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The mechanism of tumor drug resistance is complex and may involve stem cell maintenance, epithelial-
mesenchymal transition, the activation of survival signaling pathways, transporter protein expression, and
tumor microenvironment remodeling, all of which are linked to y-secretase/Notch signaling. Increasing evidence
ot e has shown that the activation of the y-secretase/Notch pathway is a key driver of cancer progression and drug
EMT resistance development and that y-secretase inhibitors (GSIs) may be the most promising agents for reversing
TME chemotherapy resistance of tumors by targeting the y-secretase/Notch pathway. Here, we systematically sum-
marize the roles in supporting y-secretase/Notch activation-associated transformation of cancer cells into cancer
stem cells, promotion of the EMT process, PI3K/Akt, MEK/ERK and NF-xB activation, enhancement of ABC
transporter protein expression, and TME alteration in mediating tumor drug resistance. Subsequently, we analyze
the mechanism of GSIs targeting the y-secretase/Notch pathway to reverse tumor drug resistance and propose the
outstanding advantages of GSIs in treating breast cancer drug resistance over other tumors. Finally, we
hasize that the devel of GSIs for reversing tumor drug resistance is promising.

1. Introduction (TME). Interestingly, all the above-mentioned mechanisms of tumor
drug resistance are intricately linked to the y-secretase/Notch signaling

Poor clinical prognosis, metastasis, and recurrence are important axis.

factors contributing to high cancer mortality, all of which are associated
with oncologic chemotherapy resistance. Therefore, reducing tumor
chemoresistance is the key to improving survival rates in cancer pa-
tients. Currently, mechanistic studies that involve tumor drug resistance
mainly focus on those aspects: atypical activation of the Notch pathway,
self-renewal and self-healing properties of cancer stem cells (CSCs),
epithelial-mesenchymal transition (EMT) of cells, PI3K/Akt, MEK/ERK
and NF-kB pathway activation, drug transport function of ATP-binding
cassette (ABC) proteins, and the influence of tumor microenvironment

It has been suggested that tumor cells may escape from anti-tumor
therapy and produce drug resistance to tumors through the following
ways: Firstly, the drugs that can kill cancer cells may be less effective in
killing CSCs. It has been shown that some hormones released from
cancer cells may promote the transformation of cancer cells to CSCs, as a
result, drug resistance of tumors has developed [1]. Next, the acceler-
ated EMT process may enhance the metastatic and invasive capacity of
cancer cells. Thirdly, the activation of the PI3K/Akt and NF-kB pathway
promotes cancer cell proliferation and anti-apoptosis properties,
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activation of the MEK/ERK pathway can increase cancer cell growth and
differentiation. Finally, ABC transporter proteins may pump drugs from
the cytoplasm out of the cell, which may reduce the intracellular con-
centration of anti-tumor drugs. In addition, the hypoxic environment of
TME, as well as the dynamic remodeling, may promote tumor drug
resistance. Notably, CSCs, EMT, PI3K/Akt, MEK/ERK and NF-«B
pathway activation pathways, ABC transporter proteins, and TME are all
regulated by the y-secretase/Notch signaling axis.

It has been shown that the activation of the Notch pathway plays an
important role in tumor cells escaping from anti-tumor therapy and
developing drug resistance. Abnormal activation of the Notch pathway
can trigger the following biological responses: (1) an increased ability to
enrich small numbers of drug-resistant cells in tumors which may
stimulate their resistance to conventional therapeutic strategies; (2) an
increased ability to enhance stem-cell-like features during tumor cell
dedifferentiation; (3) an increased ability to promote EMT, which may
facilitate the transformation of tumor cells into CSCs; (4) the association
with the expression of ABC brane-bound proteins and PI3K/AKkt,
MEK/ERK and NF-«B pathway activation; (5) In addition to affecting the
tumor cells directly, Notch signaling plays a role in regulating TME
through juxtacrine and paracrine signaling [2-4]. Therefore, the Notch
signaling pathway is a crucial regulatory pathway for reversing tumor
drug resistance, with y-secretase being a critical hydrolase for Notch
pathway activation. Consequently, y-secretase presents itself as a po-
tential target for reversing tumor drug resistance. This paper will sum-
marize a series of preclinical and clinical studies to unravel the
molecular mechanism of the y-secretase/Notch signaling axis and tumor
drug resistance and discuss therapeutic strategies for GSIs to overcome
tumor drug resistance. This review will aid in promoting research and
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development of GSIs and provide novel ideas to facilitate the reversal of
tumor drug resistance.

2. The activation of the Notch pathway by y-secretase

Notch ligands, including Delta-like proteins-1, -3, -4, Jagged-1, -2,
and their receptors-1, -2, -3, and -4, are transmembrane proteins [5].
The activation of the Notch pathway is initiated by cropping the Notch
receptors at the S1 site by a furin-like protease in the Golgi apparatus,
which generates the Notch extracellular domain (NECD) and the Notch
transmembrane fragment. The NECD and Notch transmembrane frag-
ment form a heterodimeric complex of the Notch receptors that reaches
the cell membrane surface. After the ligand binds to the NECD of the
Notch receptors, ADAM protease cuts the S2 site of the NECD fragment
of the receptor generating two fragments: N-terminal cleavage product
and C-terminal cleavage product. The N-terminal cleavage product is
engulfed by the ligand-expressing cells and the remaining C-terminal
fragment of the Notch receptors is cleaved by a protease called y-sec-
retase. This cleavage event promotes the release of the Notch intracel-
lular domain (NICD) from the membrane into the nucleus where it binds
to the CSL (CBF1, Su (H), LAG1) transcription factors and recruits the
nuclear transcriptional activator protein family (MAML). This causes the
switch of CSL transcription factors from transcriptional suppression to
transcriptional activation, therefore, increasing the transcription of
target genes (Hes, Hey) and its downstream genes expression [6-8], as
depicted in Fig. 1. Therefore, the activation of the Notch pathway re-
quires the cleavage of the C-terminal fragment of the Notch receptor by
y-secretase to release NICD, which is necessary for downstream gene
expression, and the typical activation of Notch pathway demonstrates
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Fig. 1. Activation of the typical Notch pathway. The immature Notch receptor is transferred from the endoplasmic reticulum to the Golgi apparatus and sequentially
sheared by furin-like protease, ADAM protease, and y-secretase to release NICD, which translocate into the nucleus, where it binds to the CSL and recruits co-factors

to initiate gene transcription and downstream gene expression.
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the indispensable role of y-secretase for this process.

The y-secretase consists of four key subunits. The activation of the
+y-secretase is initiated by units in the endoplasmic reticulum: Presenilin-
1 (PSEN-1) or presenilin-2 (PSEN-2), nicastrin (NCST), anterior
pharynx-defective (APH-1) and presenilin enhancer (PEN-2) [7,9,10].
Overall, the y-secretase complex includes a horseshoe-shaped trans-
membrane structural domain and an extracellular structural domain of
the NCST [11], extracellular structural domain functions as a substrate
recruiter, allowing y-secretase to cleave the transmembrane structural
domain of the substrate (Notch receptor) in the hydrophobic environ-
ment of the lipid bilayer [10,12]. PSEN contains nine transmembrane
structural domains that are the catalytic core of the y-secretase complex
mainly localized in the endoplasmic reticulum [10]. NCST is a type I
integral membrane protein, which interacts with PSEN, this interaction
is important for maintaining the enzymatic activity of the y-secretase
[13]. APH-1 has two isoforms in humans: APH-1A and B [14], hypoxia-
inducible factor-1 (HIF-1) is a potential transcription factor regulating
APH-1A [15], and the hypoxic environment of tumor cells can increase
y-secretase activity. In addition, APH-1 participates in the assembly and
interaction with the substrate of the y-secretase complex [14]. PEN-2
contains two transmembrane structural domains and plays an impor-
tant role in the hydrolysis and stabilization of PSEN after cleavage [16].
The activation of the y-secretase is initiated by the subsequent binding of
NCST into APH-1 and PSEN to form a terpolymer which further binds to
PEN-2 and breaks PSEN into a stable N-terminal fragment and a C-ter-
minal fragment in the Golgi apparatus. This process promotes the acti-
vation of the y-secretase complex and the formation of a catalytically
active site with two transmembrane aspartic acids [10,17].

Activation of the Notch pathway requires multiple cleavages of
proteases. It has been found that the cleavage of the Notch receptor by
y-secretase in the transmembrane region is key to the abnormal acti-
vation of the Notch pathway. When y-secretase cleaves the Notch re-
ceptor, the carboxy-terminal f-chain of the Notch fragment forms a
p-sheet with the p-chain of PSEN-1, which is the key to the cleavage of
the carboxy-terminal of the Notch transmembrane helix [18]. In addi-
tion, PSEN-1 undergoes significant conformational rearrangements
upon binding to substrates. Since GSIs can block the structural confor-
mation and substrate binding of PSEN-1 by inhibiting the protease, they
can stabilize the rearranged conformation caused by PSEN-1. Therefore,
GSIs can prevent drug resistance mediated by abnormal activation of the
Notch pathway [17].

3. Signaling pathway of y-secretase/Notch activation to induce
tumor drug resistance

In antineoplastic therapy, drug resistance can arise through two
common scenarios: primary resistance and acquired resistance. Primary
resistance refers to drug resistance that is already present in the cancer
cells before treatment, while acquired resistance gradually develops as a
result of factors such as drug therapy [19]. Clinically, the most of tumor
chemotherapy resistance belongs to the acquired drug resistance.
Therefore, understanding how acquired drug resistance developed is
extremely important to improve the prognosis of cancer patients. There
is increasing evidence that abnormal activation of the y-secretase/Notch
pathway is a key factor in the development of tumor resistance.

