
436

Artykuł przeglądowy / Review article

Biologia nowotworów / Tumor biology

Interactions between Notch and matrix metalloproteinases: 
the role in cancer

Jeeja Hernole , Rajeswari Narayanappa 

Department of Biotechnology, Dayananda Sagar College of Engineering in Bangalore, Visvesvaraya Technological University,  
Karnataka, India

�Notch has its importance in the development and maintenance of cells and tissues. Either gain or loss of Notch si-
gnalling causes a wide range of abnormalities including cancer. To activate Notch signalling, the notch ligand must be 
processed by the family of proteases, ADAMs. Until recently, exclusively in a cancer context, a class of proteases, matrix 
metalloproteinases (MMPs) were known to cleave notch and trigger downstream signalling. Notch was found to regu-
late the expression of matrix metalloproteinases (through crosstalk. Studies have revealed that interactions between 
Notch and MMPs are associated with aggressive cancer traits such as invasion, metastasis, angiogenesis, and endothelial 
mesenchymal transition. In this review, we resummarise the studies which reveal the Notch-MMP interactions that have 
provided new perceptions into the mechanisms behind Notch-mediated aggressiveness in cancers.
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Introduction
The notch signalling pathway is a conserved signalling pa-
thway that regulates normal development and maintains 
homeostasis by regulating cell fate decisions and cellular 
processes. It has an oncogenic role and tumour suppressor 
role depending in a cellular context [1]. Notch is activated via 
canonical and noncanonical ways that lead to the expression 
of the Notch target genes [2]. Inappropriate activation of Notch 
causes over-accumulation of the Notch intracellular domain 
(NICD) thereby activating abnormal cellular transformation 
and resultant morbid cellular traits. Knockdown of Notch or 
use of 𝛾-secretase inhibitors reverses such caused morbid traits 
in vitro [3–5]. Matrix metalloproteinases (MMPs) can cleave 
the notch receptor and activate signalling leading to patho-
logic outcomes [6]. 

Matrix metalloproteinases (MMPs) are zinc-dependent 
proteases which have a role in normal tissue development 

and maintenance through remodelling an extracellular matrix 
(ECM) [7]. There are about 23 MMPs known in humans and their 
expression is stimulated via PI3/AKT, MAPK, and ERK signal-
ling pathways, with turnover being regulated by endogenous 
MMP inhibitors, TIMPs [8]. Dysregulation in MMP turnover has 
a potential effect on tissue homeostasis and cell signalling dy-
namics [9–12]. Immunohistochemical (IHC) studies on tumour 
biopsies show that MMPs are critical role players in the breaka-
ge of tumour boundaries leading to tumour cell migration [13]. 

Role of matrix metalloproteinases in cancer 
In general, matrix metalloproteinases contribute to cancer 
processes via migration, EMT, metastasis and angiogenesis. 
During the migration process, the cell-to-cell and cell-to-
-matrix adhesion has to be disrupted. MMPs can degrade 
ECM, and shed the adhesion molecules (cadherins and inte-
grins), making them well-suited for the role during invasion 
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and metastasis [14, 15]. MMP3 directly cleave the E-cadherin, 
an adhesion molecule of the epithelial cell. Loss of E-cadhe-
rin mediates the epithelial cell to acquire the mesenchymal 
phenotype [16]. MMP2, MMP9 and MT1-MMP degrade the ba-
sal membrane and interstitium and promote angiogenesis. 
The MMP knockout mice did not exhibit such a phenotype 
[17]. Clinical trials involving broad-spectrum MMP inhibitors 
have been unsuccessful so far. Not least, the MMP-specifically 
targeted therapeutics have their challenges such as MMP sub-
-type selectivity, metabolic risks and toxicity [18–20]. 

The canonical Notch cascade
Notch signalling occurs between the two juxtaposed cells or 
within the same cell caused by the interaction of the Notch 
receptor to its ligand. There are four Notch receptors Notch1, 
Notch2, Notch3, and Notch4 and five canonical ligands con-
taining DSL-motif – DLL1, DLL3, DLL4, Jagged1, Jagged2, 
and many non-canonical ligands that lack the DSL-motif [21]. 
On the ligand binding to the Notch receptor, the NRR re-
gion of the receptor undergoes a conformational change to 
expose the S2 site for cleavage recognised by ADAM prote-
ases. The NRR region protects the extracellular Notch S2 site 
from proteases until the NRR site is physically destabilised by 
the ligand binding and ligand endocytosis [22, 23]. The S2 
cleavage typically requires ADAM10 and ADAM17, a disintegrin 
and metalloproteinase for Notch signalling, whereas Notch1 
ligand-independent signalling requires ADAM17 [24]. The S2 
cleavage is an important event for the succeeding S3 cleavage 
by 𝛾-secretase [25]. The S3 cleavage liberates the NICD, trans-
locates to the nucleus, interacts with the DNA binding prote-
ins CSL/RBPJ and MAML to form a ternary complex [26, 27]. 
The ternary complex binds to DNA at the super-enhancer 
region and causes the transcription of target genes [28, 29]. 
Common targets of Notch signalling are transcription factors 
of the HES family – Hes1, Hes5, and Hes7 and HEY family – Hey1, 
Hey2, and HeyL that modulate fundamental cellular processes 
such as proliferation, stem cell maintenance, and differentiation 
during embryonic and adult development [2, 30]. 

Non-canonical processing of Notch by specific 
MMPs
Typically, Notch1 requires consecutive two cleavage steps post 
Notch ligand-receptor binding: first at the S2 site by ADAM pro-
tease ADAM10 or 17, and second at S3 by 𝛾-secretase, which re-
sultantly releases the Notch intracellular domain (NICD). ADAM 
10 and ADAM17 have been regarded as canonical S2 proteases 
for cleavage at the S2 site on the Notch receptor which is regu-
larly implied in normal development and tissue homeostasis via 
regulation of cell fate decisions and cellular processes occur-
ring in drosophila, mice, and humans [25–31]. Many canonical 
and non-canonical Notch pathway components have been 
identified; the non-canonical ligands include DLK1, VE-cadherin, 
stanniocalcin-1 and the non-canonical proteases MMP7, MMP9, 

