOTCH1 is thought to be associated with the development and progression of T-
acute lymphoblastic leukemia (T-ALL)/T-lymphoblastic lymphoma (T-LBL) and chronic lymphocytic leukemia
(CLL)/small lymphocytic lymphoma (SLL). The current study aimed to characterize NOTCH1 expression and
elucidate the variants in the functional PEST domain of the receptor in T-ALL/LBL and CLL/SLL. The nuclear
expression of NOTCH1 protein was detected in 25% and 5% of cases of T-ALL/LBL and CLL/SLL, respectively,
whereas cytoplasmic expression was detected in 33.3% and 15% cases, respectively. The frequency of variants in
T-ALL/LBL was 33%, whereas 40% of CLL/SLL cases possessed variants. Four novel variants were identified;
three of which were non-synonymous and one common variant c.7280_7280delG between T-ALL/LBL and CLL/
SLL cases. The previously described variant, c.7541_7542delCT, was detected in 3 cases of CLL/SLL. These
results provide support for the contribution of NOTCH1 in the etiology of these types of cancers.

1. Introduction

NOTCH1 receptor plays an important role in the regulation of cri-
tical cellular processes such as proliferation, stem cell maintenance, and
differentiation during embryonic and adult development [1]. It is a
transmembrane protein that can also act as a ligand-activated tran-
scription factor [2]. NOTCH1 signaling pathway is initiated by Jagged
or Delta ligand. The ligand binds to the receptor on neighboring cells
and induces a cascade of proteolytic cleavages. This results in the re-
lease and nuclear translocation of the notch intracellular domain
(NICD) initiating a short-term transcriptional activation cascade [3].
Aberrations in this signaling pathway have been reported in various
diseases especially hematological and solid malignancies [2].

In adult hematopoiesis, NOTCH1 has an indispensable function in T-
cell development and differentiation [4,5]. The constitutive activation
of NOTCH1 gene was first observed in the t(7;9)(q34;q34.3) translo-
cation found in< 1% of human T-acute lymphoblastic leukemia (T-
ALL) [6]. A previous study has revealed that> 50% of human T-ALL
cases harbor activating NOTCH1 variants [7]. These variants involve

mostly the heterodimerization domain (HD) and/or the C-terminal
PEST domain. Variants within the HD region result in constitutive ac-
tivation of the signaling pathway due to ligand-independent cleavage of
NOTCH1 [8,9]. On the other hand, PEST variants increase the half-life
and the stability of NOTCH1 [10].

Likewise, NOTCH1 activating variants are recurrently associated
with chronic lymphocytic leukemia (CLL) [11]. In contrast to T-ALL,
NOTCH1 signaling activation mechanism in CLL is ligand dependent
[12]. The NOTCH1 variants occur in ~10% of CLL at diagnosis and
their frequency increases with disease progression [13]. Due to the
oncogenic effect of NOTCH1, there is interest in therapeutic targeting of
the protein in cancers with antagonists such as inhibitory antibodies
and gamma-secretase inhibitors (GSI) [14]. Ideally, such trials focus on
treatment of patients whose tumors show evidence of constant NOTCH1
activation.

Although there are several reports of NOTCH1 variants, most of
them have come from Western countries [14-17] and few from East
Asia [18,19]. There are limited data from the Middle East and none
from Jordan. In this study we aimed to investigate variants within the
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PEST domain of NOTCH1 in T-ALL/lymphoblastic lymphoma (LBL) and
CLL/small lymphocytic lymphoma (SLL) cancers, and to compare their
frequency with the reported studies. Moreover, we characterized
NOTCH1 expression in lymph node (LN) and bone marrow (BM).