Aberrant activation of the Notch signaling pathway caused by
+y-secretase is associated with tumor resistance to chemotherapy and
radiotherapy [20]. It has been found that NCST overexpression activates
the Notch pathway which mediates tumor drug resistance. Over-
expression of NCST induced the activation of Notch-4 which made ERo+
breast cancer cells resistant to tamoxifen (Selleckchem, CAS No.: 10540-
29-1, TX, USA) and led to changes in EMT phenotype and CSCs content
[21]. After the knockdown of NCST, the cell invasiveness was reduced
by 51.4 + 1.7 %, and the number of CD44(+)/CD24(—) and the
expression of acetaldehyde dehydrogenase 1 (ALDH1) in breast cancer
stem cells (BCSCs) were reduced threefold and twofold, respectively
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[22]. It has been shown that the production of UDP through de novo
pyrimidine synthesis is essential for the generation of UDP-GlcNAc,
which is necessary for N-linked glycosylation and the stabilization of
the NCST subunit in the y-secretase complex. This, in turn, induces
Notch cleavage, leading to the activation of c-Myc gene transcription.
The upregulation of c-Myc, subsequently, encourages the expression of
key enzymes for glycolysis, promoting the process. The increased rate of
glycolysis, then, upregulates key enzymes for neo-pyrimidine synthesis,
resulting in the development of chemoresistant gastric cancer cells [23],
as depicted in Fig. 2A. Tumor radiotherapy leads to increased y-secretase
activity, which promotes excessive shearing of Notch receptors and thus
induces increased intranuclear accumulation of NICD, which in turn
induces drug resistance by abnormal activation of the Notch signaling
pathway.

Notch receptors are evolutionarily and highly conserved single-
channel transmembrane proteins that typically transmit signals upon
binding to transmembrane ligands expressed on adjacent cells. The
Notch receptor family includes four receptors: Notch-1, -2, -3, and -4.
Notch receptors function in highly conserved intercellular signaling
pathways and play an important role in the regulation of cell prolifer-
ation, differentiation, and apoptosis. Various tumor drug resistance may
be mediated by different Notch receptors. The Notch-1 receptor is the
most important receptor to mediate tumor drug resistance, it has been
shown the activation of Notch-1 signaling promotes tamoxifen resis-
tance in breast cancer xenograft tumors and resistance of melanoma
cells to MAPK inhibitors [24]. In non-small cell lung cancer (NSCLC),
Notch-1 activates the early transcription factor activator protein 1 (AP-
1) to induce tumor resistance to paclitaxel (Selleckchem, CAS No.:
33069-62-4, TX, USA) via downregulating miR-451, which is a direct
regulator of multidrug resistance protein-1 [25]. Mutation of the SCF E3
ubiquitin ligase FBWX7, which inhibits the growth of T-cell acute
lymphoblastic leukemia (T-ALL) cells, prevents Notch-1 from being
degraded by ubiquitination, resulting in upregulation of the Notch
signaling pathway [26]. Moreover, the Notch-1 receptor is also associ-
ated with radiotherapy resistance [27]. As depicted in Fig. 2B, the
studies suggested that targeting the Notch-1 receptor could be a crucial
strategy to overcome drug resistance in tumors.

Notch-3 receptor may also be a key target for chemoresistance in
progressive tumors [4.8]. Increased expression of the orphan nuclear
receptor NR2F6 interacts with the promoter of Notch-3, causing the
activation of the Notch-3 signaling pathway. This activation is achieved
by enhancing p300 enrichment and histone acetylation on the promoter,
ultimately leading to elevated expressions of Notch-3, NICD, and Hes-1.
This phenomenon fosters a stem-cell-like behavior and mediates the
resistance of epithelial ovarian cancer cells to cisplatin (Sigma-Aldrich,
CAS No.: 15663-27-1, MO, USA) (28], as depicted in Fig. 2C. In addition,
Notch-4 can mediate drug resistance in some tumors. Protein kinase Cu,
a marker of poor prognosis in ERa(+/—) breast cancer, induces breast
cancer drug resistance by increasing Notch-4 expression through AP-1
[29].

Although the association of drug resistance with the activation of
Notch receptors-1, -3, and -4 has been well documented, as far as there
are very few studies about Notch-2 tumor drug resistance, the role of
Notch-2 receptors in tumor drug resistance is controversial. In addition
to Notch receptors, it has been shown to increased expression of ca-
nonical ligand Jagged-1 is associated with poorer prognosis and drug
resistance, as depicted in Fig. 2D. Lapatinib (Selleckchem, CAS No.:
2312779-2-2, TX, USA), a human epidermal growth factor receptor 2
(HER2) inhibitor, can increase the expression of Jagged-1 in cancer cell
populations in HER2-positive breast cancer, the upregulation of Jagged-
1 facilitates the activation of Notch and enhances the CSC population,
leading to the development of lapatinib resistance [30]. The modulation
of the Twistl-Jaggedl/Kriippel-like factor (KLF4) axis has been sug-
gested as an important strategy for therapeutic drug resistance in head
and neck cancers. The induction of stem-like properties and drug resis-
tance in head and neck cancer cells is achieved through the Twistl-



M. Feng et al.

Biochemical Pharmacology 220 (2024) 115991

ol T ) Vi

ol TN,
ey
B

N

Glycolysis

B ————+ Pathway sctivation
————» Resistance promotion

i ot

Nacleus

N—
iss‘;mmmnmm?
el

SORPUR
Woteh smseprer g Sonput:d
T —— o<
vty -
72 ‘ 5FU mmm::m -
- Oxaliplatin resistance

(* ol

@k 7 (e

Fig. 2. Aberrant activation of the y-secretase/Notch axis mediates tumor drug resistance. A. Excessive glycosylation of NCST increases y-secretase activity that leads
to abnormal activation of the NICD/Notch axis to mediate chemotherapy tolerance. B. Increased Notch-1 involves y-secretase hydrolysis or modulation of miR-451 (a
regulator of multidrug resistance protein-1), leading to tumor drug resistance. C. NR2F6 overexpression induces abnormal expression of downstream genes in the
NICD/Notch-3 axis and cisplatin resistance. D. Twistl-Jagged1/KLF4 axis mediates tumor drug resistance through the regulation of CSCs.

induced the activation of Jagged-1/Notch/KLF4 signaling pathway
[31]. It has been shown that Jagged-1 is associated with resistance to 5-
fluorouracil (5-FU) (Selleckchem, CAS No.: 51-21-8, TX, USA) and
oxaliplatin (Selleckchem, CAS No.: 61825-94-3, TX, USA) in colorectal
cancer because silencing Jagged-1 is sufficient to restore the sensitivity
of colorectal cancer cells to chemotherapy [32]. Furthermore, the
upregulation of Hes-1 in the Notch pathway has been shown to
contribute to multidrug resistance in tumors [33]. For instance,
pancreatic stellate cells increase Hes-1 expression and promote chemo-
resistance in pancreatic cancer, and high expression of Hes-1 is
considered as a biomarker of poor prognosis in pancreatic cancer [34].

Individual Notch family members play different, and even opposite,
roles in cancer, depending on the cellular environment and tumor type.
For example, Notch-1 and Notch-4 have been observed as oncogenes in
breast cancer, while Notch-2 and Notch-3 have been found to be tumor
suppressors [35,36]; Notch-1 and Notch-3 are oncogenic factors in T-
ALL, lung adenocarcinoma and ovarian cancer [37-41]; Notch-1 and
Notch-2 are highly expressed in B-chronic lymphocytic leukemia as well
as gliomas and play an oncogenic role [42]. Surprisingly, Notch re-
ceptors also play a different role in tumor resistance, with Notch-1,
Notch-3 and Notch-4 receptors all contributing to breast cancer resis-
tance. No studies have shown the role of Notch-2 in breast cancer
resistance, but its expression is positively correlated with B-cell lym-

4. Potential mechanisms of y-secretase/Notch activation to
induce tumor drug resistance

4.1. The promotion of tumor cells transformation of CSCs

The expression of CSC-related genes plays an important role in tumor
progression, and these genes mediate the resistance of tumors to
chemotherapy and radiotherapy, as depicted in Fig. 3A. It has been
demonstrated that cisplatin-induced tumor chemotherapy resistance in
lung adenocarcinoma is achieved through the upregulation of p53-
mediated the activation of Notch signaling pathway [43]. Inhibiting
the Notch signaling pathway can decrease the expression of CSC genes,
thereby improving chemotherapy sensitivity [44.45]. In contrast, some
genes expressed in insulinoma stem cells, such as Oct4, Sox9, Sox2,
CD133, and CD34, have shown strong resistance to 5-FU in both human
and canine tumors [46]. Joon Tae Park et al. demonstrated that Notch-3
can increase the expression of embryonic stem cell-related genes, such as
Nanog, Oct4, and ABCB1. Increased these genes may cause ovarian
cancer cells resistant to carboplatin (Selleckchem, CAS No.: 41575-94-4,
TX, USA) [47]. These results support the notion that the Notch signaling
pathway regulates the expression of CSC genes.

Tumor radiotherapy resistance is also associated with Notch
signaling path lated CSC gene expression. The activation of the

phoma resistance. In ovarian cancer it is mainly Notch-3 overexp n
that leads to resistance to chemotherapeutic agents. Drug resistance in
prostate cancer, hepatocellular carcinoma (HCC), T-ALL, and NSCLC is

mainly due to Notch-1 overexpression.

Notch p increased the expression of these genes which mediates
tumor radiotherapy resistance. Nanog may mediate radio-resistance in
ALDH-positive breast cancer cells through the activation of Notch-1 and
Akt pathways, and inhibition of ALDH activity reduces the resistance of
breast CSCs to radiotherapy [48]. Meanwhile, Prabakaran et al. found
that FTS silencing decreased CSC gene expression, radiation-induced
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y-secretase complex activity and Hes-1 expression, and increased Notch-
mediated radiosensitivity of CSCs [49]. These findings indicate that
there is a positive correlation between y-secretase/Notch-mediated
expression of CSC genes and radiotherapy resistance in tumors. Addi-
tionally, GSIs have been shown to decrease the expression of genes
associated with “stemness”, leading to increased sensitivity of cancer
cells to radiotherapy [50].

