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Abstract: Background: T-cell acute lymphoblastic leukemia (T-ALL) is a diseased condition of
bone marrow and lymphoblast, mainly expressed on T-cell immune phenotype. Diagnosis of T-
ALL patients shows the burden of a large tumour and leukemia cells in the peripheral blood vessel
which often infiltrates into the central nervous system.

Objective: Chemotherapy is considered the primary mode of treatment for this disease, but recent
advancements in the molecular understanding of the disease, including NOTCHI1 signaling, could
offer some alternatives. NOTCH signaling undergoes a non-regulated mutation at NOTCHI in
most T-ALL. Gamma-secretase (GS) plays a key role in blocking of proteolytic activation of
NOTCH receptors, which could potentially be a new targeted therapy for this type of leukaemia.
This study mainly aims to outline the role of y-secretase inhibitors via NOTCH signaling in T-
ALL.

Results: The role of GSI (y-secretase inhibitor) in most T-ALL cell lines has been linked to the tar-
geting pathway of NOTCH signaling. Mutation at NOTCH]1 has however not served as a predictor
of y-secretase inhibitor sensitivity because of several factors, including gene expression of NOTCH
pathway activity. Therefore, despite the promising outcome of this approach in NOTCH-1 activat-
ed T-ALL, not all patients with this condition are expected to respond.

Conclusion: Long-term therapeutic success against cancerous cells is rarely achieved with
monotherapy, and even targeting investigational pathways such as NOTCH may require a combina-
tion regimen. Ultimately, the optimised use of these new therapeutic agents may become the next

tool in our search for an effective ‘individualized medicine’.

Keywords: y-secretase inhibitor, T-ALL, NOTCHI1, mutation, cancer, targeted therapy.

1. INTRODUCTION

T-cell acute lymphoblastic leukemia (T-ALL) is a condi-
tion that can be attributed to the genetic makeup of an indivi-
dual [1]. The condition has been described as an extremely
aggressive hematologic malignancy, often resulting in infil-
tration of bone marrow with immature lymphoblasts that ex-
press as a T-cell immune phenotype [2]. The condition is
normally very common among the paediatric population,
and mainly characterized by tumor burden. The disease has
reported to exhibit leukemic cells circulating in large num-
bers in the bloodstream [3]. Inflammation of the central ner-
vous system and multiplication of tumor cells have also
been associated with the condition [4]. Several studies have
been undertaken to determine the most effective treatment
methods for this disease [5]. The studies range from the ear-
ly stages of diagnosis to treatment trials that have been
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conducted to establish the biological control of the tumor
cells [6]. Studies conducted on treatment methods of the dis-
ease have shown that a combination of chemotherapies and
other methods exhibits a high risk of relapse, primarily be-
cause of its mechanism of improving the survival rates of B-
precursor cells. These studies displayed about 10% of cure
level after treatment [7]. Other studies have revealed that
molecular targeting of specifics signals along with che-
motherapy has the potential for improving patient recovery
by 75% in children and 50% in adults [8]. Historically, to de-
velop more effective anti-leukemia drugs, researchers main-
ly focused on reducing the toxicity levels associated with
chemotherapy [9]. Some researchers have, however, also fo-
cused on the identification of anti-NOTCH]1 therapy that
could be evaluated for the treatment. This study offers a re-
view on the role of y-secretase inhibitor (GSI) via NOTCH
signaling in T-ALL [10].

2.y-SECRETASE (GS)

y-secretase has been described as a protease enzyme that
attaches to the transmembrane domain of a substrate and

© XXXX Bentham Science Publishers


http://dx.doi.org/10.2174/1389450122666210203192752
mailto:drdilip2003@yahoo.com

2 Current Drug Targets, XXXX, Vol. XX, No. XX

Pen2

I

NCT-Aphl  PSEN

@ I

NCT-Aph1-PSEN

| .@)

Kaushik et al.

