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Abstract

Notch signaling is a highly conserved signaling pathway, playing an important role in a variety of cell differentiation,
development and regulation. Notch signaling includes Notch1-4; Notchl gene encodes Notchl signaling that can shorten cell
cycle, enhance cell proliferation, inhibit cell differentiation, and promote apoptosis. Mutation and overexpression of the Notchl
gene may induce tumorigenesis, which plays an important role in the development of tumors across a variety of signaling
pathways. Currently, using RNA interference technology (RNA1) synthesizing small interference RNA (siRNA) targeting Notch1
gene (siNotch1) has become a hot topic, and clinical application of gene silencing has also obtained a certain therapeutic effect. In
this paper, the application of Notchl gene silencing in tumor progress was reviewed. (Int J Biomed. 2016;6(3):163-166.).
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Introduction

The Notch signaling pathway includes the Notch receptor
proteins, Notch ligand proteins, transcription factors CSL
(DNA binding protein), and target molecules. In mammals,
four Notch genes (Notch1-4) and at least five of their ligands
(Jaggedl and 2; Deltal, 3, and 4) are identified.'"! Notch1 is
one of the Notch signaling pathways, by the Notchl gene
regulation. The Notch1 gene can shorten the cell cycle, quicken
cell proliferation, inhibit cell differentiation and promote
apoptosis.?! The Notchl gene, in any link in the process of
T-cell development disorder, is likely to be associated with
cell malignant transformation.?!

Pancewicz J et al.¥ have found activating mutations in
Notch in more than 30% of adult T-cell leukemia (ATL) patients.
Activated Notch signaling contributes to ~50% of human T-cell
acute lymphoblastic leukemia (T-ALL) cases through gain-of-
function mutations in the Notchl gene.® Therefore, Notchl
gene mutation and high expression may induce the occurrence
of hematological malignancies and play an important role in a
broad range of tumor occurrences and development.[®”!
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1. The siRNA targeting the Notch1 gene in
normal cells

The Notch signaling pathway has been shown to regulate
angiogenesis and endothelial cell formation, and is found in
numerous cell types. Increased Notch signaling in endothelial
stalk cells correlates with vessel regression, whereas reduced
Notch signaling in the stalk leads to formation of a new tip
cell.®

Recent studies revealed crucial roles of the Notch system
in mature T cell differentiation and activation. Notchl plays
an obligatory and selective role in T cell lineage induction.
Notchl was also reported to modulate the p selection step of
thymocytes. There are a number of articles suggesting that yd/
afy T-cell fate decisions are modulated by Notch signaling.
In addition, it promotes the CD4 +, CD8 + double positive
thymus cells to differentiate into single positive thymus
cells.”! It has been suggested that Notchl signaling plays an
important role in the process of mature T-lymphocytes, and
Notch signaling disorders may lead to the occurrence of T-cell
leukemia or lymphoma.

2. The siRNA targeting the Notchl gene in
tumor cells
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2.1. Respiratory system

Hassan et al.l'? found that Notchl has an inhibitory
tumor function, especially in the context of switching off cell
invasion and metastasis. Notchl signaling in small cell lung
carcinoma (SCLC) controls HO9AR and SBC3 cell adhesion
and epithelial mesenchymal transition (EMT). Overexpression
of Notchl in SCLC switched off EMT, cell motility and cell
metastatic potential.

2.2. Digestive system

Sun et al."!l studied the Notchl pathway and the VEGF
pathway with human gastric cancer cells (SGC7901) and
found the siJaggedl affected SGC7901 cell proliferation and
apoptosis by acting on Notchl and VEGF signaling pathways.

Notch signaling pathway has been reported to play
critical roles in hepatocellular carcinoma (HCC). Liu Hong
showed that transfection of Notchl small-interfering RNA
(siRNA) into nude mice HCC cells resulted in cell growth
inhibition and apoptosis.l'?! Notch signaling was found to
positively regulate cell proliferation in hepatoma HepG2 cell
lines and GSI treatment inhibited tumor cell proliferation
through the suppression of Notch signaling.

In recent years, studies have reported that Notchl gene
silencing has a therapeutic effect on pancreatic cancer cells,!™
which offers a new direction for the treatment of pancreatic
cancer.

2.3. Urinary system

Zhang et al.l'"studied Notchl expression in renal cell
carcinoma and silence the expression of Notchl by using
siRNA and observed its effect on the proliferation of Caki- 1.
To detect expression of Notchl mRNA by RT-PCR and Notchl
protein levels by Western blot, siRNA interference transfected
into RCC Caki-1 cells, transfection with Lipofectamine 2000
for48 hours. Notch1 inrenal cell carcinoma was high expressed
compared with normal renal tubular epithelial cells. Specific
siRNA interference significantly reduced the Caki-1 cells,
mRNA and protein expression, and Caki-1 cells proliferation
was significantly decreased. These results suggest that sSiRNA-
mediated silencing of the Notch-1 gene may represent a novel
target for gene therapy of renal cancer cells.

Ai Xing et al.l'™ found that Notchl gene expression
increased in bladder cancer cell line BIU87 and that the
interference of Notch1 gene expression had a therapeutic effect
on bladder cancer cells. In addition, studies have found that
the proliferation capacity of BIU87 was reduced after using
siNotch1. This result may be associated with Notchl signaling
pathway suppressing and influencing the G1 stage of cell
differentiation.!'”