and MT1-MMP are mostly involved in pathogenesis [31–35]. 
Sawey and colleagues in 2008 found that MMP7 (matrilysin, 
an MMP) processes Notch1 independent of ADAMs which 
causes N1-NICD to be released and translocated to the nucleus 
[6]. On topical addition of recombinant MMP7 to COS-7 cells 
that are expressing Notch1 with C-terminal V5 tag underwent 
Notch activation including 𝛾-secretase cleavage, NICD nuclear 
translocation, and resultant expression of Notch target genes. 
Moreover, the immunoblots of the Notch-V5 tag showed that 
cleavage of the Notch extracellular domain particularly oc-
curred at the S2 site [36]. MMP7 is prevalently overexpressed 
in advanced cancers, with poor overall survival of patients, and is 
regarded as a prognostic biomarker in invasive and recurrent 
cancers [37–39]. MMP7 expression is controlled by PI3-K/AKT 
and/or ERK signalling via NF-κB transcription factor, and its 
loss of control is indicated in pathogenicity [40]. Similarly, like 
MMP7, the membrane-bound MT1-MMP (MMP14) can acti-
vate Notch by processing it independently of ADAMs (fig. 1). 
Changes in MT1-MMP expression affect the Notch signalling 
in melanoma cells. In the experiments, MT1-MMP processes 
the Notch1 actively in a Jagged1 ligand-dependent or indepen-
dent manner. Moreover, when the full-length MT1-MMP was 
expressed in WM266-4 melanoma cells, it cleaved the Notch1. 
In the same experiment, the Notch processing intensity corre-
lated to the expression of MT1-MMP. The resultant stimulation 
of the Notch target gene, HES, was confirmed by HES-reporter 
assay and gene expression analysis [41]. Non-canonical Notch 
processing by MT1-MMP not only affects cancer in the indi-
viduals but immunity too. It acts as a switch in normal B cell 
development in the bone marrow. Ectopic MT1-MMP cleaves 
the Notch ligand Delta-like 1 (DLL1) in bone marrow stem cells 
and thereby diminishes the Notch signalling by switching the B 
cell development [42]. 

Notch-MMP interactions: implications 
Generally, MMPs are expressed at low levels in tissues, and their 
expression is induced by stimuli when required for ECM remo-
delling [11]. Matrix metalloproteinase expression demands 
multilevel regulation of various stimulating factors such as 
cell-ECM interactions, cell-cell interactions, ECM stimulation 
and other cellular environmental factors such as pH, ROS, cellu-
lar endopeptidases, lipid peroxidation, hyperglycemic, hypoxia, 
etc. [9]. MMP expression regulation may involve transcriptional 
regulatory elements, epigenetic regulation, post-transcriptio-
nal regulation, or different regulation occurring due to disease 
conditions involving gene mutations and promoter polymor-
phisms in MMP [43]. These external stimuli lead to downstream 
cell signalling; MMP turnovers are majorly regulated by protein 
kinases PKA, PKB/AKT, and PKC/MAPKs (JNKs, ERKs, and P38) 
signalling pathways [44]. Downstream of these signalling 
pathways, there are cell-type specific transcription factors- 
NF-κB, AP-1 subunits C-jun/C-fos, PEA3, ETS, and STAT that have 
binding sites on the promoters of specific MMPs. Moreover, 
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these transcription factors either upregulate or downregulate 
the expression of MMPs. Functional collaboration of more than 
one transcription factor may be required to regulate the gene-
-specific MMP expression. For example, regulatory interactions 
between AP-1 and cis-acting ETS elements on the MMP1 
promoter are required to induce its expression [45].

Notch-NF-κB-MMP axis: invasion and migration
The notch signalling pathway critically participates in cell 
proliferation, apoptosis, cell invasion, and metastasis; studies 
show that notch pathway members are overexpressed [46–48]. 
Notch inhibition by downregulating Notch1 decreased inva-
sion in prostate cancer [49]. The proliferation and invasion 
of cancer cells require remodelling of the extracellular matrix 
surrounding it through the action of MMPs. Studies show 
Notch controls the expression of ECM component-specific 
matrix metalloproteinases to bring about the rearrangements 
in the tumour environment through cross-talks with the NF-κB 
pathway [50–52]. NF-κB expression is driven by Notch. Also, 
the ectopic feeding of NICD, usually the nuclear-translocated 
part of Notch to the breast cancer cells, causes the cells to lose 
cell to cell adhesion and promotes migration and invasion [51, 
53]. Notch1 is an upstream regulator of the NF-κB pathway 
where Notch1 and Notch3 induce transcription of NF-κB and its 

various subunits [54], moreover, NICD1 and NF-κB interac-
tion leads to its NF-κB retention in the nucleus and enhances 
binding to the promoter of its target MMP genes [55, 56] 
(fig. 2). However, it is not clear whether in addition to retention 
of NF-κB, NICD1 and NF-κB complexed together is required for 
its transcriptional activity. That said, Notch1 downregulation 
leads to inhibition of NF-κB binding activity thereby inhibiting 
the expression of MMPs [53, 57]. NF-κB has a binding site on 
promoters of  MMP1, MMP2, MMP7, and MMP9 to drive their 
expression [43, 52, 58]. Apart from MMPs, NF-κB drives the acti-
vity of cell adhesion molecules of ICAM, VCAM-1, and ECAM-1 
which are essential for the cell migration process [59, 60]. 

Notch-VEGF and MMP axis: angiogenesis 
Studies at the molecular level enable us to understand that 
Notch plays a pivotal role in sprouting angiogenesis; it ma-
intains the functional integrity of leading apical endothelial 
cells and growing basal cells. Particularly, the VEGF-Notch 
axis allows the extravasation of MMPs that degrade the basal 
membrane and facilitate angiogenic sprouting.  In the pro-
cess, the apical endothelial cell (EC) maintains low-notch 
signalling and high VEGFR2 expression to preserve the spro-
uting phenotype. VEGFR2 helps the apical cell to migrate 
towards the VEGF-transmitting angiogenic centre. It promotes 

Figure 1. A diagram of the non-canonical Notch signalling pathway. This schematic shows a simplified overview of the main components of MMP-activated 
Notch signalling. Upon Notch ligand binding, a two-step proteolysis cleavage process i.e. S2 (small scissors within the juxtamembrane region, and the 
transmembrane domain of the Notch receptor is catalysed by members of the metalloproteases (MMP) family and the γ-secretase containing complex i.e. 
S3, respectively, then the Notch intracellular domain (NICD) is released from the membrane and translocates to the nucleus, where it forms a transcriptional 
activation complex with CSL and coactivators (CoA), thereby inducing the transcription of target genes causing proliferation, invasion, angiogenesis, and 
EMT in cancer
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the expression of MT1-MMP, MMP2 and MMP9 which are 
prime members that bring about the ECM remodelling for 
apical cell sprouting and migration. On the other hand, the ba-
sal EC maintains high Notch signalling, low VEGFR2, high 
VEGFR1, and low MMP expression to preserve the non-spro-
uting phenotype in the basal EC [61–63]. Thus, the positive 
and negative crosstalks between VEGF-Notch in the apical 
and basal endothelial cells regulate the expression of MMPs 
to preserve their functional integrity and promote sprouting 
angiogenesis (fig. 3). 