(3)

NCT-Aph1-NTF/CTF-Pen2
(y-Secretase)

Jﬁ

NCT-Aphl-PSEN-Pen2

Fig. (1). Assembly and activation of the y-secretase complex [Copyright permission granted from American Chemical Society]. (4 higher re-
solution / colour version of this figure is available in the electronic copy of the article).

then forms multiple subunits. The enzyme is part of a mem-
brane structure, which mainly comprises the following pro-
teins: presenilin, nicastrin, APH-1 and PEN-2 [11]. Prese-
nilin is known for its major role in catalyzing the mutagene-
sis in genes as well as induction of cell activity. It is worth
noting that y-secretase complex has proteins that often under-
go proteolysis at N and C terminals [12]. Studies on the ac-
tivity of y-secretase have also shown that the enzyme can in-
teract with y-secretase activated proteins to form a cleavage
called amyloid precursor protein [13]. The enzyme also pro-
motes apoptosis within mitochondria and proteolysis in the
endoplasmic reticulum (Fig. 1) [14, 15]. The cleavage in the
amyloid beta amino acid complex transformed the amyloid
plaques into fibres (Fig. 2) [16]. The enzyme is also critical
for catalysis of other integral membrane proteins, which in-
clude NOTCH, B2 and cluster of differentiation (CD)44 [17,
18]. The main function of the enzyme y-secretase is the acti-
vation of NOTCH1 during the signaling process (Fig. 3).

3. NOTCH SIGNALING PATHWAY

This is an activation process whereby a ligand binds
with a NOTCH receptor to complete signaling pathway for
transmission [19, 20]. Studies have shown that mammals
have four types of NOTCH receptors which include
NOTCH (1-4) and five ligands. The ligands associated with
the NOTCH receptor include delta-like ligand 1 (DLL1), del-
ta-like ligand 3 (DLL3), delta-like ligand 4 (DLLA4),
Jagged-1 (JAG1) and Jagged-2 (JAG2) ligands [21].
NOTCH signaling occurs through a signaling pathway
which normally comprises three components [22]. The first
component comprises Delta-like 1, 3 and 4 ligands and
Jagged 1 and 2 ligands [23] (Fig. 4). It is essential to note
that these ligands are membrane proteins and normally oc-

cur at surfaces of signaling cells [24]. Another component of
NOTCH signaling is the NOTCH1 receptor, while the third
component includes the C-protein binding factor 1 (CBF1)
and lagl DNA binding protein. NOTCH pathway shows that
NOTCHI receptor is activated because of its association
with Delta-like and jagged ligands. The ligand-receptor inter-
action leads to a change in NOTCHI1 Lin-12/NOTCH repeat
(LNR) and domain dissociation [25, 26]. The receptor is
split by y-secretase complex with other activators of
NOTCHI1 target genes [27]. NOTCHI has been found to
have a number of epithelial growth factors responsible for li-
gands receptor interaction. NOTCHI1 also consists of a nega-
tive regulatory LNR region and a heterodimerization (HD)
domain. The HD domain comprises an extracellular subunit
receptor and a C-terminal component, which lies on trans-
membrane and intracellular subunits of NOTCH1 [28, 29].
The role of LRN-HD is to hold these two subunits of the re-
ceptor and keep NOTCHI in a resting place [30]. LRN-HD
also plays the role of folding over the HD domain in the
absence of a ligand to form a molecular lock which helps to
stabilize the interactions between the subunits. During this
process, NOTCH1 undergoes a conformational change
which destabilizes the interface of the subunits uncovering
the C-terminal HD subunit, hence exposing it as a substrate
for ADAM10. ADAMI10 is a metalloprotease which is nor-
mally expressed on the cell surface, resulting in the cleavage
of the extracellular (S2) part of the receptor. S2 is composed
of 12 to 13 amino acids, which is located outside the plasma
membrane. The cleavage of S2 induces the processing of
NOTCHI by the y-secretase complex. y-secretase has been
described earlier as an enzyme which catalyzes the proteoly-
sis of final endomembrane (S3) cleavage [31]. y-secretase in-
hibitor cleaves the intracellular domain of NOTCH1 (ICN1)
and translocates to the nuclear forming complexes, such as
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Fig. (2). (A, B) Illustration of APP processing by a-, -, and y-secretases, and the corresponding products assay [Copyright permission grant-
ed from American Chemical Society]. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (3). Notch receptors and ligands: canonical activation and signal transduction pathways [Copyright permission granted from American
Chemical Society]. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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CBF-1, suppressor of hairless, Lag-2 (CSL) DNA binding
protein. NOTCH1 CBF-1, suppressor of hairless, Lag-2 (CS-
L) target gene are normally activated by histone deacetylase
and other transcriptional co-repressors (Fig. 3). It is worth
noting that for every transcriptional activation, a termination
of NOTCHI1 signaling through proteasomal degradation of
the intracellular domain of NOTCH1 (ICN1) occurs [32]. It
is also vital to observe that the NOTCH signalling pathway
is significant for specific hematopoietic progenitors linked
to T-cell lineage. That is why studies conducted on immun-
odeficient mice transplanted with precursor cells show the
expression of an active form of NOTCHI1 in T-cell, which is
unable to form B-Cells. Studies also show that inactivation
of NOTCHI1 in bone marrow always leads to blockage of
the development of T-cell but promotes their differentiation
towards B-cell lineage. NOTCH1 signaling processes play a
significant role in the proliferation and survival of thymo-
cytes that form lineage between aff and y6 T-cell. NOTCH
signaling equally plays a key role in the regulation and devel-
opment of stem cells. As a result, there is a loss of B-cells
that reduces intestinal stem cell growth with increased multi-
plication of goblet cells. Findings also show that inhibition
of the NOTCH signaling pathway could lead to an increase
in the differentiation of somatic cells followed by the forma-
tion of pluripotent factor lack human stem cells [33].