4.2. The promotion of the EMT process

The EMT process is positively correlated with tumor recurrence and
metastasis, and the EMT process is regulated by the y-secretase/Notch
pathway [50]. Epithelial HCC cells are more sensitive to sorafenib,
whereas HCC cells activated by the EMT process are resistant to sor-
afenib (Sigma-Aldrich, CAS No.: 284461-73-0, MO, USA) [51]. Snail isa
transcription factor that controls the expression of EMT-related genes,
and aberrant activation of the Notch-1 pathway can upregulate Snail to
promote EMT activation [52,53]. Studies on sorafenib-resistant HCC
reveal that Notch-1 induces sorafenib resistance of HCC by down-
regulation of E-cadherin expression and upregulation of N-cadherin,
Snaill, ABCG2, Nanog, and Oct4 expression [51], which are known as
EMT-related genes, as depicted in Fig. 3B. It is well known that tumor
cells often live in a hypoxic environment, Notch signaling can convert
hypoxic stimuli into kinetic energy that promotes EMT progression,
accelerating tumor cell migration and invasion [54]. All the above-
mentioned studies support that the y-secretase/Notch pathway plays a
regulatory role in EMT.

Reduced expression of E-cadherin and increased expression of
Vimentin are the main features of EMT [55]. Ylenia Lombardo et al.
discovered that a disrupted E-cadherin at cell-cell contact was present in
an endocrine therapy-resistant breast cancer model. However, this
disruption could be repaired by GSIs, anti-NCST monoclonal antibodies,
siRNA Notch-4, and NCST [21]. Similarly, a study of paclitaxel resis-
tance in prostate cancer found that enhanced Notch signaling down-
regulated E-cadherin, resulting in chemotherapy resistance. E-cadherin

overexpression can reverse chemotherapy resistance [56]. Therefore,
these findings suggest that E-cadherin downregulation may be a
phenotype of tumor drug resistance induced by y-secretase/Notch/EMT
axis regulation.

CSCs have epithelial-mesenchymal plasticity. Interestingly, EMT can
induce the formation of CSCs [57,58], and the natural drug resistance of
CSCs drives tumor insensitivity to drugs. Thus, the activation of Notch-1
can orientate to induce EMT and CSCs enrichment. Furthermore, the
blockade of the Notch-1 signaling pathway by GSIs can reverse EMT and
reduce CSC enrichment, which impedes tumor acquisition of drug
resistance [55]. These results demonstrate a strong link between the
y-secretase/Notch axis-regulated EMT, CSCs, and tumor drug resistance.

4.3. Activation of PI3K/Akt, MEK/ERK and NF-xB pathways

The y-secretase/Notch pathway activation of PI3K/Akt, MEK/ERK
and NF-B is required to enhance apoptosis resistance leading to drug
resistance, as depicted in Fig. 4. It has been shown that Notch-1 is
involved in survival signaling through the activation of Akt and Survi-
vin, leading to drug resistance in basal-like breast cancer [59]. The
carcinoma-inhibiting protein PTEN acts as a negative regulator of PI3K/
Akt signaling, converting phosphatidylinositol-3, 4, 5-trisphosphate
(PIP3) phosphate produced by PIBK to phosphatidylinositol-4, 5-
bisphosphate (PIP3), which in turn reverses the PI3K/Akt pathway
[60]. PTEN deficiency has been shown to contribute to tumor drug
resistance and Notch pathway activation [61]. It has been shown that
Notch-1, activates the ERK1/2 pathway and partially promotes the
proliferation of trastuzumab-resistant HER2+ breast cells through in-
hibition of PTEN [62]. The inhibition of Notch and Hedgehog signaling
can eliminate acquired docetaxel (Selleckchem, CAS No.: 114977-28-5,
TX, USA) resistance in prostate cancer, and the underlying mechanisms
may involve activation of the PI3K/Akt pathway by Notch, thereby
inducing docetaxel resistance [63]. Furthermore, the development of
chemoresistance may also involve the interplay of multiple pathways.
The correlation between Notch and MAPK pathways has been linked to
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MEK inhibitor resistance in BRAFV600E metastatic melanoma. On the
other hand, the inhibition of Notch and MAPK pathways has been shown
to extend the therapeutic impact of MEK inhibitors in such cells [64].
NF-xB signaling is located downstream of the Notch pathway, and the
DIl1/Notch axis activates the NF-xB pathway, which exerts a protective
effect against drug-induced cell death and DNA damage in breast cancer,
leading to chemotherapy resistance [65].

4.4. Promotion of ABC transporter proteins to accelerate the efflux of
intracellular chemotherapeutic drugs

ABC transporter proteins are a highly conserved class of trans-
membrane proteins, they function as a transporter responsible for
transporting intracellular substances to cell outside. Abnormal activa-
tion of the y-secretase/Notch pathway can promote the ABC transporter
protein to expel chemotherapeutic drugs from cell inside into outside,
reducing the concentration of chemotherapeutic drugs in tumor cells
and thus inducing drug resistance [66,67], the activation of the y-sec-
retase/Notch pathway has been shown to increase the ability of ABC
transporter protein to promote efflux of tumor chemotherapeutic drugs,
resulting in drug resistance and tumor recurrence [68].

Biochemical Pharmacology 220 (2024) 115991

ABCC1 is a type of ATP-binding cassette transporter. Notch-1 can
regulate ABCC1 expression through the transeription factor CBF1 [67],
as depicted in Fig. 5. The inhibition of Notch-1 can reduce the intra-
nuclear accumulation of NICD, and further downregulate the expression
of ABCC1 in drug-resistant cells, and ultimately reverse tumor drug
resistance. In addition, it has been reported that increased expression of
multidrug resistance-associated protein-1, which is encoded by the
ABCC1 gene, can also increase the efflux of chemotherapeutic drugs and
promote resistance of breast cancer cells to chemotherapeutic drugs
[69], Hes-1, a target gene of Notch can promote 5-FU resistance in
colorectal cancer by inducing ABC transporter proteins [70]. These re-
sults support the notion that the upregulation of ABC transport proteins
by Notch is one of the important mechanisms to induce tumor drug
resistance. In addition, RLIP and RalBP1, as non-ABC transporters, are
also key anti-apoptotic factors inducing drug resistance in tumors, but
their association with Notch has not been elucidated. In addition, RLIP
and RalBP1, as non-ABC transporters, are also key anti-apoptotic factors
inducing drug resistance in tumors [71.72]. RLIP may affect the
expression of genes downstream of Notch pathway, catalyze ATP-
dependent efflux of unmetabolized drugs and toxins on the plasma
membrane, and promote tumor progression [73.74]. RalBP1 has not
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proteasome, whereas HIF-1« in a hypoxic environment increases the activity of y-secretase, resulting in abnormal activation of Notch. B. Stromal cell-mediated RIG-1/
Notch-3 pathway co-drives tumor drug resistance. C. Intercellular contacts induce enhanced y-secretase/Notch axis signaling and promote tumor drug resistance.
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been studied for its association with Notch.

4.5. The activation of the y-secretase/Notch pathway by the interaction of
TME and Notch pathway

TME is composed of the extracellular matrix, soluble factors, and
other non-tumor cells (e.g., immune cells, fibroblasts) [75]. Because
rapid growth of tumor cells often causes tissue hypoxia, which activates
transeriptional factor hypoxia-induced factor-la (HIF-1er), HIF-1a can
promote APH-1A transcription and translation, leading to an increase in
APH-1A concentration and an enhancement in y-secretase activity, ul-
timately results in the activation of Notch signaling [15,20], as depicted
in Fig. 6 A. In addition, chronic hypoxia induces high expression of HIF-
2a, which activates the Notch pathway to promote the drug resistance of
BCSCs [76].

On the other hand, TME remodeling abnormally activates the Notch
pathway, while TME remodeling also increases the adaptation of tumor
cells to chemotherapeutic agents, leading to tumor resistance [77]. The
interaction between stromal cells with breast cancer cells can promote
drug resistance in breast cancer cells. As depicted in Fig. 6B, the inter-
action of stromal cells with breast cancer cells activates RIG-I antiviral
signaling, which further activates the Notch signaling pathway, leading
to excessive binding of Notch-3 to Jagged-1. As a result, the transcrip-
tional response of Notch-3 is promoted, leading to an increase in breast
cancer drug resistance [78].

The activation of Notch in tumor cells promotes the secretion of
soluble factors, which affects the angiogenic and immunosuppressive
environment of cells and causes TME remodeling. At the same time, TME
remodeling enhances the activation of the Notch pathway and induces
drug resistance in breast tumors [79]. Notch signaling can also promote
tumor drug resistance by regulating cell-cell contacts. Excessive binding
of Notch-3 and Jagged-1 promotes contact between tumor fibroblasts
and breast cancer cells, further increasing the accumulation of CD44
(+)/CD24 (-) tumor-initiating and drug-resistant cells leading to che-
moresistance [80]. Likewise, the binding of Jagged-1 on endothelial
cells and of Notch-2 on B-cell lymphoma cells induces drug resistance
and increased invasiveness of cancer cells (811, as depicted in Fig. 6C. It
has been shown that enhanced communication between cancer cells and
non-cancer cells by the activation of the y-secretase/Notch pathway, this
communication alters the tumor microenvironment which leads to drug
resistance.