Notch-HEY-MMP axis: epithelial to mesenchymal 
transition
Epithelial mesenchymal transition is the most aggressive trait 
in cancers. Epithelial cells acquire mesenchymal phenotype by 
undergoing remarkable changes. In the transition process, it lo-
ses various epithelial markers and gains mesenchymal markers. 
The loss of epithelial markers such as E-cadherin, γ-catenin, 
actin cytoskeleton organisation and the gain of vimentin, fibro-
nectin, fibrillar collagen, N-cadherin, and the increased activity 
of MMPs (MMP2, MMP2, MMP9). The EMT is a complex process 
triggered by signalling molecules, proteases, and growth fac-
tors (fibroblast growth factor [FGF], platelet-derived growth 
factor [PDGF], transforming growth factor-β [TGF-β]) that 
trigger the downstream signalling such as TGF-β, Hedgehog, 
NF-κB and Notch signalling which involves crosstalks that lead 
to dynamic changes in the phenotype of the epithelial cell [64] 

Figure 2. Schematic illustration of Notch signalling pathway to regulate MMP gene expression. This model summarises, through a literature survey, that 
Notch activation promotes malignant features such as proliferation and invasion in cancer via cross-talking the NF-κB signal pathway

Figure 3. Schematic model of VEGF-Notch and MMP axis in vascular 
endothelial cell (EC) differentiation. In endothelial tip cells, Low-notch 
signalling via Notch1-DLL4 induces high levels of VEGFR2 and MMPs 
to promote migration towards the angiogenic centre. In endothelial 
basal cells, high levels of Notch signalling via Notch1-DLL4 suppresses 
differentiation toward an apical cell phenotype by inducing low expression 
of VEGFR2 and MMPs 
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Figure 4. Notch-mediated epithelial-mesenchymal transition (EMT) cross-talk during carcinogenesis: A. The above diagram summarises the probable cross-
talks between three ways that could drive EMT during carcinogenesis; viz., the canonical Notch signalling, the MMP-Notch-HEY/HES axis and the Growth 
Factor stimulation that induces notch signalling and translocation of NICD to the nucleus, where it forms a transcriptional activation complex with CSL and 
coactivators (CoA), thereby inducing the transcription of target genes HES/HEY. HES/HEY expression causes loss of epithelial markers and gain of mesenchymal 
markers in the epithelial cells leading to EMT. B. The EMT process primarily involves progressive loss of epithelial markers and gain of mesenchymal markers. 
Once the cells acquire a mesenchymal phenotype, they first intravasate and later extravasate from the blood vessel to establish a distant metastasis

(fig. 4). Reports verify that down-regulating Notch signalling 
inhibits EMT by downregulating MMPs [65, 66]. The Notch 
target gene, HEY1, controls the expression of MMPs in sa-
livary adenoid cystic carcinoma, on knockdown of HEY1 it 
suppressed the expression of MMP1, MMP2, MMP3, MMP9, 
MMP11, and MMP13 which may be involved in driving EMT 
[30, 67]. Similarly, numerous reports mention MMPs (MMP7, 
MMP9) having a role in triggering Notch signalling that leads 
to the induction of the EMT trait [36, 68] (fig. 4). 

Conclusions and future perspective
MMP-mediated non-canonical Notch signalling and the in-
volvement of Notch in the regulation of MMPs is associated 
with aggressive outcome in cancer (tab. I). Though, the MMP 
expression is majorly driven by NF-κB, MAPK, AKT signalling 
pathways and TIMPs are regulators of MMPs, it cannot be 
disregarded that under high Notch signalling, the NICD plays 
a primary role in retaining NF-κB subunits in the nucleus, 

A
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which leads to uncontrolled expression of target MMPs. Notch 
inhibition alone may not be enough; the negative outcomes 
of Notch inhibition have been reported in clinical studies 
which cannot be disregarded, firstly, Notch is a conserved 
pathway required for normal cell development and home-
ostasis of tissues by maintaining proliferation and apoptosis 
balance; due to, low notch activity under Notch inhibitors, 
the cells may acquire sprouting phenotype leading to an-
giogenesis. Moreover, several Notch inhibitors under clinical 
trials have exhibited adverse effects including gastrointestinal 
issues, infections, skin cancer-related problems, and tumour 
recurrence [69, 70]. 

The Notch-MMP axes play important roles in tumour pro-
cesses like proliferation, migration, EMT, metastasis, and an-
giogenesis. It has come to our notice that these interactions 
are lethal impart aggressiveness and have added poorer pro-
gnoses to various cancers including those of the brain, bre-
ast, and pancreas. Understanding and targeting Notch-MMP 
interactions may be required to tailor target-specific drugs 
and combinational therapeutic approaches.
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Table I. Summary of Notch and matrix metalloproteinase interactions in human and mouse cancer models and associated functional phenotypes of those 
interactions

Matrix 
metalloproteinase

Axis Phenotype Type of cancer Study model Reference

MMP2, MMP9 Notch- PI3K/AKT/mTOR-
MMP

invasion bladder cancer UMUC3 cell line [71]

MMP2, MMP9 Notch-EMMPRIN-NF-κB/
MMP

migration, invasion human breast 
adenocarcinoma

MDA-MB-231 cell line [72]

MMP2, MMP9 Notch-PI3/AKT-NF-κB-MMP invasion, metastasis, 
angiogenesis

human breast 
adenocarcinoma

MDA-MB-231 cell line [51, 53]

MMP9 Notch-NF-κB/uPA-MMP invasion, metastasis non-small-cell 
lung cancer

A549 and H1299 cell lines [52]

MMP9 Notch-NF-κB/MMP invasion pancreatic cancer BxPC-3 cell line [64]

MMP9 Notch-NF-κB/MMP cell growth, 
migration, invasion 

and induction of 
apoptosis

prostate cancer PC-3, DU145, LNCaP, and C4-
2B cell lines

[65]

MT1-MMP (MMP14) MMP-Notch cell growth and 
proliferation

melanoma 
cancer

WM115 and WM266-4 
primary and metastatic cell 

lines

[41]

MT1-MMP Notch-MMP invasion, EMT Kaposi sarcoma lymphatic endothelial cell 
line

[68]

MMP9 Notch-NF-κB/MMP invasion, 
angiogenesis

breast cancer MDA-MB-231, MCF-7, SKBR-3 
and T47D cell lines

[57]

MMP9 Notch-AKT-MMP migration, 
metastasis, EMT

gastric cancer SGC7901 and AGS cell lines; 
BALB/c mice

[66]

MMP7 Hey1-Notch1 self renewal, EMT, 
metastasis

salivary adenoid 
cystic carcinoma

SACC-LM cell line [67]

MMP7 MMP-Notch1 EMT pancreatic ductal 
adenocarcinoma

human primary acinar cell 
line and C57BL/6J mice

[36]

MMP – matrix metalloproteinase; EMT – epithelial-mesenchymal transition



442

Conflict of interest 
None declared

Rajeswari Narayanappa
Dayananda Sagar College of Engineering
Department of Biotechnology
Shavige Malleshvara Hills
Kumaraswamy Layout
Bangalore 560111, India
e-mail: rajeswari-bt@dayanandasagar.edu 

Received: 24 Apr 2023
Accepted: 26 Sep 2023

References
1.	 Lobry C, Oh P, Aifantis I. Oncogenic and tumor suppressor functions 

of Notch in cancer: it’s NOTCH what you think. J Exp Med. 2011; 208(10): 
1931–1935, doi: 10.1084/jem.20111855, indexed in Pubmed: 21948802.