4. MUTATIONS IN THE NOTCH1 GENE

Mutation is defined as a change in the structure of a gene
or a chromosome that may result in a genetic disorder.
NOTCHI1 activation in T-cell is linked with oncogenesis in
human cells, which leads to leukaemia. Several studies have
demonstrated NOTCHI1 signaling in human T-ALL that is al-
ways defined by the translocation of these cells. However, re-
cent studies show that the disease is caused by mutations of
the NOTCHI1 gene, which affects the T-ALL cells. An analy-
sis of several T-ALL cell samples found a mutation of
NOTCHI1 which results from the expression of transcription

factor oncogenes like transcription factors 1 and 2. These
mutations are mainly associated with activation of
NOTCHI, which plays a vital part in T-ALL oncogenesis
[34].

The above-mentioned diagram shows that mutation on
the NOTCHI1 HD domain increases ICN1 levels through the
induction of ligand through the NOTCHI1 signaling process.
It is also important to understand the process resulting in the
oncogenesis of NOTCHI1 signaling in T-ALL, which will
help to describe how inhibition of these cells is affected by
GS (Table 1).

Table 1. Oncogenic events leading to NOTCHI1 signaling in T-
ALL.

. . . Prevalence in
Mutation Mechanism of Action T-ALL
NOTCHTI truncation along with translo-
NOTCH 1 cation to the TCR locus. Overexpression 1%
GENES combined with ligand-independent acti- ?
vation
NOTCHI1 HD | Ligand hypersensitivity or the indepen-
L0 40-45%
class 1 dent activation
NOTCHI1 HD . . o
class T Ligand hypersensitivity 1%
NOTCHI JME Ligand hypersens.1t1v1.ty or independent 39,
activation
NOTCHI1 Activated NOTCHI protein stability in- 10-20%
APEST creases ‘
NOTCH 1 muta-|NOTCHI, ¢-MYC, Cyclin E, JUN along 15%
tions with mTOR protein stability increase ’

Studies on NOTCHI1 mutation at a specific location of
T-cell have shown that it negatively affects the regulation of
protein. These include amino acid substitutions, insertions
plus deletions of exons 26 and 27 associated with the encod-
ing of the N and C-terminals of the heterodimerization do-
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main. The mutation of HD results from the activation of dis-
rupted ligand, but at rare occasions, frame insertions are ob-
served at 3’ region of exon 27. This type of mutation is be-
lieved to uncover the S2 processing site of ADAM cleavage
by displacement outside the HD-LNR complex [35]. Other
forms of mutation in T-ALL also affect the extracellular jux-
tamembrane of the receptor, resulting in the displacement of
the HD-LNR domain located outside the plasma membrane,
which finally increases the cleavage of S2. The mutations
are also associated with premature stop codons and inser-
tions as well as deletions of the gene structure.