2. Materials and methods

2.1. Samples

Formalin-fixed, paraffin-embedded (FFPE) tissue blocks of cases
diagnosed in 2014 and 2015 were retrospectively supplied from Jordan
University Hospital and King Hussein Cancer Center. A total of eighty
two (n=82) FFPE tissue specimens were tested in this study. Thirty
seven of them were diagnosed as T-ALL/LBL (12 LN and 25 BM),
whereas forty five samples were diagnosed as CLL/SLL (20 LN and 25
BM). The study was approved by the Scientific Research Committee at
the School of Medicine, The University of Jordan, and the Institutional
Review Board at King Hussein Cancer Center. Tissue sections were used
for both immunohistochemistry and DNA extraction.

2.2. Immunohistochemistry

Monoclonal anti-NOTCH1 antibody (clone A6, Quartett
Immunodiagnostika, Biotechnologie, + Kosmetik Vertriebs GmbH,
Germany) was used at a dilution of 1:20. Pancreatic tissue was stained
in each run as a positive control. All tissue specimens were cut into 4-
μm thin sections. The sections were rehydrated in xylene and alcohol of
different concentrations. Antigen retrieval was performed by placing
the tissue sections in a citrate buffer (pH 6.0) and heated at 95 °C for
15min in a microwave. Incubation with the primary antibody was
performed for 60min followed by the secondary horseradish perox-
idase-conjugated anti-mouse antibody (Leica, United Kingdom) for
30min. Staining was detected using the Novolink Detection kit (Leica,
United Kingdom). Nuclear staining within the cells was considered as a
positive result, whereas cytoplasmic staining was noted as a negative
result. All cases were reviewed by at least two hematopathologists.

2.3. DNA extraction and amplification

DNA was extracted from the FFPE tissue samples using DNA ex-
traction kit (Zymo Research, USA) following manufacturer's protocol.
Four pairs of primers were optimized for DNA amplification (Table 1).
The amplicons cover 80% of PEST domain. Amplification of a portion of
the actin gene was used as a control to ensure absence of PCR inhibitors
in the reaction. Reactions lacking DNA template were used as a nega-
tive control to rule out the presence of contaminating DNA residues.

2.4. Sequence analysis

The PCR products were purified and sequenced using the forward
primer by Sanger sequencing (Genewiz Inc., South Plainfield, NJ, USA).
Sequence analysis was performed using ChromasPro software
(Technelysium Pty Ltd., Tewantin, Australia). Sequences were com-
pared with the reference sequences for genomic DNA (GenBank ac-
cession number: NG_007458) using Magic-Basic Local Alignment
Search Tool (Magic-BLAST version 1.1.0) of the National Center for

Biotechnology Information (NCBI). Possible deleterious effects of each
variant on protein structure/function were predicted using the in silico
tools SIFT algorithm (http://sift.bii.a-star.edu.sg/), PROVEAN (http://
provean.jcvi.org/genome_submit_2.php), Polymorphism Phenotyping
v2 (Polyphen2; http://genetics.bwh.harvard.edu/pph2/), and
MutationTaster tool (www.mutationtaster.org). The frequency of var-
iants was assessed using the Genome Aggregation Database (gnomAD).

3. Results

3.1. Expression of active NOTCH1 in T-ALL and CLL/SLL

Upon investigating expression of NOTCH1, 3/12 (25%) LN cases
and none of BM samples of T-ALL showed diffuse nuclear staining for
NICD (Fig. 1A). On the other hand, cytoplasmic positivity was noted in
4 LN cases and 3 BM cases (Fig. 1B). In contrast, nuclear staining in
CLL/SLL cases was less frequent. Only 1/20 (5%) was positive in LN
cases (Fig. 1C), in addition to 3 cases having cytoplasmic staining in the
LNs (Fig. 1D). None of the BM samples of CLL/SLL cases was positive.
Focal positivity was noted in stromal cells in the BM, which were
consistent morphologically with histiocytes. A positive control of pan-
creatic tissue was routinely performed (Fig. 1E).