2.	 Borggrefe T, Oswald F. The Notch signaling pathway: transcriptional 
regulation at Notch target genes. Cell Mol Life Sci. 2009; 66(10): 1631–
1646, doi: 10.1007/s00018-009-8668-7, indexed in Pubmed: 19165418.

3.	 Stylianou S, Clarke RB, Brennan K. Aberrant activation of notch si-
gnaling in human breast cancer. Cancer Res. 2006; 66(3): 1517–1525, 
doi: 10.1158/0008-5472.CAN-05-3054, indexed in Pubmed: 16452208.

4.	 Yu JB, Jiang H, Zhan RY. Aberrant Notch signaling in glioblastoma 
stem cells contributes to tumor recurrence and invasion. Mol Med 
Rep. 2016; 14(2): 1263–1268, doi:  10.3892/mmr.2016.5391, indexed 
in Pubmed: 27315154.

5.	 Li Li, Tang P, Li S, et al. Notch signaling pathway networks in cancer 
metastasis: a new target for cancer therapy. Med Oncol. 2017; 34(10): 
180, doi: 10.1007/s12032-017-1039-6, indexed in Pubmed: 28918490.

6.	 Sawey ET, Crawford HC. Metalloproteinases and cell fate: Notch 
just ADAMs anymore. Cell Cycle. 2008; 7(5): 566–569, doi: 10.4161/
cc.7.5.5531, indexed in Pubmed: 18239463.

7.	 Nagase H, Woessner J. Matrix Metalloproteinases. Journal of Biolo-
gical Chemistry. 1999; 274(31): 21491–21494, doi: 10.1074/jbc.274. 
31.21491.

8.	 Quintero-Fabián S, Arreola R, Becerril-Villanueva E, et al. Role of Matrix 
Metalloproteinases in Angiogenesis and Cancer. Front Oncol. 2019; 9: 
1370, doi: 10.3389/fonc.2019.01370, indexed in Pubmed: 31921634.

9.	 Gaffney J, Solomonov I, Zehorai E, et al. Multilevel regulation of matrix 
metalloproteinases in tissue homeostasis indicates their molecular 
specificity in vivo. Matrix Biol. 2015; 44-46: 191–199, doi: 10.1016/j.
matbio.2015.01.012, indexed in Pubmed: 25622911.

10.	 Obermajer N, Jevnikar Z, Doljak B, et al. Role of cysteine cathepsins 
in matrix degradation and cell signalling. Connect Tissue Res. 2008; 
49(3): 193–196, doi:  10.1080/03008200802143158, indexed in Pub-
med: 18661341.

11.	 Löffek S, Schilling O, Franzke CW. Series “matrix metalloproteinases 
in lung health and disease”: Biological role of matrix metallo-
proteinases: a critical balance. Eur Respir J. 2011; 38(1): 191–208, 
doi: 10.1183/09031936.00146510, indexed in Pubmed: 21177845.

12.	 Blicharz-Dorniak J, Kos-Kudła B, Foltyn W, et al. Is determination of ma-
trix metalloproteinases and their tissue inhibitors serum concentrations 
useful in patients with gastroenteropancreatic and bronchopulmonary 
neuroendocrine neoplasms? Endokrynol Pol. 2012; 63(6): 470–476, 
indexed in Pubmed: 23339005.

13.	 Alaseem A, Alhazzani K, Dondapati P, et al. Matrix Metalloproteinases: 
A challenging paradigm of cancer management. Semin Cancer Biol. 
2019; 56: 100–115, doi:  10.1016/j.semcancer.2017.11.008, indexed 
in Pubmed: 29155240.

14.	 Webb AH, Gao BT, Goldsmith ZK, et al. Inhibition of MMP-2 and MMP-
9 decreases cellular migration, and angiogenesis in in vitro models 
of retinoblastoma. BMC Cancer. 2017; 17(1): 434, doi: 10.1186/s12885-
017-3418-y, indexed in Pubmed: 28633655.

15.	 Itoh Y. MT1-MMP: a key regulator of cell migration in tissue. IUBMB Life. 
2006; 58(10): 589–596, doi:  10.1080/15216540600962818, indexed 
in Pubmed: 17050376.

16.	 Zheng G, Lyons JG, Tan TK, et al. Disruption of E-cadherin by matrix 
metalloproteinase directly mediates epithelial-mesenchymal transition 
downstream of transforming growth factor-beta1 in renal tubular 

epithelial cells. Am J Pathol. 2009; 175(2): 580–591, doi:  10.2353/
ajpath.2009.080983, indexed in Pubmed: 19590041.

17.	 Jackson C. Matrix metalloproteinases and angiogenesis. Curr Opin 
Nephrol Hypertens. 2002; 11(3): 295–299, doi:  10.1097/00041552-
200205000-00005, indexed in Pubmed: 11981259.

18.	 Fisher JF, Mobashery S. Recent advances in MMP inhibitor design. 
Cancer Metastasis Rev. 2006; 25(1): 115–136, doi: 10.1007/s10555-006-
7894-9, indexed in Pubmed: 16680577.

19.	 Lenci E, Cosottini L, Trabocchi A. Novel matrix metalloproteinase inhi-
bitors: an updated patent review (2014 - 2020). Expert Opin Ther Pat. 
2021; 31(6): 509–523, doi: 10.1080/13543776.2021.1881481, indexed 
in Pubmed: 33487088.

20.	 Wróbel-Roztropiński A, Zielińska-Kaźmierska B, Roztropiński H, et al. 
Expression of matrix metalloproteinases (MMPs) and their inhibitor 
(TIMP) genes on mRNA and protein levels in oral squamous cell carci-
noma. Nowotwory. Journal of Oncology. 2021; 71(1): 1–8, doi: 10.5603/
njo.2021.0003.

21.	 D’Souza B, Meloty-Kapella L, Weinmaster G. Canonical and non-cano-
nical Notch ligands. Curr Top Dev Biol. 2010; 92: 73–129, doi: 10.1016/
S0070-2153(10)92003-6, indexed in Pubmed: 20816393.