5. ROLE OF NOTCH1 IN T-ALL

Several reports have linked the pathogenesis of T-ALL
with the NOTCHI1 signaling pathway. Analysis of T-cell
translocation and recurrent chromosomal abnormality in sev-
eral human T-ALL cells directly linked these with the
NOTCHI1 signaling [36]. The chromosomal mutations are
mainly related to the truncation of the NOTCH1 gene. These
mutations in the adjacent cells are directly linked with the in-
creased number of truncated cells. Various studies on the
oncogenic activity of NOTCHI1 signaling inside T-cell have
shown that when a transplanted cell with hematopoietic pro-
genitors is transduced with viruses, ICN1 is observed. Sever-
al other studies have also confirmed that expression of ICN1
in hematopoietic progenitor cells or in immature thymocytes
leads to the formation of T-cell tumors along with activation
of NOTCHLI in retrovirus-induced T-cell neoplasm in mice.
Studies have also shown that T-cell tumors generated
through mutagenesis result in NOTCH1 transcription. Trans-
duction of bone marrow progenitors deficient in pre-TCR
signaling process with an active form of NOTCH]1 showed a
direct link with the inability to induce leukaemia. There is a
clear indication that aberrant NOTCHI1 signaling cannot in-
duce leukemia unless signal transduction pathways are avail-
able to exert its leukemogenic potential. Therefore, an impor-
tant correlation exists between mutations of the NOTCH]1
gene and T-ALL [37]. Despite that several studies have been
done to evaluate how NOTCHI1 signaling process affects T-
cell transformation, further studies are required to establish
the exact molecular mechanism.