3.2. NOTCH1 variants in T-ALL

The frequency of NOTCH1 variants was analyzed in 12 T-ALL
samples that were successfully amplified. Sequencing revealed that 4/
12 (33%) of the samples possessed somatic variants. In total, three
novel variants were identified: A novel one bp deletion
(c.7280_7280delG) was found in three samples (3163, 5015, and 2412),
and two novel missense variants c.7322C>A and c.7093T>G in
samples 5015 and 7075 respectively (Table 2; Fig. 1S). The
c.7280_7280delG variant would result in a frameshift (p.Gly2427Alaf-
sTer8) leading to a premature termination codon (PTC) at amino acid
residue 2434. However, in silico prediction tools predicted the
c.7322C>A variant as benign, whereas c.7093T>G variant was
predicted as pathogenic (Table 2). Both variants were highly conserved
in vertebrates and not reported in gnomAD.

3.3. NOTCH1 variants in CLL/SLL

Twenty LN cases of CLL/SLL were successfully amplified and ana-
lyzed for the frequency of NOTCH1 variants. Three somatic variants
were identified in 8/20 (40%) of cases. Interestingly, the novel deletion
(c.7280_7280delG), which was shared among three T-ALL samples, was
also found in 4 CLL samples (776, 1536, 4624, and 5103). Furthermore,
a previously reported 2-bp deletion c.7541_7542delCT was identified in
three samples (1917, 4055, and 5103) (Fig. 2S). This deletion causes a
frameshift (p.Pro2514ArgfsTer4) that leads to a PTC at amino acid re-
sidue 2517. In two samples (2334 and 7349) a novel missense variant
was found (c.7048C>A) (Fig. 3S). The in silico predictions for this
variant were contradictory. While it was predicted as tolerated, benign,
and neutral by SIFT, PolyPhen2, and Provean, respectively, it was
predicted as disease causing by Mutation Taster (Table 2).

Table 1
Primer used to amplify the DNA region of the PEST domain.

Primer number Forward primer Reverse primer Product size/bp

NOTCH1-1 GGGCCCTGAATTTCACTGT AGGCCCTGGTAGCTCATCAT 229
NOTCH1-2 GCTGCACAGTAGCCTTGCT CTGAGCTCACGCCAAGGT 224
NOTCH1-3 ACATCCAGCAGCAGCAAAG GTGGGACCAGCGAGGATG 222
NOTCH1-4 CACTATTCTGCCCCAGGAGA CAGTCGGAGACGTTGGAATG 234
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4. Discussion

T-ALL/T-LBL are malignancies of T-lymphoblasts [20,21]. T-ALL
accounts for about 15% of childhood ALL and 25% of adult ALL cases
[22]. It is more common among older adolescents, with male pre-
dominance. ALL primarily affects the thymus then infiltrates into other
tissues, especially organs that play a role in fetal hematopoiesis, which
are often manifested by hepatosplenomegaly or lymphadenopathy [23].
In contrast, T-LBL is implicated in mass lesions, especially lymph nodes,
and accounts for 2% of non-Hodgkin lymphoma [20-22]. Similarly, CLL
and SLL are considered different manifestations of the same entity [24].
The hematological abnormalities and the lymph node infiltration are
used to differentiate CLL from SLL [25]. In addition, CLL is the most
common leukemia in Western countries [26] and appears particularly
in older people [27]. The molecular etiology of T-ALL/LBL and CLL/SLL
has yet to be determined.

NOTCH1 has varied roles in cancer acting as either an oncogene or a

tumor suppressor gene depending on the cellular context. Gain-of-
function mutations of NOTCH1 are common in T-ALL/LBL [8,28] and
have also been described in subsets of CLL [12,15,29]. In this study we
investigated for the first time the frequency of NOTCH1 PEST domain
variants in T-ALL/T-LBL and CLL/SLL cancers among Jordanian pa-
tients. We also analyzed the expression of NOTCH1 in LN and BM FFPE
tissues.