5. GSIs target the y-secretase/Notch axis

In 2020, the atomic resolution cryo-electron microscopy structures of
y-secretase-bound three GSIs were reported for the first time [9]. The
‘whole process of y-secretase binding drugs provides a strong foundation
for the design and optimization of the next generation of substrate-
selective GSIs and also provides ideas for analyzing the mechanism of
GSIs targeting y-secretase/Notch axis reversal resistance. GSIs that have
been proven to be effective in reversing tumor resistance in combination
therapy include PF-03084014 (Selleckchem, CAS No.: 1290543-63-3,
TX, USA) [82], BMS-708163 (Selleckchem, CAS No.: 1146699-66-2,
TX, USA) [83], LY-411575 (Selleckchem, CAS No.: 209984-57-6, TX,
USA) [84], RO4929097 (Selleckchem, CAS No.: 847925-91-1, TX, USA)
[85], DAPT (Selleckchem, CAS No.: 208255-80-5, TX, USA) [86], GSI-
XII (MedChem Express, CAS No.: 161710-10-7, NJ, USA) [87], MK-
0752 (Selleckchem, CAS No.: 471905-41-6, TX, USA) [88], etc. Based
on the mechanism of inhibition, GSIs can be categorized into transition
state analogs (TSA) such as L-685458 (Selleckchem, CAS No.: 292632-
98-5, TX, USA), and non-transition state analogs (non-TSA) such as
DAPT and BMS-708163. TSA directly binds to the PSEN-1 active site and
can helically bind to the substrate, acting as an inhibitor by preventing
the formation of key interactions necessary for the initiation of substrate
cleavage [89]. Although TSA L-685458 eliminates y-secretase activity at
nanomolar concentrations, this inhibitor has not been reported in terms
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of reversing tumor resistance. Compared with TSA, non-TSA is more
effective in reversing tumor resistance, which may be related to its in-
hibition mechanism targeting y-secretase. Non-TSA DAPT doesnot make
contact with the active site of y-secretase and is the most commonly used
GSI to eliminate tumor resistance in preclinical studies. DAPT binds
tightly to y-secretase in the spacious cavity formed by TM2, TM3, and
TMS of PSEN-1, acting as an inhibitor by blocking the pathway from the
substrate to the active site [90].

Some GSIs, such as LY-411575 and R04929097 [91,92], do not
target y-secretases alone but bind to signal peptides peptidase (SPP) and
signal peptides peptidase-like (SPPL) proteases that are structure-like to
y-secretase. However, GSIs showed significant differences in the inhi-
bition rates of y-secretase and SPP/SPPL protease activities [93]. At a
certain concentration, GSIs can inhibit y-secretase but have little effect
on SPP/SPPL protease, so the effect of SPP/SPPL protease on reversing
tumor resistance is negligible. Studies have shown that LY-411575 and
R0O4929097 can reverse tumor resistance, further supporting the above
view. There are also differences between PSEN and SPP/SPPL proteases.
For example, the structures of the active site subsites of the two are
different [94]; compared with PSEN, the topological structure of SPP/
SPPL protease is overall reversed [95]. Because of these differences, not
all GSIs target both y-secretase and SPP/SPPL proteases. For example,
DAPT does not effective on SPP/SPPL proteases. DAPT specifically tar-
gets the PSEN C-terminal fragment, which is only present in the y-sec-
retase complex but not in the binding site of SPP/SPPL proteases, and
does not block the catalytic activity of SPP/SPPL family members [95].

6. Therapeutic strategies for reversing tumor resistance with
inhibition of the y-secretase/Notch pathway

Over the past two decades, many approaches to inhibit the aberrant
activation of the Notch pathway have been studied and developed, such
as GSIs, ADAM inhibitors, monoclonal antibodies and natural small
molecule compounds. Among them, GSIs are the first Notch pathway
inhibitors to be proposed by scientists and successfully developed.
Although GSIs treatment alone has shown promise in reversing tumor
chemoresistance, more studies have confirmed that GSIs combined with
conventional therapy (GCCT) can significantly improve tumor sensi-
tivity to chemotherapy. Conventional therapy is essential to inhibit
tumor growth and proliferation and promote tumor cell apoptosis, while
GSIs can enhance the effect of conventional therapy, and reverse the
tolerance of conventional drugs. Therefore, the scientific development
and rational application of GSIs are the key to reversing drug resistance
to conventional therapy.

The y-secretase/Notch axis serves as a regulatory hub for CSCs, EMT,
ABC transporter proteins, the PI3K/Akt, MEK/ERK and NF-«xB pathway,
and TME, with different mechanisms in the treatment of drug resistance
in different types of cancer. For breast cancer, reversal of breast cancer
resistance has been reported for DAPT, PF-03084014, and R04929097
[69,96,97], and mechanisms of action have been demonstrated for CSCs,
EMT, ABC transporter proteins, the PI3K/Akt, MEK/ERK and NF-«B
pathway and TME. In prostate cancer studies, targeting the y-secretase/
Notch axis will result in inhibition of the PI3K/Akt pathway, altered
TME, and decreased EMT and CSCs, thereby reversing resistance
[98-100]. Sorafenib resistance is common in the clinical management of
HCC. y-secretase/Notch axis blocks EMT and CSCs progression by
inhibiting the transformation of human mesenchymal stem cells to HCC
cells, blocking the activation of EpCAM, and inhibiting the expression of
EpICD and Notch1-Snaill are important for the reversal of HCC resis-
tance [101]. Drug resistance in lung adenocarcinoma and NSCLC is
mainly closely related to the PI3K/Akt pathway and CSCs regulated by
the y-secretase/Notch axis [102]. GSIs increase the sensitivity of lung
cancer to chemotherapeutic agents by inhibiting the activation of the
PI3K/Akt pathway and reducing the enrichment of CSCs [43,103-105].
By comparing the mechanistic changes in the y-secretase/Notch
pathway in drug resistance studies in different cancers, we propose that
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there is greater potential for the use of GSIs in the drug-resistant treat-
ment of breast cancer.

Compared with the above multiple mechanisms to induce tumor
resistance, the mechanism of regulating T-ALL and ovarian cancer
resistance by the y-secretase/Notch axis is relatively simple. Notch
activation mutations of Notch-1 are present in more than 50 % of T-ALL
patients [87]. There is evidence showing that GSIs in combination
therapies reduce tumor resistance by targeting the inhibition Notch-1
receptor. GSIs inhibit Notch-1 signaling by inducing the expression of
Bim (the BH3 gene required for glucocorticoid-induced apoptosis);
Meanwhile, treatment with glucocorticoid-induced CCND2 transcrip-
tional increases reversing intestinal toxicity after GSIs treatment
[106,107]. GCCT treatment of ovarian cancer resistance reduces the
activity of CSCs and increases the sensitivity of CSCs to the drug by
targeting Notch-3 [108,109].

GCCT reversal of drug resistance not only has the advantage of clear
objectives but also has sufficient theoretical basis and high feasibility, as
shown in Table 1. Although most of the clinical studies on reversing
tumor resistance by GCCT remain in phase I, the clinical effects of GCCT
indicate that it has broad development prospects. Recently, M. Gounder
and colleagues conducted an international Phase III, double-blind,
randomized, placebo-controlled trial in patients with progressive fi-
broma, the results of which confirmed the safety and efficacy of GSIs. PF-
03084014 treatment resulted in a 71 percent reduction in the risk of
disease progression or death, with 41 percent of patients having a clear
objective response and 7 percent having a complete response, with
mostly low-grade and transient adverse events [110]. The GSIs that have
been used to treat breast cancer resistance through GCCT and have
entered clinical studies include R0O4929097, MK-0752, and so on.
Among them, RO4929097 is more frequently used in clinical studies for
the treatment of breast cancer resistance, with 95 % of treatment-related
toxicity of grade 1 or 2 [111], well tolerated, and has a greater potential
for combining with conventional drugs in the treatment of breast cancer
resistance.

Based on the strategy of combining GSIs with chemotherapeutic
drugs, it is also possible to further enhance the effect of GSIs to reverse
the tolerance of chemotherapeutic drugs by optimizing the therapy. The
optimization of therapies aims to address the limitations and leverage
the benefits of GSIs through supplementary methods. Drug delivery
system based on solid lipid nanoparticles contains GSIs with surface-
modified death receptor-5 mAb and DI1-4 mAb to block the Notch
signaling-mediated activity of BCSCs, thereby reversing drug resistance
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[112]. This method has three advantages: (1) reducing the non-targeting
side effects of GSIs and improving the precision of treatment; (2) syn-
ergistic action of GSIs and DLL-4 mAb to block Notch signaling enhances
tumor sensitivity to the drug [112].

7. Conclusion and prospects

Tumor resistance is a dilemma in the field of cancer therapy, it has
been shown that the activation of the y-secretase/Notch signaling
pathway can promote tumeor drug resistance. The activation of the Notch
pathway results in enhancement in small number of drug-resistant cells
and stem-cell-like features in the tumor, promote EMT and the trans-
formation of tumor cells into CSCs, increment in the expression of ABC
membrane-bound proteins, activation of PI3K/Akt, MEK/ERK, and NF-
kB pathways, as well as regulating TME, the above mechanisms will lead
to drug resistance in breast cancer. There are three main ways to inhibit
the aberrant activation of the Notch pathway: (1) Inhibition of three
proteases involved in Notch receptor cleavage, such as furin-like pro-
tease, ADAM protease and y-secretase; (2) Blocking the transcription of
target genes, inhibiting the expression of CSL or MAML [113,114], or
changing the function of the Notch ternary complex formed by CSL,
NICD and MAML [115]. (3) Monoclonal antibodies targeting receptors
or ligands. (1) and (2) do not address the issue of non-specific targeting
of Notch receptors or ligands. This problem is addressed by developing
monoclonal antibodies that target specific receptors and ligands.
Currently, mature drugs targeting Jagged-2, DII-1, and Notch-4 have not
been reported, but there has been progress in the study of monoclonal
antibodies targeting Notch receptor-1/-2/-3 and other ligands of Notch
[42]. It is worth mentioning that GSIs can reverse tumor cell resistance
to chemotherapy drugs or increase chemotherapy sensitivity through
GCCT strategies, it can also induce tumor cell apoptosis and synergis-
tically inhibit tumor cell growth with conventional chemotherapy drugs.
GSIs are the most mature drugs targeting the y-secretase/Notch axis, PF-
03084014 has entered clinical phase III, which portend a promising
application of GSIs in reversing drug resistance.