6. TARGETING NOTCH1 SIGNALLING IN T-CELL
ACUTE LYMPHOBLASTS

The role of NOTCHI signalling in leukemogenesis was
first reported in the 1990s by Ellisen who identified a unique
chromosomal translocation comprising of the NOTCHI1
gene in human and T-ALL. The prime role of NOTCHI sig-
naling in the pathogenesis of T-ALL, however, was first de-
monstrated in the year 2004; after that, over 60% of muta-
tions have been attributed to NOTCHI1 activation. These mu-
tations are mainly observed due to ligand-independent activa-
tion of receptors and prolonged activation of the NOTCH]1
gene. The existence of activating mutations in NOTCH]1 has
shown that the cells rely on the receptor, and hence, not all
NOTCH mutated cell lines are sensitive to y-secretase inhibi-
tor. In a normal T-cell, NOTCH1 genes encode the single-
pass transmembrane receptors to behave like a signaling
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pathway. These receptors bind with ligands, undergo proteo-
lytic cleavage in the cell which releases intracellular domain
from the membranes, and allow the translocation of the gene
into the nucleus. Studies show that oncogenic receptors are
normally encoded by NOTCH1 mutant alleles, which are re-
liant on S3 and y-secretase-mediated cleavage of the recep-
tor for activation [38]. In these studies, presenilin y-secre-
tase complex has been shown to be the best therapeutic tar-
get for lymphoblast. This is because the complex plays a crit-
ical part in the production of pathogenic amyloid deposits in
the brain of Alzheimer’s patients. Other studies have also re-
commended to study y-secretase inhibitors as a potential
treatment therapy for T-ALL. Inhibition of NOTCHI1 signal-
ing pathway with y-secretase inhibitors in T-ALL has been
noted to result in speedy clearance of ICN1 along with tran-
scriptional downregulation of NOTCHI1 target genes. These
alterations have also been associated with reduced growth
along with proliferation, as depicted by the GO/G1 cell cycle
arrest and reduction in cell size in some cell lines [39]. Non-
randomised clinical trials have been conducted to establish
the effectiveness of this molecular therapy, and have shown
that there are few mutations on genes that result in the anti--
tumour effects on cells. Several challenges were however ex-
perienced during the trials focused on the anti-NOTCHI1 sig-
naling treatment for T-ALL. These include high levels of
apoptosis during experimental trials and high cytostatic ef-
fects of y-secretase inhibitors on T-ALL. Other challenges in-
clude high levels of NOTCHI1 inhibition and the presence of
very sensitive intestinal epithelium related to systemic inhibi-
tion of NOTCH signaling along with y-secretase inhibitor
treatment. This impact pertains to dose-limiting gastrointesti-
nal toxicity that results from the build-up of mucus-secreting
goblet cells in the gut. In a normal T-cell development,
NOTCHI signaling plays a critical part in supporting cell
growth, proliferation along with thymocyte development.
Studies have also shown that conditional recombination sig-
nal binding protein for immunoglobulin kappa J region
(RBPJ) inactivated T-cells results in the blockage of T-cell
development. This is also a confirmation that NOTCHI1 regu-
lates T lymphoid and B lymphoid cells. NOTCHI equally
plays a role in the early growth of DNI, 2 and 3 as well as
regulation of TCR arrangement. A relationship has also been
established between oncogenic NOTCHI signaling and tran-
scriptional control of cell growth along with metabolism.
The relationship involves the ability of NOTCHI1 to control
genes responsible for anabolic pathway as well as cell
growth promotion through the direct transcriptional up-regu-
lation process. T-cell transformation occurs through
NOTCHI, promoting oncogenic G1/S cell growth along
with regulation of cyclin-dependent kinase (CDK)4 and (CD-
K)6. NOTCHI also activates nuclear factor-kB (NF-kB) sig-
naling process through induction of T-cell transformation.
Hairy and Enhancer of Split-1 (HES1) gene is transcribed
through a repressor downstream for NOTCH1 which acti-
vates inhibitor of NF-«xB kinase (IKK) in T-ALL by repress-
ing the CYLD deubiquitinase [40]. NOTCHI1 signaling also
controls the epigenetic modulation of gene expression which
results in the loss of repressive mark: Lys27 trimethylation
of histone 3 in NOTCHI1 target genes. NOTCHI, thus, antag-
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onizes the function of the polycomb repressive complex 2
which is accountable for the gene mark, which causes a mu-
tational loss of key components of the gene complex that are
normally present in T-ALL. Other studies have also focused
on the role of microRNA regulation in NOTCHI induced T-
ALL and noted that RNA can speed up the development of
NOTCHI1 induced T-ALL cells. NOTCHI1 also degrades tu-
mor suppressor cells resulting in T-cell transformation in
Leukemia. Analysis of NOTCH1 mutation on the treatment
of T-ALL has revealed that the presence of this mutation is
directly correlated to a good prednisone response. Studies
have also shown that a combination of y-secretase inhibitor
with a CDK4 inhibitor could cause potent cell cycle arrest
and death. This is because of the synthesis of CDK4 inhibi-
tor resulting in sensitizing T-ALL cells to y-secretase inhibi-
tor by strengthening the retinoblastoma (RB) pathway. y-sec-
retase inhibitor shows its activity against leukemia through
T-cell transmembrane receptors, but several safety concerns
have been raised regarding the developed drugs. These
range from the effects of dexamethasone that have been not-
ed to be very lethal to gut toxicity induced by the y-secretase
inhibitor. For this reason, the treatment has been conducted
in association with glucocorticoids for providing a more ef-
fective and safer treatment. Experts also argue that a target-
ed combination of these types of medications could improve
the treatment of T-ALL. It has been noted that the combina-
tion therapy induced apoptosis in T-cell in a more advanced
manner compared to the sole effect of dexamethasone or the
y-secretase inhibitor. This combination has also been recom-
mended for the treatment of childhood leukemia which ac-
counts for 15% of the disease, as well as 25% of adults who
remained uncured by the current chemotherapy treatment
mechanism [41].

NOTCHI cellular transformation is thought to be in-
duced by the upregulation of proliferation-promoting onco-
gene MYC. MYC has an inability to perform its role in T-
ALL inhibition with the utilization of supportive genes. This
has been further confirmed by the role of activated
NOTCHI in the maintenance of human malignant cells in a
transformed state. Studies also suggest that if T-ALL cell
lines activated by NOTCHI1 are resistant to glucocorti-
coid-induced apoptosis, then cells go through a minimal via-
bility loss after they are treated with dexamethasone or y-sec-
retase inhibitor only. The cells become very sensitive when
they undergo treatment with a combination of these two
drugs. This sensitivity is linked to inhibitory transcription
factor HES1 which targets the activated NOTCHI1 and bind-
ing with the promoter gene NR3C1 (Nuclear Receptor Sub-
family 3 Group C Member 1), encoding the glucocorticoid
receptor inhibiting its expression. Cells achieve apoptosis
through the treatment of inhibitor with the proapoptotic gene
BCL2L11 (B-cell lymphoma 2 like 11) [42].