Interestingly, our analyses revealed a higher frequency of PEST
domain variants in T-ALL/LBL (33% of cases) than the previously re-
ported frequencies of a 4–27% range [8,16-19]. Similarly, the fre-
quency of variants within the PEST domain in CLL/SLL cases was more
frequent in this study where it occurred in 40% of cases in comparison
to the previously reported 4–12% frequency [12,29-33].

Collectively, we have identified five variants (c.7280_7280delG,
c.7541_7542delCT, c.7322C>A, c.7093T>G, c.7048C>A) in which
four of them (80%) were novel. The c.7280_7280delG was the most
common variant among all cases. It was detected in 25% of T-ALL/LBL

B
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E

Fig. 1. Immunohistochemical staining of NOTCH1. (A) A case of T-ALL positive for nuclear staining. (B) Another case of T-ALL with positive cytoplasmic staining
only. (C) A case of SLL showing nuclear localization. (D) A case of SLL with only positive cytoplasmic expression. (E) A positive control showing nuclear and
cytoplasmic staining in pancreatic tissue.
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cases and 20% of CLL/SLL cases. This novel deletion introduces a fra-
meshift mutation (p.Gly2427AlafsTer8) that truncates 122 of the
NOTCH1 amino acids. The other deletion, c.7541_7542delCT, was
found in 15% of CLL/SLL cases. It also leads to a frameshift
(p.Pro2514ArgfsTer4) causing a PTC 39 amino acids upstream of the
normal stop codon. This variant was previously reported to account for
80–94% of NOTCH1 variants in CLL [33-35]. Consequently, both de-
letions generate a NOTCH1 protein lacking the C-terminal PEST do-
main, where phosphorylation of NOTCH1 inactivates NOTCH1 sig-
naling. In fact, a truncated NOTCH1 is a more stable protein that is
constitutively active [33,36].

The other three novel variants were missense variants
(c.7322C>A, c.7093T>G, c.7048C>A). All of them are highly
conserved in vertebrates not reported in the population databases, and
expected to cause a significant change in protein structure and/or
function. Nevertheless, further work is warranted to reach a solid
conclusion regarding the pathogenicity of these variants.

Few studies have investigated the expression of NOTCH1 in T-ALL/
LBL and CLL/SLL. For instance, Kluk et al. found that 57% of T-ALL/T-
LBL cases and 89% of CLL cases were positive for nuclear NICD staining
[14]. Another study assessed the expression of NOTCH1 in CLL patients
and found that 79.3% of cases have positive nuclear staining [31].
Moreover, Arruga et al. showed that 27% of CLL cases displayed dif-
fused NICD staining, whereas cytoplasmic staining was mostly localized
in tumors with wild-type NOTCH1 [36]. In this study, positive expres-
sion of NOTCH1, indicated by nuclear staining, was observed in 25% of
T-ALL/LBL-LN tissues and 5% of CLL/SLL-LN tissues. However, 33.3%
of CLL/SLL-LNs, 15% of CLL/SLL-LNs, and 12% of T-ALL/LBL-BM
samples displayed cytoplasmic expression. None of the BM samples
showed nuclear staining. Clearly, our results indicate lower positive
staining than other studies. This could be due to the type of antibodies
used for staining where some of the previous studies used polyclonal
antibodies for detecting NICD, whereas we utilized a monoclonal an-
tibody that recognizes a cleaved peptide of Notch1. The nuclear ex-
pression was not significantly associated with the NOTCH1 variants.
This is similar to other reports that have also not found a significant
association [14,31].

In summary, a high frequency of NOTCH1 variants was observed in
our cohort. This study has identified four novel variants that add new
insights into the genetic heterogeneity of T-ALL/LBL and CLL/SLL. All
variants require further investigation of their pathogenic contribution
in disease transformation, progression, and response to therapy. In
addition, a large series of T-ALL/LBL and CLL/SLL cases, as well as their
relationship with other clinical and biological features, are warranted
to elucidate the relevance of the NOTCH1 variants in the Jordanian
population.
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