2.4. Reproductive system

Notchl was found to be overexpressed in prostate
cancer (PCa) cells and human PCa tissue. Bin Hafeez et al.l'”
showed that small interfering RNA-mediated knockdown of

Notchl in PC3 and 22Rnul PCa cells dramatically decreased
their invasion.!'? Wang et al.l'® found that down-regulation
of Notch-1 and Jagged-1 could inhibit cancer cell migration
and invasion, which was in part due to down-regulation of
NF-kB and its downstream target genes such as MMP-9,
uPA, and VEGF. From these results, authors concluded that
down-regulation of Notch-1 or Jagged-1 could potentially be
an effective therapeutic approach for the inactivation MMP-
9, uPA, and VEGF, which is likely to result in the inhibition
of cell growth, migration, invasion and metastasis of prostate
cancer.

Notchl gene expression in cervical cancer tissue is
higher than in normal cervical tissue. Some studies have found
that the Notchl gene has a significant positive correlation
with tumor differentiation, and that the Ki67 gene is a sign
of cell proliferation. The expression of the Notchl gene has a
positive correlation with Ki67 in cervical cancer tissue.["” This
suggests that Notch1 signaling is involved in cell proliferation
in cervical cancer tissues.

2.5. Blood system

Weng et al.”! reported that more than 50% of human
T-ALLs, including tumors from all major molecular
oncogenic subtypes, have activating mutations that involve the
extracellular heterodimerization domain and/or the C-terminal
PEST domain of Notch-1. These findings greatly expand the
role of activated Notch-1 in the molecular pathogenesis of
human T-ALL. Thus, siNotchl can be used as a new method
for treatment of T-ALL.

Yang et al.? researched the therapeutic effect of siRNA
of proton-sponge-coated quantum dots (QD) on Notchl
protein over expression in T-ALL cell line. and found that the
gene silencing efficiency of proton-sponge-coated QD-siRNA
increased by 4-10 folds, and proton-sponge-coated QD-siRNA
also decreased the content of Notchl mRNA significantly, as
compared with controls. This illustrates that proton-sponge-
coated QD-siRNA can be used for treatment of T-ALL.

Weng et al.?"! studied T-ALL and found that c-MYC
is a direct downstream target of Notchl in Notch-dependent
T-ALL cell lines, that contributes to the growth of T-ALL cells..
The existence of a direct link between Notch and c-MYC in
T-ALL cell lines and normal thymocytes has therapeutic as
well as basic implications. The c-MYC gene as a potential
Notchl target provides new ideas and a new direction for the
application of siNotch1 in clinical treatment of leukemia.

Kamstrup et al.?? studied the Notchl gene as a potential
target for cutaneous T-cell lymphoma treatments. Specific
down-regulation of Notchl by siRNA induced apoptosis in
SeAx. The caspase 3/7 activity increased significantly in the
Notchl siRNA-transfected group compared with the control
siRNA-transfected group 24 hours after transfection. Seventy-
two hours after transfection, the apoptosis rate was up to
peak. The mechanism of apoptosis involved the inhibition of
NF-xB, which is the most important prosurvival pathway in
cutaneous T-cell lymphoma. These data show that Notch is
present in cutaneous T-cell lymphoma and that its inhibition
may provide a new way to treat cutaneous T-cell lymphoma.*?
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2.6. Others

In human brain glioma cells, Notchl gene mRNA and
protein expression are significantly higher than in non-tumor
cells.”) Xu Peng et al.* studied Notchl expression in the
majority of 45 astrocytic gliomas with different grades and
in U251MG glioma cells. Transfection of siRNA targeting
Notchl into U251 cells in vitro downregulated Notchl
expression, associated with inhibition of cell growth, arrest
of cell cycle, reduction of cell invasiveness, and induction
of cell apoptosis. Meanwhile, tumor growth was delayed in
established subcutaneous gliomas in nude mice treated with
Notchl siRNA in vivo. These findings suggest that Notchl
plays an important oncogenic role in the development and
progression of astrocytic gliomas; siNotch1 is expected to be
a promising direction for the treatment of astrocytic gliomas.
Other studies have reported that the Notchl gene also plays a
part in the development of breast cancer.?>2¢

3. The clinical application of RNA
interference

Davis et al.?” conducted the first in-human phase I
clinical trial involving the systemic administration of siRNA
to patients with solid cancers using a targeted, nanoparticle
delivery system (clinical version denoted as CALAA-01).
They provided the actual evidence of inducing an RNAi
mechanism of action in a human from the delivered siRNA.
siRNA administered systemically to a human can produce a
specific gene inhibition (reduction in mRNA andprotein) by
an RNAi mechanism of action.

Schultheis et al.l?®! evaluated the safety, tolerability, and
pharmacokinetics of Atu027 (a Liposomal siRNA inhibitor
for PKN3) in a first-in-human phase I study and found that
Atu027 was safe in patients with advanced solid tumors, with
41% of patients having stable disease for at least 8 weeks. It
is expected to become a new method for the treatment of solid
tumors.

4. Conclusion and prospect

Above all, Notch1 signaling plays an important role in
the regulation of cell proliferation, differentiation, apoptosis,
and invasion. Although siNotchl-related research in the field
of tumor cytology has made some progress, it is mostly in
the basic research stage at present; its specific mechanism is
relatively limited and not comprehensive enough. Achieving
its clinical application specification is also facing many
difficulties and challenges, such as the problems of designing
siRNA segments, effective transfection, off-target effects,
delivery system, etc. At the same time, security may deserve
attention. In addition, how Notchl can be applied directly to
the human body to interfere with the growth of tumor cells is
a problem that has to be solved, and to do so requires further
research.

In sum, further study of the mechanism by which
Notchl and siNotchl interact with tumor cells is necessary
at the molecular and gene, protein and animal model levels.

For the future, a technique called RNA interference will be
widely used in biomedical research. We believe that with the
deepening of the research on gene silencing, siRNA targeting
the Notchl gene is expected to become the new tool for cancer
treatment.
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