Surprisingly, the Notch pathway is not only associated with tumor
drug resistance, but also plays an important role in tumor immune
response [116]. Notch activation significantly correlates with immune
checkpoint blockade in small cell lung cancer [117,118]. Over-
expression of Notch-2 receptor induces anti-tumor immune response in
CD8(+) T cells and reduces tumor load in mice [119]. On the contrary,
Notch-1 promotes immune escape of melanoma cells by upregulating

Table 1
GSIs that have reversed tumor resistance through GCCT strategies and have undergone clinical studies.
Agent Chemical structure Type of cancer Study Outcome
stage
RO4929097 ERa + metastatic Phase 1 R0O4929097 + Exemestane (Selleckchem, CAS No.: 107868-30-4, TX, USA): of
O breast cancer the 14 patients, 1 PR, 6 SD and 7 PD [126].
NH F ik Triple negative breast ~ Phase I R04929097 + j Paclitaxel and C: of the 14 female
[e] E F  cancer patients, 9 ORR (64 %) and 5 pCR (36 %) [127].
o] F Advanced solid Phase [ R04929097 + Cediranib (Selleckchem, CAS No.: 288383-20-0, TX, USA): of the
O N HN tumors 20 patients, 11 SD and 1 PR [128].
H Advanced solid Phase [ R0O4929097 + Temsirolimus (Selleckchem, CAS No.: 162635-04-3, TX, USA):
[e] tumors of the 17 patients, 11 SD (73 %) [129]
Recurrent Malignant Phase I R04929097 + Bevacizumab (MedChem Express, CAS No.: 216974-75-3, NJ,
Glioma USA): of the 12 patients, 2 RR, 1 CR, and 1 PR [130].
MK-0752 Breast cancer Phase I MK-0752 + Docetaxel: of the 24 participants, 11 PR, 9 SD, and 3 PD [88].

[0}

N

oy
.
F

o]

Note: pCR, pathological complete response; ORR, overall response rate; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; RR,

radiographic responses.
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TGF-p1 [120]. GSIs combined with immunotherapy as a novel strategy
has not been investigated in the treatment of tumor resistance. GSIs in
combination with immunotherapy is considered a more challenging and
promising treatment strategy than combination with chemotherapy and
radiotherapy.

However, GSIs have not achieved the expected results in clinical
research on reversing cancer chemotherapy resistance, which may be
related to the following reasons: (1) The selectivity of GSIs towards
substrates needs to be improved. There is literature indicating that in
addition to Notch receptors, GSIs also inhibit APP cleavage; In addition,
unlike other subtypes of Notch, the increased activity of Notch-2 re-
ceptors has anti-tumor effects [8,77]. (2) Excessive inhibition of the
Notch pathway may also trigger protective autophagy in tumor cells,
leading to tumor resistance. (3) GSIs treatment can increase the
expression of KLF4 and promote the accumulation of goblet cells in the
intestine, resulting in gastrointestinal side effects [106]. To address the
challenges of GSIs in treating tumor resistance, the following solutions
have been proposed: (1) Improvement of specific inhibition of Notch
receptors by optimization of GSIs design such as opti
drug sequence length and altering target site selection. A similar effect
can be achieved by screening suitable GSIs concentrations from Notch
substrate inhibitory profiles. In addition, the development of substrate-
selective GSIs may address this issue. (2) In the GSIs treatment regimen,
supplementing with PKC inhibitors alleviates the potential cellular
protective autophagy associated with GSIs [121]. (3) Intermittent
administration [100] or the preparation of GSIs into nanoparticles can
reduce gastrointestinal side effects during treatment. [122]. Although
there are still some controversies over the reversal of drug resistance by
GSIs, the vast majority of studies support that GSIs can effectively
reverse tumor drug resistance.

Cancer chemotherapy resistance is a huge obstacle. In preclinical
studies, drug activity tends to be overestimated when treated alone, and
combination therapy is an improvement on the above approach. In
implementing combination therapy, patients need to be categorized
using biomarkers that identify y-secretase activity to select which pa-
tients are suitable for GCCT treatment. Thus, finding genes or markers
that reflect y-secretase activity is key to combination therapy. In addi-
tion, phenotypic screening of tumors using patient samples can provide
useful information to guide the development of next-generation GSIs, as
well as for evaluating tumor cells for targeting natural components.
Natural products with better pharmacokinetics and safety are the di-
rection of drug development. The research and application of GSI
derived from natural products in Alzheimer’s disease is more in-depth
compared to tumor resistance therapy. For example, natural source
Dihydroergocristine, it is a type of y-secretase inhibitors, which is
approved by the FDA for the treatment of hypertension and dementia, no
gastrointestinal toxicity has been found so far [123]. Besides, Sulfo-
raphane increased the effectiveness of chemotherapeutic agents on CSCs
by inhibiting Notch-1 activity, and organ toxicity in mice was not found
[124]. Our research team confirmed that Cimigenoside was isolated and
purified from Cimicifuga dahurica (Turcz.) Maxim, can target the inhi-
bition of the y-secretase/Notch pathway, and show the activity of
reversing paclitaxel resistance in triple-negative breast cancer [125].
Although the development of GSIs from natural active ingredients for
the reversal of chemoresistance holds some promise, there are still many
challenges in bringing such novel GSIs from bench to bed.

18

Decl of

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This work was supported by the grant of National Natural Science

13

Biochemical Pharmacology 220 (2024) 115991

Foundation Youth Fund Project [No. 82204685] and the Basic Scientific
Research Projects for Colleges and Universities, Department of Educa-
tion, Liaoning Province, China [No. LJKMZ20221797]; by the grant of
National Natural Science Foundation [Nos. 82270434, 81970357].

References

[

=

M. Smalley, L. Piggott, R. Clarkson, Breast cancer stem cells: obstacles to therapy,
Cancer Lett. 338 (1) (2013) 57-62.

T.R. McCaw, E. Inga, H. Chen, R. Jaskula-Sztul, V. Dudeja, J.A. Bibb, et al.,
Gamma secretase inhibitors in cancer: a current perspective on clinical
performance, Oncologist 26 (4) (2021) e608-e621.

M. BeLow, C. Osipo, Notch signaling in breast cancer: a role in drug resistance,
Cells 9 (10) (2020).

C.K. Jain, S. Bhargava, L Jain, S. Varshney, Targeting notch pathway in cancer
diagnostics and therapeutics: an emerging approach, Recent Pat. Anticancer Drug
Discov. 17 (3) (2022) 244-252.

8. Yamamoto, W.L. Charng, H.J. Bellen, Endocytosis and intracellular trafficking
of Notch and its ligands, Curr. Top. Dev. Biol. 92 (2010) 165-200.

F. Radtke, F. Schweisguth, W. Pear, The Notch ‘gospel’, EMBO Rep. 6 (12) (2005)
1120-1125.

H. Jia, Z. Wang, J. Zhang, F. Feng, gamma-Secretase inhibitors for breast cancer
and hepatt ism to treatment, Life Sci. 268
(2021), 119007.

M. Brzozowa-Zasada, A. Piecuch, M. Michalski, O. Segiet, J. Kurek, M. Harabin-
Slowinska, et al., Notch and its oncogenic activity in human malignancies, Eur.
Surg. 49 (5) (2017) 199-209.

G. Yang, R. Zhou, X. Guo, C. Yan, J. Lei, Y. Shi, Structural basis of gamma-
secretase inhibition and modulation by small molecule drugs, Cell 184(2) (2021)
521-533 el4.

[1og » Walfe, Y. Miao, Structure and mechanism of the y-secretase intramembrane
protease complex, Curr. Opin. Struct. Biol, 74 (2022).

P. Lu, X.C. Bai, D. Ma, T. Xie, C. Yan, L. Sun, et al., Three-dimensional structure of
human gamma-secretase, Nature 512 (7513) (2014) 166-170.

S. Shah, S.F, Lee, K. Tabuchi, Y.H. Hao, C. Yu, Q. LaPlant, et al., Nicastrin
functions as a gamma-secretase-substrate receptor, Cell 122 (3) (2005) 435-447.
M. Moniruzzaman, S. Ishihara, M. Nobuk , H. Higashide, S. Fu t
Glycosylation status of nicastrin influences catalytic activity and substrate
preference of gamma-secretase, Biochem. Biophys. Res. Commun. 502 (1) (2018)
98-103.

A. Escamilla-Ayala, R. Wouters, R. Sannerud, W. Annaert, Contribution of the
Presenilins in the cell biology, structure and function of gamma-secretase, Semin.
Cell Dev. Biol. 105 (2020) 12-26.

R. Wang, Y.W. Zhang, X. Zhang, R. Liu, X. Zhang, §. Hong, et al., Transcriptional
regulation of APH-1A and increased gamma-secretase cleavage of APP and Notch
by HIF-1 and hypoxia, FASEB J. 20 (8) (2006) 1275-1277.

S.H. Kim, 8.5. Sisodia, A sequence within the first transmembrane domain of PEN-
2 is critical for PEN- diated endoproteolysis of ilin 1, J. Biol. Chem
280 (3) (2005) 1992-2001.

MLS. Wolfe, Structure and function of the gamma-secretase complex,
Biochemistry 58 (27) (2019) 2953-2966.

G. Yang, R. Zhou, Q. Zhou, X. Guo, C. Yan, M. Ke, et al., Structural basis of Notch
recognition by human gamma-secretase, Nature 565 (7738) (2019) 192-197.
H.M. Zhou, J.G. Zhang, X. Zhang, Q. Li, Targeting cancer stem cells for reversing
therapy resistance: mechanism, signaling, and prospective agents, Signal
Transduct. Target. Ther. 6 (1) (2021) 62.

J.C. Villa, D. Chiu, A.H. Brandes, F.E. Escorcia, C.H. Villa, W.F. Maguire, et al.,
Nontranscriptional role of Hif-1alpha in activation of gamma-secretase and notch
signaling in breast cancer, Cell Rep. 8 (4) (2014) 1077-1092.

Y. Lombardo, M. Faronate, A. Filipovic, V. Vircillo, L. Magnani, R.C. Coombes,
Nicastrin and Notch4 drive endocrine therapy resistance and epithelial to
mesenchymal transition in MCF7 breast cancer cells, Breast Cancer Res. 16 (3)
(2014) R62.