Dexamethasone has the ability to reverse y-secretase in-
hibitor-induced intestinal toxicity which contributes to re-
search on T-ALL therapies. y-secretase inhibitor causes in-
testinal secretory metaplasia because of a marked surge in
goblet cell differentiation with a cell cycle arrest in intestinal
crypts. Goblet cells differentiation is normally regulated by
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tumor suppressor gene KLF4 (Kruppel Like Factor 4).
Studies on Dexamethasone-induction have shown that the
drug can protect goblet cells from metaplasia. Despite the
role played by dexamethasone in the treatment of T-ALL, its
toxicity could result in osteopenia, hypertension, and muscle
atrophy. Several trials have also been conducted on the role
of y-secretase inhibitors in T-ALL treatment due to their ad-
verse effects on the gastrointestinal system of participants. It
is therefore recommended that before application of a combi-
nation of y-secretase inhibitor and dexamethasone therapy to
treat T-ALL, analysis on its effects and safety dosage for re-
cipients needs to be undertaken. One trial of this combina-
tion has, however, established a more detrimental effect on
cells such as enhanced lymphoid atrophy in the thymus and
spleen [43].

The application of activated NOTCHI1 in T-ALL has al-
so faced challenges in treating patients with the disease due
to numerous factors. These include various mutations in
cells such as homozygous deletion of FBW7 (F-box and
WD repeat domain-containing 7) gene that encrypts
ubiquitin ligase responsible for NOTCH1 ICN1 turnover
and resistance of T-ALL cell mutations to y-secretase inhibi-
tor. NOTCHI1 signaling has been found to be involved in sev-
eral cancers. Studies on NOTCHI targeting cancer cells
have, however, shown that a NOTCH ligand interaction rare-
ly incorporates an enzymatic amplification process. This is
an advantage fpr the therapy that enzyme signal intensity mo-
dulates to act on a particular cell mechanism. NOTCHI acti-
vation is a dose-independent pathway, so complete shut-
down of this pathway may not result in a therapeutic effect
on cells [44].

The mechanism of NOTCHI signaling has the potential
as a therapeutic mechanism in T-ALL and other cancer cells
because of the short intracellular half-life of NOTCH upon
activation. This feature presents NOTCH signaling as a
quick pulse of gene regulation that promotes intermittent in-
hibition rather than sustained inhibition. NOTCH target
gene signaling has also been used in T-ALL because of its
content-dependent effects on cells. This implies that
NOTCHLI signaling could achieve different tasks in different
cells without affecting the neighboring cells. The effects of
inhibiting NOTCH signaling in particular cell lines are signi-
ficant, as they can be easily monitored without preconceived
assumptions. Inhibition of NOTCH signaling pathway can
be achieved via several ways, such as interference of
NOTCH ligand interactions by employing receptor decoys,
blocking ligand ubiquitination/trans-endocytosis and
NOTCH receptor fucosylation. Inhibition may also be
achieved through the interference of receptor activation by
preventing ligand-induced conformational modifications in
NOTCH receptors.

NOTCH signaling can also be inhibited through disrup-
tion of protein-protein interactions engaged in NOTCH-de-
pendent nuclear actions. This affects the assembly of co-acti-
vators with the NOTCH transcriptional complex (NTC) and
the formation of higher-order DNA-bound complexes which
result in disorganized angiogenesis.
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Table 2. Current and future GSIs under clinical studies.
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Trial ID
Name Target Type of study (As per clinicaltrials.gov data)
Individual Therapy

MK-0752 Metastatic or locally advanced breast cancer Phase 1 NCT00106145
PF03084014 Advanced solid tumors Phase 1 NCT00878189