22.	 LANNING D, NICHOLAS T. Constant-life diagram modified for notch 
plasticity. International Journal of Fatigue. 2007; 29(12): 2163–2169, 
doi: 10.1016/j.ijfatigue.2006.12.014.

23.	 Gordon WR, Vardar-Ulu D, L’Heureux S, et al. Effects of S1 cleavage 
on the structure, surface export, and signaling activity of human 
Notch1 and Notch2. PLoS One. 2009; 4(8): e6613, doi: 10.1371/journal.
pone.0006613, indexed in Pubmed: 19701457.

24.	 Bozkulak EC. Characterization of roles for the disintegrin and metal-
loproteases, kuzbanian and tumour necrosis factor-alpha converting 
enzymes, in mammalian Notch signalling. University of California, Los 
Angeles 2009.

25.	 Lieber T, Kidd S, Young MW. kuzbanian-mediated cleavage of Drosophila 
Notch. Genes Dev. 2002; 16(2): 209–221, doi:  10.1101/gad.942302, 
indexed in Pubmed: 11799064.

26.	 De Strooper B, Annaert W, Cupers P, et al. A presenilin-1-dependent 
gamma-secretase-like protease mediates release of Notch intracellular 
domain. Nature. 1999; 398(6727): 518–522, doi: 10.1038/19083, indexed 
in Pubmed: 10206645.

27.	 Nam Y, Weng AP, Aster JC, et al. Structural requirements for assembly 
of the CSL.intracellular Notch1.Mastermind-like 1 transcriptional acti-
vation complex. J Biol Chem. 2003; 278(23): 21232–21239, doi: 10.1074/
jbc.M301567200, indexed in Pubmed: 12644465.

28.	 Wilson JJ, Kovall RA. Crystal structure of the CSL-Notch-Mastermind ter-
nary complex bound to DNA. Cell. 2006; 124(5): 985–996, doi: 10.1016/j.
cell.2006.01.035, indexed in Pubmed: 16530045.

29.	 Wang W, Struhl G, Wang W, et al. Drosophila Epsin mediates a select 
endocytic pathway that DSL ligands must enter to activate Notch. 
Development. 2004; 131(21): 5367–5380, doi:  10.1242/dev.01413, 
indexed in Pubmed: 15469974.

30.	 Fischer A, Steidl C, Wagner TU, et al. Combined loss of Hey1 and HeyL 
causes congenital heart defects because of impaired epithelial to me-
senchymal transition. Circ Res. 2007; 100(6): 856–863, doi: 10.1161/01.
RES.0000260913.95642.3b, indexed in Pubmed: 17303760.

31.	 Christian J. A tale of two receptors: Bmp heterodimers recruit two 
type I receptors but use the kinase activity of only one. Proc Natl 
Acad Sci U S A. 2021; 118(19), doi: 10.1073/pnas.2104745118, indexed 
in Pubmed: 33893177.

32.	 Garg P, Jeppsson S, Yang V, et al. MMP-9 mediates colitis associated 
cancer in mice through Notch-1 via p53 activation. Inflammatory 
Bowel Diseases. 2011; 17: S9, doi: 10.1097/00054725-201112002-00023.

33.	 Rodríguez P, Higueras MA, González-Rajal A, et al. The non-canonical 
NOTCH ligand DLK1 exhibits a novel vascular role as a strong inhibitor 
of angiogenesis. Cardiovasc Res. 2012; 93(2): 232–241, doi: 10.1093/
cvr/cvr296, indexed in Pubmed: 22068159.

34.	 Fischer A, Braga VMM. Vascular Permeability: Flow-Mediated, Non-
-canonical Notch Signalling Promotes Barrier Integrity. Curr Biol. 
2018; 28(3): R119–R121, doi:  10.1016/j.cub.2017.11.065, indexed 
in Pubmed: 29408259.

35.	 Li Y, He ZC, Zhang XN, et al. Stanniocalcin-1 augments stem-like traits 
of glioblastoma cells through binding and activating NOTCH1. Cancer 
Lett. 2018; 416: 66–74, doi:  10.1016/j.canlet.2017.11.033, indexed 
in Pubmed: 29196129.

36.	 Sawey ET, Johnson JA, Crawford HC. Matrix metalloproteinase 7 controls 
pancreatic acinar cell transdifferentiation by activating the Notch si-
gnaling pathway. Proc Natl Acad Sci U S A. 2007; 104(49): 19327–19332, 
doi: 10.1073/pnas.0705953104, indexed in Pubmed: 18042722.