Y. Lombardo, A. Filipovié, G. Molyneux, M. Periyasamy, G. Giamas, Y. Hu, et al.,
Nicastrin regulates breast cancer stem cell properties and tumor growth in vitro
and in vive, Proc. Natl. Acad. Sci. 109 (41) (2012) 16558-16563.

D. He, M. Chen, L. Chang, J. Gu, F. Liu, X. Gao, et al,, De novo pyrimidine
synthesis fuels glycolysis and confers chemoresistance in gastric cancer, Cancer
Lett. 549 (2022), 215837.

CA. Martz, K.A. Ottina, K.R. Singleton, J.8. Jasper, S$.E. Wardell, A. Peraza-
Penton, et al., Systematic identification of signaling pathways with potential t©
confer anticancer drug resistance, Sci. Signal. 7 (357) (2014) ral21.

V. Sosa Iglesias, L. Giuranno, L.J. Dubois, J. Theys, M. Vooijs, Drug resistance in
non-small cell lung cancer: a potential for NOTCH targeting? Front. Oncol. 8
(2018) 267.

CM. McMahon, S.M. Luger, Relapsed T Cell ALL: current approaches and new
directions, Curr. Hematol. Malig. Rep. 14 (2) (2019) 83-93.

L Gharaibeh, N. Elmadany, K. Alwosaibai, W. Alshaer, Notch1 in cancer therapy:
possible clinical implications and challenges, Mol. Pharmacol. 98 (5) (2020)
559-576.

H. Li, W. Zhang, C. Niu, C. Lin, X. Wu, Y. Jian, et al., Nuclear orphan receptor
NR2F6 confers cisplatin resistance in epithelial ovarian cancer cells by activating
the Notch3 signaling pathway, Int. J. Cancer 145 (7) (2019) 1921-1934.

[2

[3]

[41

5!

6

71

llular carcinoma: from

[8]

111
n21

131

[14]

151

[16]

n7]
(18]

[191

[20]

[21]

[22]

[231

[24]

[25]

[26]

[271

28]



M. Feng et al.

[291

[301

[311

[32]

[331
[34

&

[35]

[36]

[371
[38]

[39]

[40]

[411

[42]

[431

[44]

[451

[46]

[471

[48]

[491

[50°

=2

[51]

521
[531

[54]

[55]

[56]

571

J. Yun, A, Pannuti, 1. Espinoza, H. Zhu, C. Hicks, X. Zhu, et al., Crosstalk between

PKCalpha and Notch-4 in endocrine-resistant breast cancer eells, Oncogenesis 2

(8) (2013) e60.

D. Shah, D. Wyatt, A.T. Baker, P. Simms, D.S. Peiffer, M. Fernandez, et al,,

Inhibition of HER2 increases JAGGED1-dependent breast cancer stem cells: role

for membrane JAGGED1, Clin. Cancer Res. 24 (18) (2018) 4566-4578.

ELF. Chen, C.H. Huang, C.J. Lin, J.J. Hung, C.C. Hsu, S.C. Teng, et al., Twistl

induces endothelial differentiation of tumour cells through the Jagged1-KLF4

axis, Nat, Commun. 5 (2014) 4697,

M. Pelullo, 5. Zema, M. De Carolis, S. Cialfi, M.V. Giuli, R. Palermo, et al., 5SFU/

Oxaliplatin-Induced jagged] cleavage counteracts apoptosis induction in

colorectal cancer: a novel mechanism of intrinsic drug resistance, Front. Oncol.

12 (2022), 918763.

Z.H. Liu, X-M. Dai, B. Du, Hes1: a key role in stemness, metastasis and multidrug

resistance, Cancer Biol, Ther. 16 (3) (2015) 353-350.

F. Cao, J. Li, H. Sun, §. Liu, Y. Cui, F. Li, HES 1 is essential for chemoresistance

induced by stellate cells and is associated with poor prognosis in pancreatic

cancer, Oncol. Rep. 33 (4) (2015) 1883-1889.

C.-F, Chen, X.-W. Dou, Y.-K. Liang, H.-Y. Lin, J.-W. Bai, X.-X. Zhang, et al., Notch3

overexpression causes arrest of cell cycle progression by inducing Cdh1

expression in human breast cancer cells, Cell Cycle 15 (3) (2016) 432-440.

C. Parr, G. Watkins, W. Jiang, The possible correlation of Notch-1 and Notch-2

with clinical outcome and tumour clinicopathological parameters in human

breast cancer, Int. J. Mol. Med. 14 (5) (2004) 779-786.

0. Hopfer, D, Zwahlen, M. Fey, S. Aebi, The Notch pathway in ovarian

carcinomas and adenomas, Br. J. Cancer 93 (6) (2005) 709-718.

J. Park, M. Li, K. Nakayama, T. Mao, B. Davidson, Z. Zhang, et al,, Notch3 gene

amplification in ovarian cancer, Cancer Res. 66 (12) (2006) 6312-6318.

D. Herranz, A. Ambesi-Impiombato, T. Palomero, §. Schnell, L. Belver,

A. Wendorff, et al., A NOTCH1-driven MYC enhancer promotes T cell

development, transformation and acute lymphoblastic leukemia, Nat. Med. 20

(10) (2014) 1130-1137.

P Bernasmm Elias, T. Hu, D. Jenkins, B. Firestone, 8. Gans, E. Kurth, et
i of activating i of NOTCH3 in T-cell acute

leukemia and ic activity of NOTCH3 inhibitory

antibodies, Oncogene 35 (47) (2016) 6077-6086.

X. Yuan, H. Wu, H. Xu, N. Han, Q. Chu, S. Yu, et al., Meta-analysis reveals the

correlation of Notch signaling with non-small cell lung cancer progression and

prognosis, Sci. Rep. 5 (2015) 10338,

B. Zhou, W. Lin, Y. Long, V. Yang, H. Zhang, K. Wu, et al., Notch signaling

pathway: archi disease, and th Signal Transduct. Target. Ther.

7 (1) (2022) 95.

Y-P. Liu, C.-J. Yang, M.§. Huang, C.-T. Yeh, A.T.H. Wu, Y.C. Lee, et al, Cisplatin

selects for multidrug-resistant CD133+ Cells in lung adenocarcinoma

activating notch signaling, Cancer Res. 73 (1) (2013) 406-416.

S.P.P. Babu, S. A Thiyagaraj, Cancer

stem cell markers interplay with chemoresistance in triple negative breast cancer:

a therapeutic perspective, Bull. Cancer 109 (9) (2022) 960971,

J. Dittmer, A. Rody, Cancer stem cells in breast cancer, Histol. Histopathol. 28 (7)

(2013) 827-838.

¥. Capodanno, F.0. Bmshznd LY. Pang, J. Kirpensteijn, J.A. Mol, D.J. Argyle,

Notch pathway i argets ¢ cancer stem cells,

Endocr. Relat. Cancer 25 [2) (2018) 131-144.

JT. Park, X. Chen, C.G. Trope, B. Davidson, M. Shih Ie, T.L. Wang, Notch3

overexpression is related to the recurrence of ovarian cancer and confers

resistance to carboplatin, Am. J. Pathol. 177 (3) (2010) 1087-1094,

M. Dehghan Harati, FLP. Rodemann, M. Toulany, Nanog signaling mediates

radioresistance in ALDH-positive breast cancer cells, Int. J. Mol. Sdi. 20 (5)

ti-leuk:

(2019).
DS. P s. 5T, JR. Yu, W.Y. Park, Silencing of
FTS increases radiosensitivity by blocking radiation-induced Noteh1 activation

and spheroid formation in cervical cancer cells, Int. J. Biol. Macromol. 126 (2019)

1318-1325.

J.C. Aster, WS. Pear, 5.C. Blacklow, The varied roles of notch in cancer, Annu.

Rev. Pathol. 12 (2017) 245-275.

X. Yang, W. Xia, L. Chen, C.X. Wu, C.C. Zhang, P. Olson, et al, Synergistic

antitumor effect of a gamma-secretase inhibitor PF-03084014 and sorafenib in
carcinoma, O 9 (79) (2018) 34996-35007.

P. Yaswen, targeted wit stability factors,

Cell Cycle 13 (24) (2014) 3818-3822,

L Espinoza, R. Pochampally, F. Xing, K. Watabe, L. Micle, Notch signaling:

targeting cancer stem cells and epithelial-to- Onco

Targets Ther. 6 (2013) 1249-1259.

C. Sahlgren, M.V. Gustafsson, S. Jin, L. Poellinger, U. Lendahl, Notch signaling

mediates hypoxia-induced tumor cell migration and invasion, PNAS 105 (17)

(2008) 6392-6397.

Y. Wang, Y. Zhong, T. Hou, J. Liao, C. Zhang, C. Sun, et al., PM2.5 induces EMT

and promotes CSC properties by activating Notch pathway in vivo and vitro,

Ecotoxicol. Environ. Saf. 178 (2019) 159-167.

W. Wang, L. Wang, A. Mizokami, J. Shi, C. Zou, J. Dai, et al., Down-regulation of

E-cadherin enhances prostate cancer chemoresistance via Notch signaling, Chin.

J. Cancer 36 (1) (2017) 35.

M. Luo, M. Brooks, M.! S chhz, Eplmchai-mcsenchyma.l plasnutyof breast

cancer stem cells: i for and Carr,

Pharm. Des. 21 (10) (2015) 1301-1310.

P ypi

hymal

1

14

[58]

591

[601

[61]

[62]

[631

641

[651

[66]

671

[68]

[691

[701

711

721

[731

[741

[751

[76]

[781

791

[80]1

[s11

[82]

[831

[84

=

[851

Biochemical Pharmacology 220 (2024) 115991

A. Singh, J. Settleman, EMT, cancer stem cells and drug resistance: an emerging

axis of evil in the war on cancer, Oncogene 29 (34) (2010) 4741-4751.

Y. Dong, A. Li, J. Wang, J.D. Weber, L.S. Michel, Synthetic lethality through

combined Notch-epidermal growth factor receptor pathway inhibition in basal-

like breast cancer, Cancer Res. 70 (13) (2010) 5465-5474.