RO-4929097 Advance or metastatlc_breast cancer or recurrent triple-nega- Phase 2

tive breast cancer
Combination Therapy
MK-0752+ Docetaxel Locally advanced or metastatic breast cancer Phase 1/2 NCT00645333
MK-0752+ Tamoxifen/Letrozole Early stage breast cancer Pilot study NCT00756717
Ridaforolimus+MK-0752/MK-2206 Advanced solid tumor Phase 1 NCT01295632
RO-4929097+Capecitabine Refractory solid tumor Phase 1 NCTO01158274
RO-4929097+Cediranic maleate Advanced solid tumor Phase 1 NCTO01131234
RO-4929097+ Letrozole Post-menopausal estrogen/pzzrglzztrerone receptor related breast Phase 1b NCTO01208441
RO-4929097+Vismodegib Metastatic breast cancer Phase 1 NCT01071564
RO-4929097+Paclitaxel+ Carboplatin Stage 2 or 3 triple negative breast cancer Phase 1 NCTO01238133
The advantage of these approaches includes ease of y- 8. DISCUSSION

secretase inhibitor administration and oral bioavailability.
This approach is quite interesting due to the short half-life of
the molecules. The approach is also of great interest since a
single agent can block the activation of all the four NOTCH
homologs in a cell [45].

Reports on NOTCH inhibition in cancer therapy have
shown that NOTCH helps to maintain certain stem cell popu-
lations. Expression of tyrosine kinase is regulated by
NOTCH through epidermal growth factor receptor along
with vascular endothelial growth factor receptor-1 [46]. It
has been reported that some oncogenic pathways boost
NOTCH activities, thus triggering apoptosis in cancer cells.
NOTCH inhibition equally slows down cancer cell prolifera-
tion, resulting in blockage of cell senescence by NOTCH in-
hibitor and chemotherapeutic drugs [47]. Inhibition of
NOTCH signaling participates in hampering the cancer-sup-
porting process called angiogenesis [48].

7. ROLE OF y-SECRETASE INHIBITORS

These are enzyme inhibitors whose major role is to pre-
vent a process within an organism. They achieve cell growth
inhibition by interfering with the communication pathway
[49].

Clinical trials for the treatment of Alzheimer’s disease
through the application of y-secretase inhibitors are current-
ly under an advanced development stage [50]. y-secretase in-
hibitors have been believed to operate through reduction of
NOTCHLI level on cells and deregulation of NOTCHI1 target
genes in T-cell during the transcription process [51]. The ef-
fectiveness correlates with the anti-leukemic effects of y-sec-
retase inhibitors through compound E in which specific y-
secretase inhibitor blocks the NOTCHI signaling process
[52]. The inhibitor reduced T-ALL cell proliferation with
the activation of the cell cycle arrest [53] (Table 2).

Targeting the NOTCH signaling process, especially
NOTCHI mutations, can be the prime target in the treatment
for leukaemia [54]. This hypothesis has also been tested in a
study conducted on effects of GSI on target gene, which al-
ways inhibits NOTCH1 and NOTCH?2 in intestinal progeni-
tor cells. NOTCHI1 and NOTCH?2 play a critical role in ab-
sorptive cell fate in intestinal stem cells [55]. This causes ge-
netic and pharmacologic inhibitions of NOTCHI and
NOTCH2 signals that further result in intestinal secretory
cell metaplasia accumulating in mucus-secreting goblet cells
[56]. We have also noted that inhibition of NOTCHI1 signal-
ing with GSIs can reverse glucocorticoid resistance in T-
ALL and abrogate the gastrointestinal toxicity caused by
GSI [57]. This could result in synergistic effects that may
cause y-secretase inhibitor-induced gut toxicity. New paren-
teral drug formulations also aim to avoid the toxic effects of
NOTCH signal inhibitors in the gut [58].

Other studies have also tried to combine chemotherapy
and GSI as an alternative in antileukemic treatment by reduc-
ing the dose of y-secretase inhibitor with minimal y-secre-
tase inhibitor-induced gut toxicity [59]. In this method, the
drug always targets the NF-kB signaling and other signaling
pathways. It is, however, worth noting that despite all the
clinical trials that have been conducted on NOTCHI1 signal-
ing and y-secretase inhibitors, T-ALL cells offer resistance
to NOTCH inhibition [60].

9. AUTHORS’ INSIGHT ON THE TOPIC

This manuscript has evaluated the role of the y-secretase
enzyme in the mutation of NOTCH signaling pathway ob-
served during T-cell gated acute lymphoblastic lymphoma.
y-secretase inhibitor controls cancer cell proliferation and
the progression of Alzheimer’s disease by interfering with
amyloid plaque formation. Improved strategies for clinical
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application of y-secretase inhibitor and NOTCH inhibition
may use therapies that will increase the antileukemic effects
of GSI with a better therapeutic window. Combination thera-
py might also be beneficial for solid tumors with aberrant
NOTCHI signaling.