http://dx.doi.org/10.1084/jem.20111855
https://www.ncbi.nlm.nih.gov/pubmed/21948802
http://dx.doi.org/10.1007/s00018-009-8668-7
https://www.ncbi.nlm.nih.gov/pubmed/19165418
http://dx.doi.org/10.1158/0008-5472.CAN-05-3054
https://www.ncbi.nlm.nih.gov/pubmed/16452208
http://dx.doi.org/10.3892/mmr.2016.5391
https://www.ncbi.nlm.nih.gov/pubmed/27315154
http://dx.doi.org/10.1007/s12032-017-1039-6
https://www.ncbi.nlm.nih.gov/pubmed/28918490
http://dx.doi.org/10.4161/cc.7.5.5531
http://dx.doi.org/10.4161/cc.7.5.5531
https://www.ncbi.nlm.nih.gov/pubmed/18239463
http://dx.doi.org/10.1074/jbc.274.31.21491
http://dx.doi.org/10.1074/jbc.274.31.21491
http://dx.doi.org/10.3389/fonc.2019.01370
https://www.ncbi.nlm.nih.gov/pubmed/31921634
http://dx.doi.org/10.1016/j.matbio.2015.01.012
http://dx.doi.org/10.1016/j.matbio.2015.01.012
https://www.ncbi.nlm.nih.gov/pubmed/25622911
http://dx.doi.org/10.1080/03008200802143158
https://www.ncbi.nlm.nih.gov/pubmed/18661341
http://dx.doi.org/10.1183/09031936.00146510
https://www.ncbi.nlm.nih.gov/pubmed/21177845
https://www.ncbi.nlm.nih.gov/pubmed/23339005
http://dx.doi.org/10.1016/j.semcancer.2017.11.008
https://www.ncbi.nlm.nih.gov/pubmed/29155240
http://dx.doi.org/10.1186/s12885-017-3418-y
http://dx.doi.org/10.1186/s12885-017-3418-y
https://www.ncbi.nlm.nih.gov/pubmed/28633655
http://dx.doi.org/10.1080/15216540600962818
https://www.ncbi.nlm.nih.gov/pubmed/17050376
http://dx.doi.org/10.2353/ajpath.2009.080983
http://dx.doi.org/10.2353/ajpath.2009.080983
https://www.ncbi.nlm.nih.gov/pubmed/19590041
http://dx.doi.org/10.1097/00041552-200205000-00005
http://dx.doi.org/10.1097/00041552-200205000-00005
https://www.ncbi.nlm.nih.gov/pubmed/11981259
http://dx.doi.org/10.1007/s10555-006-7894-9
http://dx.doi.org/10.1007/s10555-006-7894-9
https://www.ncbi.nlm.nih.gov/pubmed/16680577
http://dx.doi.org/10.1080/13543776.2021.1881481
https://www.ncbi.nlm.nih.gov/pubmed/33487088
http://dx.doi.org/10.5603/njo.2021.0003
http://dx.doi.org/10.5603/njo.2021.0003
http://dx.doi.org/10.1016/S0070-2153(10)92003-6
http://dx.doi.org/10.1016/S0070-2153(10)92003-6
https://www.ncbi.nlm.nih.gov/pubmed/20816393
http://dx.doi.org/10.1016/j.ijfatigue.2006.12.014
http://dx.doi.org/10.1371/journal.pone.0006613
http://dx.doi.org/10.1371/journal.pone.0006613
https://www.ncbi.nlm.nih.gov/pubmed/19701457
http://dx.doi.org/10.1101/gad.942302
https://www.ncbi.nlm.nih.gov/pubmed/11799064
http://dx.doi.org/10.1038/19083
https://www.ncbi.nlm.nih.gov/pubmed/10206645
http://dx.doi.org/10.1074/jbc.M301567200
http://dx.doi.org/10.1074/jbc.M301567200
https://www.ncbi.nlm.nih.gov/pubmed/12644465
http://dx.doi.org/10.1016/j.cell.2006.01.035
http://dx.doi.org/10.1016/j.cell.2006.01.035
https://www.ncbi.nlm.nih.gov/pubmed/16530045
http://dx.doi.org/10.1242/dev.01413
https://www.ncbi.nlm.nih.gov/pubmed/15469974
http://dx.doi.org/10.1161/01.RES.0000260913.95642.3b
http://dx.doi.org/10.1161/01.RES.0000260913.95642.3b
https://www.ncbi.nlm.nih.gov/pubmed/17303760
http://dx.doi.org/10.1073/pnas.2104745118
https://www.ncbi.nlm.nih.gov/pubmed/33893177
http://dx.doi.org/10.1097/00054725-201112002-00023
http://dx.doi.org/10.1093/cvr/cvr296
http://dx.doi.org/10.1093/cvr/cvr296
https://www.ncbi.nlm.nih.gov/pubmed/22068159
http://dx.doi.org/10.1016/j.cub.2017.11.065
https://www.ncbi.nlm.nih.gov/pubmed/29408259
http://dx.doi.org/10.1016/j.canlet.2017.11.033
https://www.ncbi.nlm.nih.gov/pubmed/29196129
http://dx.doi.org/10.1073/pnas.0705953104
https://www.ncbi.nlm.nih.gov/pubmed/18042722


443

37.	 Polistena A, Cucina A, Dinicola S, et al. MMP7 expression in colorectal 
tumours of different stages. In Vivo. 2014; 28(1): 105–110, indexed 
in Pubmed: 24425843.

38.	 Klupp F, Neumann L, Kahlert C, et al. Serum MMP7, MMP10 and MMP12 
level as negative prognostic markers in colon cancer patients. BMC 
Cancer. 2016; 16: 494, doi:  10.1186/s12885-016-2515-7, indexed 
in Pubmed: 27431388.

39.	 Chen Li, Ke X. MMP7 as a potential biomarker of colon cancer and its 
prognostic value by bioinformatics analysis. Medicine (Baltimore). 
2021; 100(9): e24953, doi:  10.1097/MD.0000000000024953, indexed 
in Pubmed: 33655961.

40.	 Guan PP, Yu X, Guo JJ, et al. By activating matrix metalloproteinase-7, 
shear stress promotes chondrosarcoma cell motility, invasion and lung 
colonization. Oncotarget. 2015; 6(11): 9140–9159, doi: 10.18632/onco-
target.3274, indexed in Pubmed: 25823818.

41.	 Ma J, Tang X, Wong P, et al. Noncanonical activation of Notch1 protein 
by membrane type 1 matrix metalloproteinase (MT1-MMP) controls 
melanoma cell proliferation. J Biol Chem. 2014; 289(12): 8442–8449, 
doi: 10.1074/jbc.M113.516039, indexed in Pubmed: 24492617.

42.	 Jin G, Zhang F, Chan KM, et al. MT1-MMP cleaves Dll1 to negatively 
regulate Notch signalling to maintain normal B-cell development. 
EMBO J. 2011; 30(11): 2281–2293, doi: 10.1038/emboj.2011.136, inde-
xed in Pubmed: 21572390.

43.	 Fanjul-Fernández M, Folgueras AR, Cabrera S, et al. Matrix metallopro-
teinases: evolution, gene regulation and functional analysis in mouse 
models. Biochim Biophys Acta. 2010; 1803(1): 3–19, doi:  10.1016/j.
bbamcr.2009.07.004, indexed in Pubmed: 19631700.

44.	 Reuben PM, Cheung HS. Regulation of matrix metalloproteinase (MMP) 
gene expression by protein kinases. Front Biosci. 2006; 11: 1199–1215, 
doi: 10.2741/1873, indexed in Pubmed: 16368506.

45.	 White LA, Brinckerhoff CE. Two activator protein-1 elements in the ma-
trix metalloproteinase-1 promoter have different effects on transcrip-
tion and bind Jun D, c-Fos, and Fra-2. Matrix Biol. 1995; 14(9): 715–725, 
doi: 10.1016/s0945-053x(05)80014-9, indexed in Pubmed: 8785586.

46.	 Sahlgren C, Gustafsson M, Jin S, et al. Notch signaling mediates hypoxia-in-
duced tumor cell migration and invasion. Proceedings of the National Acad-
emy of Sciences. 2008; 105(17): 6392–6397, doi: 10.1073/pnas.0802047105.

47.	 O JPD, Murtaugh L. Notch Signaling: Where Pancreatic Cancer 
and Differentiation Meet? Gastroenterology. 2009; 136(5): 1499–1502, 
doi: 10.1053/j.gastro.2009.03.022.

48.	 Fukusumi T, Guo TW, Sakai A, et al. The - Pathway Induces Epithelial-Mes-
enchymal Transition in Head and Neck Squamous Cell Carcinoma. Clin 
Cancer Res. 2018; 24(3): 619–633, doi: 10.1158/1078-0432.CCR-17-1366, 
indexed in Pubmed: 29146722.

49.	 Wang Z, Li Y, Banerjee S, et al. Down-regulation of Notch-1 and Jag-
ged-1 inhibits prostate cancer cell growth, migration and invasion, 
and induces apoptosis via inactivation of Akt, mTOR, and NF-kappaB 
signaling pathways. J Cell Biochem. 2010; 109(4): 726–736, doi: 10.1002/
jcb.22451, indexed in Pubmed: 20052673.