V. Alvarez-Garcia, Y. Tawil, H.M. Wise, N.R. Leslie, Mechanisms of PTEN loss in

cancer: It's all about diversity, Semin. Cancer Biol. 59 (2019) 66-79.

W. Peng, J.Q. Chen, C. Liu, S. Malu, C. Creasy, M.T. Tetzlaff, et al., Loss of PTEN

promotes to T Cell i , Cancer Discov, 6 (2)

(2016) 202-216.

A. Baker, D. Wyatt, M. Bocchetta, J. Li, A. Filipovic, A. Green, et al., Notch-1-

PTEN-ERK1/2 signaling axis promotes HER2+ breast cancer cell proliferation

and stem cell survival, Oncogene 37 (33) (2018) 4489-4504.

1. Domingo-Domenech, S.J. Vidal, V. Rodriguez-Bravo, M. Castillo-Martin, S.

A. Quinn, R. Rodriguez-Barrueco, et al., Suppression of acquired docetaxel

resistance in prostate cancer through depletion of notch- and hedgehog-

dependent tumor-initiating cells, Cancer Cell 22 (3) (2012) 373-388,

L Porcelli, A. Mazzotta, M. Garofoli, R. Di Fonte, G. Guida, M. Guida, et al.,

Achve notch protects MAPK activated melanoma cell lines from MEK mhlbllor

inib, Biomed. her. 133 (2021), 111006.

s Kumar, A. Nandi, §. Singh, R. Regulapati, N. Li, J. Tobias, et al., DIl1 quiescent

tumor stem cells drive chemoresistance in breast cancer through NF-xB survival

pathway, Nat. Commun. 12 (1) (2021) 432.

ZY. Xie, F.F. Wang, ZH. Xiao, S.F. Liu, S.L. Tang, Y.L. Lai, Overexpressing

microRNA-34a ABOG2-mediated drug resi: to 5-FU in side

population cells from colon cancer via suppressing DLLI, J. Biochem. 167 (6)

(2020) 557-564.

S. Cho, M. Lu, X. He, P.L. Ee, U. Bhat, E. Schneider, et al., Notchl regulates the

expression of the multidrug resistance gene ABOC1/MRP1 in cultured cancer

cells, PNAS 108 (51) (2011) 20778-20783.

M. Dean, T. Fojo, 8. Bates, Tumour stem cells and drug resistance, Nat. Rev.

Cancer 5 (4) (2005) 275-284.

B Kim, S L. Stephen, A.M. Hanby, K. Horgan, S.L. Perry, J. Rjd!ardsm et al

induces Notchl MRP1 up

wtuch sensitizes breast cancer cells to chemotherapy, BMC Cancer 15 [2015) 534.

L Sun, J. Ke, Z. He, Z. Chen, Q. Huang, W. Ai, et al., HES1 promates colorectal

cancer cell resistance to 5-Fu by Inducing Of EMT and ABC transporter proteins,

J. Cancer 8 (14) (2017) 2802-2808.

K. Drake, J. Singhal, S. Yadav, A. Nadkar, C. Pungaliya, S. Singhal, et al.,

RALBP1/RLIP76 mediates multidrug resistance, Int. J. Oncol. 30 (1) (2007)

139-144.

. Singhal, R. Garg, D. Home, S. Singhal, §. Awasthi, R. Salgia, RLIP: A necessary
protein for ive stress into pro-obesity and pro-

carcinogenic signaling, Biochim. Biophys. Acta 1877 (5) (2022), 188803.

S. Singhal, §. Srivastava, T. Mirzapoiazova, D. Home, S. Awasthi, R. Salgia,

Targeting the mercapturic acid pathway for the treatment of melanoma, Cancer

Lett. 518 (2021) 10-22.

S, Singhal, R. Salgia, N. Verma, D. Home, 5. Awasthi, RLIP controls receptor-

ligand signaling by regulating clathrin-d is, Biochim. Biophys.

Acta 1873 (1) (2020), 188337,

K. Khalaf, D. Hana, J.T. Chou, C. Singh, A. Mackiewicz, M. Kaczmarek, Aspects of

the tumor microenvironment involved in immune resistance and drug resistance,

Front. Immunol. 12 (2021), 656364,

Y. Yan, F. Liu, L. Han, L. Zhao, J. Chen, O.1. Olopade, et al., HIF-2alpha promotes

conversion to a stem cel.l ype and induces in breast cancer

cells by activating Wit and Notch pathways, J. Exp. Clin. Cancer Res. 37 (1)

(2018) 256.

A. Chimento, M. D'Amico, V. Pezzi, F. De Amicis, Notch signaling in breast tumor

microenvironment as mediator of drug resistance, Int. J. Mol. Sci. 23 (11) (2022).

M.C. Boelens, T.J. Wu, B.Y. Nabet, B. Xu, Y. Qiu, T, Yoon, et al., Exosome transfer

from stromal to breast cancer cells regulates therapy resistance pathways, Cell

159 (3) (2014) 499-513.

A. Nandi, R. Chakrabarti, The many facets of Notch signaling in breast cancer:

toward overcoming therapeutic resistance, Genes Dev. 34 (21-22) (2020)

1422-1438.

X. Mao, J. Xu, W. Wang, C. Liang, J. Hua, J. Liu, et al., Crosstalk between cancer-

associated fibroblasts and immune cells in the tumor microenvironment: new

findings and future perspectives, Mol. Cancer 20 (1) (2021) 131.

0. Meurette, P. Mehlen, Notch signaling in the tumor microenvironment, Cancer

Cell 34 (4) (2018) 536-548.

Z Du, L. Li, W. Sun, X. Wang, V. Zhang, Z. Chen, et al., HepaCAM inhibits the
behavior of tant prostate cancer cells by

downregulating Notch signaling and PE-3084014 (a gamma-secretase inhibitor)

partly reverses the resistance of refractory prostate cancer to docetaxel and

enzalutamide in vitro, Int. J. Oncol. 53 (1) (2018) 99-112.

M. Xie, J. He, C. He, S. Wei, gamma Secretase inhibitor BMS-708163 reverses

resistance to EGFR inhibitor via the PI3K/Akt pathway in lung cancer, J. Cell.

Biochem. 116 (6) (2015) 1019-1027.

X. Tang, Y. Chen, X. Zhu, ¥, Ye, Y. Xue, R. Wang, et al., Nanog maintains stemness

of Tkbl-deficient lung adenocarcinoma and prevents gastric differentiation,

EMBO Mol. Med. 13 (3) (2021) 12627,

L Hiddingh, B.A. Tannous, J. Teng, B. Tops _| _leuken E. Hulleman, et al.,

EFEMP1 induces

glioblastoma, Oncotarget 5 (2) (2014) 363-374.




M. Feng et al.

[86]

[871

[88]

[891

[90]
[o1]

921

[93]

[941

951

[96]1

[98]

[991

[100]

fo1]

fo2]

[103]

[104]

[os]

[106]

[107]

[108]

[109]

G. Dai, 8. Deng, W. Guo, L. Yu, J. Yang, 5. Zhou, et al,, Notch pathway inhibition
using DAPT, a gamma-secretase inhibitor (GST), enhances the antitumor effect of
cisplatin in resistant osteosarcoma, Mol. Carcinog. 58 (1) (2019) 3-18.
P. Takam Kamga, G. Dal Collo, M. Midolo, A. Adamo, P, Delfino, A. Mercuri, et
al., Inhibition of notch signaling enhances chemosensitivity in B-cell precursor
acute Lymphoblastic Leukemia, Cancer Res. 79 (3) (2019) 639-649.
AE. Schott, M.D, Landis, G, Dontu, K.A. Griffith, RM. Layman, I. Krop, et al.,
Preclinical and clinical studies of gamma secretase inhibitors with docetaxel on
human breast tumors, Clin. Cancer Res. 19 (6) (2013) 1512-1524.
M. Hitzenberger, A. Gotz, S. Menig, B. Brunschweiger, M. Zacharias, C. Scharnagl,
The dynamics of gamma-secretase and its substrates, Semin. Cell Dev. Biol. 105
(2020) 86-101.
X.C. Bai, E. Rajendra, G. Yang, Y. Shi, S.H. Scheres, Sampling the conformational
space of the catalytic subunit of human gamma-secretase, Elife 4 (2015).
K. Moriishi, The potential of signal peptide peptidase as a therapeutic target for
hepatitis C, Expert Opin. Ther. Targets 21 (9) (2017) 827-836.
Y. Ran, G.Z. Ladd, C. Ceballos-Diaz, J.I. Jung, D. Greenbaum, K.M. Felsenstein, et
al, Differential inhibition of signal peptide peptidase family members by
retase inhibitors, PLoS One 10 (6) (2015) e0128619.