CONCLUSION

NOTCHI1 signaling in T-cell lymphoblast is considered
a better molecular targeting mechanism; if successfully de-
veloped and evaluated, it can be applied in the treatment of
T-ALL. However, further research is required on the onco-
genic mechanisms controlled by the NOTCHI1 gene and the
pathways mediated by the effects of GSI on the intestinal
epithelium of leukemia patients. This review has outlined
the importance of y-secretase inhibitors and how this en-
zyme plays a crucial role in the treatment of the disease. The
study outlines that genetic mutations aided by NOTCHI1 in
T-ALL mainly occur on genes that take part in the cellular
metabolism. We acknowledge that these genes play a crucial
role in cell signaling. Effective utilization of biomarkers to
predict the interaction between T-ALL tumor cells and y-sec-
retase inhibitor is noted as a valuable feature.

This study has also outlined the prime role of NOTCH]1
as a cell growth and metabolism regulator in T-ALL and its
prospective therapeutic strategies to augment the activity of
y-secretase inhibitors via inhibition of NOTCHI1 pathways.
NOTCH signaling plays a significant role in carcinogenesis
combined with tumor progression in T- cell leukemia and
breast cancer. Therefore, NOTCH inhibitors along with che-
motherapy or radiotherapy are considered to be a very
promising cancer control strategy. NOTCH signaling con-
trols embryonic and adult stem cell self-renewal, stem cell
quiescence, cell fate and differentiation, cell survival, apop-
tosis and tumorigenesis. Studies on NOTCH signaling in can-
cer cells indicate that NOTCH receptor along with ligands is
both oncogenic and tumour-suppressive in nature. NOTCH
plays an important role in tumor therapy by gaining muta-
tion of a cell and activating a ligand-mediated cell down-reg-
ulation. NOTCH tumorigenicity has also been noted to be or-
gan-dependent, hence it plays a role in cell growth and
metabolism in T-ALL. These organs may include skin, intes-
tine, and bone marrow, which aid a number of NOTCH inter-
active pathways. This study has thus shown the role played
by the interactions of NOTCH specific to organs in oncogen-
esis. The study also establishes that NOTCH signaling path-
ways constitute an important therapeutic challenge to most
cancer treatments, including T-ALL. Enhanced observations
of the oncogenic mechanisms regulated by NOTCH1 genes
and pathways mediating the effects of y-secretase inhibitors
in the leukemic cells and the intestinal epithelium are need-
ed to surpass the difficulties in targeting NOTCH]1 signaling
in T-cell lymphoblasts. Although the approach of NOTCH-1
activated T-ALL is promising, not all patients with this con-
dition would be expected to respond. Long-term therapeutic
success in cancer is rarely achieved with monotherapy, and
even targeted developmental pathways such as NOTCH are
likely required for the development of combination regi-
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mens. Eventually, this therapeutic targeted agent may be-
come the next tool for ‘individualized medicine’.

LIST OF ABBREVIATIONS

CBF1 = C promoter Binding Factor 1

CD44 = Cell-surface glycoprotein by the CD44 gene on
Chromosome 11

CDK = Cyclin-Dependent Kinase

CSL = Suppressor of Hairless, Lag-2” after its mam-
malian, Drosophila, and Caenorhabditis elegans
orthologues

CYLD = CYLD Lysine 63 Deubiquitinase.

FBW7 = F-box and WD repeat domain-containing 7
HESI1
ICN1 = Intra Cellular portion of NOTCH1

IKK = Inhibitor of nuclear factor Kappa-B Kinase
KLF4 = Kruppel Like Factor 4

LNR = Lin-12/Notch Repeats

= Hairy and Enhancer of Split-1

NF-kB = Nuclear Factor kappa-light-chain-enhancer of
activated B cells

NR3C1 = Nuclear Receptor Subfamily 3 Group C Mem-
ber 1

RB = Retinoblastoma

RBPJ = Recombination Signal Binding Protein For Im-

munoglobulin Kappa J Region
TCR = T-Cell Receptor
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