50.	 Venkatesan B, Valente AJ, Prabhu SD, et al. EMMPRIN activates multiple 
transcription factors in cardiomyocytes, and induces interleukin-18 ex-
pression via Rac1-dependent PI3K/Akt/IKK/NF-kappaB andMKK7/JNK/
AP-1 signaling. J Mol Cell Cardiol. 2010; 49(4): 655–663, doi: 10.1016/j.
yjmcc.2010.05.007, indexed in Pubmed: 20538003.

51.	 Li Li, Zhao F, Lu J, et al. Notch-1 signaling promotes the malignant 
features of human breast cancer through NF-κB activation. PLoS 
One. 2014; 9(4): e95912, doi: 10.1371/journal.pone.0095912, indexed 
in Pubmed: 24760075.

52.	 Rajasinghe LD, Pindiprolu RH, Gupta SV. Delta-tocotrienol inhibits 
non-small-cell lung cancer cell invasion via the inhibition of NF-κB, 
uPA activator, and MMP-9. Onco Targets Ther. 2018; 11: 4301–4314, 
doi: 10.2147/OTT.S160163, indexed in Pubmed: 30100736.

53.	 Li Li, Zhang J, Xiong N, et al. Notch-1 signaling activates NF-κB in human 
breast carcinoma MDA-MB-231 cells via PP2A-dependent AKT pathway. 
Med Oncol. 2016; 33(4): 33, doi: 10.1007/s12032-016-0747-7, indexed 
in Pubmed: 26945854.

54.	 Jang MS, Miao H, Carlesso N, et al. Notch-1 regulates cell death inde-
pendently of differentiation in murine erythroleukemia cells through 
multiple apoptosis and cell cycle pathways. J Cell Physiol. 2004; 199(3): 
418–433, doi: 10.1002/jcp.10467, indexed in Pubmed: 15095289.

55.	 Shin HMu, Minter LM, Cho OkH, et al. Notch1 augments NF-kappaB ac-
tivity by facilitating its nuclear retention. EMBO J. 2006; 25(1): 129–138, 
doi: 10.1038/sj.emboj.7600902, indexed in Pubmed: 16319921.

56.	 López-López S, Monsalve EM, Romero de Ávila MJ, et al. NOTCH3 sig-
naling is essential for NF-κB activation in TLR-activated macrophages. 
Sci Rep. 2020; 10(1): 14839, doi: 10.1038/s41598-020-71810-4, indexed 
in Pubmed: 32908186.

57.	 Liu Y, Su C, Shan Y, et al. Targeting Notch1 inhibits invasion and an-
giogenesis of human breast cancer cells via inhibition Nuclear Fac-
tor-κB signaling. Am J Transl Res. 2016; 8(6): 2681–2692, indexed 
in Pubmed: 27398151.

58.	 Lee YH, Seo EK, Lee ST. Skullcapflavone II Inhibits Degradation of Type 
I Collagen by Suppressing MMP-1 Transcription in Human Skin Fibro-
blasts. Int J Mol Sci. 2019; 20(11), doi: 10.3390/ijms20112734, indexed 
in Pubmed: 31167359.

59.	 Aggarwal BB, Van Kuiken ME, Iyer LH, et al. Molecular targets of nutra-
ceuticals derived from dietary spices: potential role in suppression of in-
flammation and tumorigenesis. Exp Biol Med (Maywood). 2009; 234(8): 
825–849, doi: 10.3181/0902-MR-78, indexed in Pubmed: 19491364.

60.	 Huang WC, Chan ST, Yang TL, et al. Inhibition of ICAM-1 gene expression, 
monocyte adhesion and cancer cell invasion by targeting IKK complex: 
molecular and functional study of novel alpha-methylene-gamma-bu-
tyrolactone derivatives. Carcinogenesis. 2004; 25(10): 1925–1934, 
doi: 10.1093/carcin/bgh211, indexed in Pubmed: 15217903.

61.	 Hellström M, Phng LK, Gerhardt H. VEGF and Notch Signaling. Cell 
Adhesion & Migration. 2014; 1(3): 133–136, doi: 10.4161/cam.1.3.4978.

62.	 Funahashi Y, Hernandez SL, Das I, et al. A notch1 ectodomain construct 
inhibits endothelial notch signaling, tumor growth, and angiogenesis. 
Cancer Res. 2008; 68(12): 4727–4735, doi: 10.1158/0008-5472.CAN-07-
6499, indexed in Pubmed: 18559519.

63.	 Teodorczyk M, Stanković ND, Bicker F, et al. VEGF and Notch Signaling 
in Angiogenesis. Endothelial Signaling in Development and Disease. 
2015: 3–46, doi: 10.1007/978-1-4939-2907-8_1.

64.	 Wang Z, Li Y, Kong D, et al. The role of Notch signaling pathway in epi-
thelial-mesenchymal transition (EMT) during development and tumor 
aggressiveness. Curr Drug Targets. 2010; 11(6): 745–751, doi: 10.2174/
138945010791170860, indexed in Pubmed: 20041844.

65.	 Chen Y, Zheng S, Qi D, et al. Inhibition of Notch signaling by 
a γ-secretase inhibitor attenuates hepatic fibrosis in rats. PLoS One. 
2012; 7(10): e46512, doi:  10.1371/journal.pone.0046512, indexed 
in Pubmed: 23056328.

66.	 Peng X, Zhou J, Li B, et al. Notch1 and PI3K/Akt signaling blockers 
DAPT and LY294002 coordinately inhibit metastasis of gastric can-
cer through mutual enhancement. Cancer Chemother Pharmacol. 
2020; 85(2): 309–320, doi:  10.1007/s00280-019-03990-4, indexed 
in Pubmed: 31732769.

67.	 Xie J, Lin LS, Huang XY, et al. The NOTCH1-HEY1 pathway regulates 
self-renewal and epithelial-mesenchymal transition of salivary adenoid 
cystic carcinoma cells. Int J Biol Sci. 2020; 16(4): 598–610, doi: 10.7150/
ijbs.36407, indexed in Pubmed: 32025208.

68.	 Cheng F, Pekkonen P, Laurinavicius S, et al. KSHV-initiated notch activa-
tion leads to membrane-type-1 matrix metalloproteinase-dependent 
lymphatic endothelial-to-mesenchymal transition. Cell Host Microbe. 
2011; 10(6): 577–590, doi:  10.1016/j.chom.2011.10.011, indexed 
in Pubmed: 22177562.