Y. Ran, F. Hossam, A. Pannuti, C.B. bessard G.Z. Ladd, J.L Jung, et al., gamma-
Secretase inhibitors in cancer clinical trials are pharmacologically and
functionally distinct, EMBO Mol. Med. 9 (7) (2017) 950-966.
N. Gertsik, D.M. Chau, Y.M. Li, retase i and
induce distinct conformational changes in the active sites of gamma-secretase and
signal peptide peptidase, ACS Chem. Biol. 10 (8) (2015) 19251931,
T. Mentrup, A.C. Loock, R. Fluhrer, B. Schroder, Signal peptide peptidase and
SPP-like proteases — possible therapeutic targets?, Biochim. Biophys. Acta Mol.
Cell Res. 1864(11 Pt B) (2017) 2169-2182.
C.C. Zhang, Z. Yan, Q. Zong, D.D. Fang, C. Painter, Q. Zhang, et al., Synergistic
effect of the gamma-secretase inhibitor PF-03084014 and docetaxel in breast
cancer models, Stem Cells Transl. Med. 2 (3) (2013) 233-242,
B.M. Simoes, C.S. O°Brien, R. Eyre, A. Silva, L. Yu, A. Sarmiento-Castro, et al.,
Anti-estrogen resistance in human breast tumors is driven by JAG1-NOTCH4-
dependent cancer stem cell activity, Cell Rep. 12 (12) (2015) 1968-1977.
D. Cui, J. Dai, J.M. Keller, A. Mizokami, S. Xia, E.T. Keller, Notch pathway
inhibition using PF-03084014, a gamma-secretase Inhibitor (GSI), enhances the
antitumor effect of docetaxel in prostate cancer, Clin. Cancer Res. 21 (20) (2015)
4619-4629.
T. Zhang, A.J. Armstrong, Docetaxel resistance in prostate cancer: taking it up a
notch, Clin. Cancer Res. 21 (20) (2015) 4505-4507.
L Wang, H. Zi, Y. Luo, T. Liu, H. Zheng, C. Xie, et al., Inhibition of Notch pathway
enhances the anti-tumor effect of docetaxel in prostate cancer stem-like cells,
Stem Cell Res. Ther. 11 (1) (2020) 258.
B. Endaya, S.P. Guan, J.P. Newman, H. Huynh, K.C. Sia, S.T. Chong, et al., Human
‘mesenchymal stem cells preferentially migrate toward highly oncogenic human
hepatocellular carcinoma cells with activated EpCAM signaling, Oncotarget 8
(33) (2017) 54629-54639.
H. Takahashi, J. Sakakibara-Konishi, M. Furuta, T. Shoji, K. Tsuji, D. Morinaga, et
al, Notch pathway regulates osimertinib drug-tolerant persistence in EGFR-
‘mutated non-small-cell lung cancer, Cancer Sci. 114 (4) (2023) 1635-1650.
J. Liu, Z. Mao, J. Huang, S. Xie, T. Liu, Z. Mao, Blocking the NOTCH pathway can
inhibit the growth of CD133-positive A549 cells and sensitize to chemotherapy,
Biochem. Biophys. Res. Commun. 444 (4) (2014) 670-675.
Y. Yang, X. Yan, W. Duan, J. Yan, W. Yi, Z. Liang, et al., Pterostilbene exerts
antitumor activity via the Notehl signaling pathway in human lung
adenocarcinoma cells, PLoS One 8 (5) (2013) e62652.
Y. Ma, M. Li, J. 8i, Y. Xiong, F. Lu, J. Zhang, et al., Blockade of Notch3 inhibits the
stem-like property and is associated with ALDH1AL and CD44 via autophagy in
non-small lung cancer, Int. J. Oncol. 48 (6) (2016) 2349-2358.
P.J. Real, V. Tosello, T. Palomero, M. Castillo, E Hernando,E de Stanchina, et al.,

cretase inhibi reverse gl in T cell acute
lymphoblastic leukemia, Nat. Med. 15 (1) (2009) 50-58.
G.C. Grosveld, Gamma-secretase inhibitors: Notch so bad, Nat. Med. 15 (1) (2009)
20-21.
S. Munoz-Galvan, B. Felipe-Abrio, M. Garcia-Carrasco, J. Dominguez-Pinol,
E. Suarez-Martinez, E.M. Verdugo-Sivianes, et al., New markers for human
ovarian cancer that link plal:mum resistance to the cancer stem cell phenotype
and define new and di ic tools, J. Exp. Clin.
Cancer Res. 38 (1) (2019) 234.
H. Kang, J.Y. Jeang, J.Y. Song, T.H. Kim, G. Kim, J.H. Huh, et al., Notch3-specific
inhibition using siRNA knockdown or GS! sensitizes paclitaxel-resistant ovarian
cancer cells, Mol. Carcinog. 55 (7) (2016) 1196-1209.

12

15

a1y

11

12

[113]

[114]

[115]1

[116]

7y

[118]

1191

201

[21]

[122]

[123]

[124]

[125]

[126]

a7z

[128]

[129]

[130]

Biochemical Pharmacology 220 (2024) 115991

M. Gounder, R. Ratan, T. Alcindor, P. Schoffski, W.T. van der Graaf, B.A. Wilky, et

al., Nirogacestat, a gamma-Secretase Inhibitor for Desmoid Tumors, N. Engl. J.

Med. 388 (10) (2023) 898-912,

A. Tolcher, W. ith, S. Mikulski, K. E. Kwak, D. Gibben, et

al., Phase I study of RO4929097, a gamma secretase inhibitor of Notch signaling,

in patients with refractory metastatic or locally advanced solid tumors, J. Clin.

Oncol. 30 (19) (2012) 2348-2353.

M. Kuman, P.T. Krishnamurthy, S. Pmdupmlu, P. Sola, DR-5 and DLL-4 mAb
SLNs of retase i - an approach for TNBC

treatment, Adv. Pharm. Bull. 11 (4) (2021) 618-623.

C. Hurtado, A. Safarova, M. Smith, R. Chung, A. Bruyneel, J. Gomez-Galeno, et

al., Disruption of NOTCH signaling by a small molecule inhibitor of the

transcription factor RBPJ, Sci. Rep. 9 (1) (2019) 10811,

L Astudillo, T. Da Silva, Z. Wang, X. Han, K. Jin, J. VanWye, et al., The small

molecule IMR-1 inhibits the notch transcriptional activation complex to suppress

tumorigenesis, Cancer Res. 76 (12) (2016) 3593-3603.

R. Lehal, J. Zaric, M. Vigolo, C. Urech, V. Frismantas, N. Zangger, et al.,

Pharmacological disruption of the Notch transeription factor complex, PNAS 117

(28) (2020) 16292-16301.

M. Janghorban, L. Xin, J.M. Rosen, X.H.F. Zhang, Notch signaling as a regulator of

the tumor immune response: to target or not to target? Front. Immunol. 9 (2018).

N. Roper, M.J. Velez, A. Chiappori, Y.S. Kim, 1.S. Wei, S. Sindiri, et al., Notch

signaling and efficacy of PD-1/PD-L1 blockade in relapsed small cell lung cancer,

Nat. Commun. 12 (1) (2021).

W. Li, L. Ye, Y. Huang, F. Zhou, C. Wu, F. Wu, et al., Characteristics of Notch

signaling pathway and its correlation with immune microenvironment in SCLC,

Lung Cancer (Amsterdam, Netherlands) 167 (2022) 25-33,

K. Sugimoto, Y. Maekawa, A. Kitamura, J. Nishida, A. Koyanagi, H. Yagita, et al.,

Notch2 signaling is required for potent antitumor immunity in vivo, J. Immunol.

(Baltimore, Md.: 1950) 184(9) (2010) 4673-4678.

Z. Yang, Y. Ql, N. Lai, J. Zhang Z Chcn. M. Liu, et al., Notchl signaling in

ed i via

of

TGE-p1, J. Exp Clin. Cancer Res. 37 (1) (2018).

G. Franciosa, J.G.A. Smits, 8. Minuzzo, A. Martinez-Val, S. Indraccolo, J.V. Olsen,

Proteomics of resistance to Notchl inhibition in acute lymphoblastic leukemia

reveals targetable kinase signatures, Nat. Commun. 12 (1) (2021) 2507.

¥. Zhou, L. Guan, W, Li, R. Jia, L. Jia, ¥. Zhang, et al, DT7 peptide-modified

lecithin nanoparticles co-loaded with gamma-secretase inhibitor and

dexamethasone efficiently inhibit T-cell acute lymphoblastic leukemia and reduce

gastrointestinal toxicity, Cancer Lett. 533 (2022), 215608.

X. Lei, J. Yu, Q. Niu, J. Liu, P. Fraering, F. Wu, The FDA-approved natural product

dihyd: istine reduces the production of the Alzheimer’s disease amyloid-p

peptides, Sci. Rep. 5 (2015) 16541,

G. Kallifatidis, §. Labsch, V. Rausch, J. Mattern, J. Gladkich, G. Moldenhauer, et

al., increases dri diated cytotoxicity toward cancer stem-like

cells of pancreas and prostate, Mol. Ther.: J. Am. Soc. Gene Ther. 19 (1) (2011)

188-195.

H. Jia, M. Liu, X. Wang, Q. Jiang, S. Wang, RK. Santhanam, et al., Cimigenoside

functions as a novel gamma-secretase inhibitor and inhibits the proliferation or

metastasis of human breast cancer cells by gamma-secretase/Notch axis,

Pharmacol. Res. 169 (2021), 105686.

J.A. Means-Powell, LA. Mayer, R. Ismail-Khan, L. Del Valle, D. Tonetti, V.

G. Abramson, et al., A phase Ib dose escalation trial of RO4929097 (a gamma-

secretase inhibitor) in combination with exemestane in patients with ER +

Metastatic Breast Cancer (MBC), Clin, Breast Cancer 22 (2) (2022) 103-114.

§. Sardesai, M. Badawi, E. Mrozek, E. Morgan, M. Phelps, J. Stephens, et al.,

A phase study of an oral selective gamma secretase (GS) inhibitor RO4929097 in
with dj and in in triple negative breast

cancer, Invest. New Drugs 38 (5) (2020) 1400-1410.

S. Sahebjam, P.L. Bedard, V. Castonguay, Z. Chen, M. Reedijk, G. Liu, et al.,

A phase [ study of the combination of r04929097 and cediranib in patients with

advanced solid tumours (PJG-004/NCI 8503), Br. J. Cancer 109 (4) (2013)

943-949,

L Diaz-Padilla, H. Hirte, AM. Oza, BA. Clarke, B. Cohen, M. Reedjik, et al.,

A phase Ib combination study of R04929097, a gamma-secretase inhibitor, and

temsirolimus in patients with advanced solid tumors, Invest. New Drugs 31 (5)

(2013) 1182-1191.

E. Pan, J.G. Supko, T.J. Kaley, N.A. Butowski, T. Cloughesy, J. Jung, et al, Phase I

study of RO4929097 with bevacizumab in patients with recurrent malignant

glioma, J. Neurconcol 130 (3) (2016) 571-579.




	三、SCI论文
	4.SCI论文全文