69.	 López-Nieva P, González-Sánchez L, Cobos-Fernández MÁ, et al. More 
Insights on the Use of γ-Secretase Inhibitors in Cancer Treatment. 
Oncologist. 2021; 26(2): e298–e305, doi: 10.1002/onco.13595, indexed 
in Pubmed: 33191568.

70.	 Peereboom DM, Ye X, Mikkelsen T, et al. A Phase II and Pharmaco-
dynamic Trial of RO4929097 for Patients With Recurrent/Progressive 
Glioblastoma. Neurosurgery. 2021; 88(2): 246–251, doi: 10.1093/neuros/
nyaa412, indexed in Pubmed: 33027815.

71.	 Chen YT, Huang CR, Chang CL, et al. Jagged2 progressively increased 
expression from Stage I to III of Bladder Cancer and Melatonin-mediated 
downregulation of Notch/Jagged2 suppresses the Bladder Tumorigene-
sis inhibiting PI3K/AKT/mTOR/MMPs signaling. Int J Biol Sci. 2020; 16(14): 
2648–2662, doi: 10.7150/ijbs.48358, indexed in Pubmed: 32792862.

72.	 Wang J, Fu Li, Gu F, et al. Notch1 is involved in migration and invasion 
of human breast cancer cells. Oncol Rep. 2011; 26(5): 1295–1303, 
doi: 10.3892/or.2011.1399, indexed in Pubmed: 21785827.

73.	 Wang Z, Banerjee S, Li Y, et al. Down-regulation of notch-1 inhibits 
invasion by inactivation of nuclear factor-kappaB, vascular endothelial 
growth factor, and matrix metalloproteinase-9 in pancreatic cancer 
cells. Cancer Res. 2006; 66(5): 2778–2784, doi:  10.1158/0008-5472.
CAN-05-4281, indexed in Pubmed: 16510599.

https://www.ncbi.nlm.nih.gov/pubmed/24425843
http://dx.doi.org/10.1186/s12885-016-2515-7
https://www.ncbi.nlm.nih.gov/pubmed/27431388
http://dx.doi.org/10.1097/MD.0000000000024953
https://www.ncbi.nlm.nih.gov/pubmed/33655961
http://dx.doi.org/10.18632/oncotarget.3274
http://dx.doi.org/10.18632/oncotarget.3274
https://www.ncbi.nlm.nih.gov/pubmed/25823818
http://dx.doi.org/10.1074/jbc.M113.516039
https://www.ncbi.nlm.nih.gov/pubmed/24492617
http://dx.doi.org/10.1038/emboj.2011.136
https://www.ncbi.nlm.nih.gov/pubmed/21572390
http://dx.doi.org/10.1016/j.bbamcr.2009.07.004
http://dx.doi.org/10.1016/j.bbamcr.2009.07.004
https://www.ncbi.nlm.nih.gov/pubmed/19631700
http://dx.doi.org/10.2741/1873
https://www.ncbi.nlm.nih.gov/pubmed/16368506
http://dx.doi.org/10.1016/s0945-053x(05)80014-9
https://www.ncbi.nlm.nih.gov/pubmed/8785586
http://dx.doi.org/10.1073/pnas.0802047105
http://dx.doi.org/10.1053/j.gastro.2009.03.022
http://dx.doi.org/10.1158/1078-0432.CCR-17-1366
https://www.ncbi.nlm.nih.gov/pubmed/29146722
http://dx.doi.org/10.1002/jcb.22451
http://dx.doi.org/10.1002/jcb.22451
https://www.ncbi.nlm.nih.gov/pubmed/20052673
http://dx.doi.org/10.1016/j.yjmcc.2010.05.007
http://dx.doi.org/10.1016/j.yjmcc.2010.05.007
https://www.ncbi.nlm.nih.gov/pubmed/20538003
http://dx.doi.org/10.1371/journal.pone.0095912
https://www.ncbi.nlm.nih.gov/pubmed/24760075
http://dx.doi.org/10.2147/OTT.S160163
https://www.ncbi.nlm.nih.gov/pubmed/30100736
http://dx.doi.org/10.1007/s12032-016-0747-7
https://www.ncbi.nlm.nih.gov/pubmed/26945854
http://dx.doi.org/10.1002/jcp.10467
https://www.ncbi.nlm.nih.gov/pubmed/15095289
http://dx.doi.org/10.1038/sj.emboj.7600902
https://www.ncbi.nlm.nih.gov/pubmed/16319921
http://dx.doi.org/10.1038/s41598-020-71810-4
https://www.ncbi.nlm.nih.gov/pubmed/32908186
https://www.ncbi.nlm.nih.gov/pubmed/27398151
http://dx.doi.org/10.3390/ijms20112734
https://www.ncbi.nlm.nih.gov/pubmed/31167359
http://dx.doi.org/10.3181/0902-MR-78
https://www.ncbi.nlm.nih.gov/pubmed/19491364
http://dx.doi.org/10.1093/carcin/bgh211
https://www.ncbi.nlm.nih.gov/pubmed/15217903
http://dx.doi.org/10.4161/cam.1.3.4978
http://dx.doi.org/10.1158/0008-5472.CAN-07-6499
http://dx.doi.org/10.1158/0008-5472.CAN-07-6499
https://www.ncbi.nlm.nih.gov/pubmed/18559519
http://dx.doi.org/10.1007/978-1-4939-2907-8_1
http://dx.doi.org/10.2174/138945010791170860
http://dx.doi.org/10.2174/138945010791170860
https://www.ncbi.nlm.nih.gov/pubmed/20041844
http://dx.doi.org/10.1371/journal.pone.0046512
https://www.ncbi.nlm.nih.gov/pubmed/23056328
http://dx.doi.org/10.1007/s00280-019-03990-4
https://www.ncbi.nlm.nih.gov/pubmed/31732769
http://dx.doi.org/10.7150/ijbs.36407
http://dx.doi.org/10.7150/ijbs.36407
https://www.ncbi.nlm.nih.gov/pubmed/32025208
http://dx.doi.org/10.1016/j.chom.2011.10.011
https://www.ncbi.nlm.nih.gov/pubmed/22177562
http://dx.doi.org/10.1002/onco.13595
https://www.ncbi.nlm.nih.gov/pubmed/33191568
http://dx.doi.org/10.1093/neuros/nyaa412
http://dx.doi.org/10.1093/neuros/nyaa412
https://www.ncbi.nlm.nih.gov/pubmed/33027815
http://dx.doi.org/10.7150/ijbs.48358
https://www.ncbi.nlm.nih.gov/pubmed/32792862
http://dx.doi.org/10.3892/or.2011.1399
https://www.ncbi.nlm.nih.gov/pubmed/21785827
http://dx.doi.org/10.1158/0008-5472.CAN-05-4281
http://dx.doi.org/10.1158/0008-5472.CAN-05-4281
https://www.ncbi.nlm.nih.gov/pubmed/16510599

