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DIll4 inhibition regulates cancer stem cells frequency and suspends tumor growth. DIl4 overexpression has proven

to be implicated in cancer development by promoting tumor growth.

endometrial cancer notch signaling pathway DIl 4 prognostic role

| 1. DIl4 in Cancer Development

DIl4 inhibition regulates cancer stem cells frequency and suspends tumor growth. DIl4 overexpression has proven
to be implicated in cancer development by promoting tumor growth. Another study involving 383 patients suffering
from human gastric cancer (GC) were analyzed with their tissue samples immersed in immunohistochemical
discoloration the appearance of DIl4 to determine the distinguished and undistinguishable gastric tumor stem cells.
Fascinatingly, positive DIl4 appearance was meaningly related to improved lymph node metastasis and distal
metastasis danger as likened with patients presenting adverse DIl4 appearance. The connection between DIl4
appearance level and the cancer stem cell associated protein Nestin (an angiogenesis indicator of multiplying
endothelial cells in colorectal tumor vessels) was also analyzed. Positive appearance of DIl4 was proven to be
related to Nestin. The authors concluded that DIl4 is associated with gastric cancer progenitor cells, and its

expression influences features linked to the Notch-1 pathway involving tumor formation, growth and development
[

Hu et al., examined the clinical significance of DIl4 in ovarian carcinoma utilizing immunohistochemical peroxidase
discoloration in eighty-four patients. Eighty-three percent of cancers had severe histology and ninety one percent
had extreme level of histology. 88% of participants had progressive phase ailment and fifty nine percent related
ascites. DIl4 was administered endothelial and cancer sections of ovarian cancers and its appearance was not
linked to grade and extent of cytoreduction. The authors reported that DIl4 overexpression and suboptimal
cytoreduction were self-regulating forecasters of poor survival. Moreover, muzzling DIl4 reaction with DIl4 siRNA
repressed explosion of ovarian tumor cells by 2.1-fold associated with the regulation. Moreover, the authors
examined the impacts of intervention with restrained DII4 for 48 h on cell relocation. Immobilized DIll4 bigger the
relocation of (murine ovarian endothelial cells) MOECs by 2.7-fold compared to interfered cells (p < 0.05) although
it showed no impact on VEGF-initiated relocation. The major results of the current research show that DIl4

overexpression was significantly connected with reducing health outcome and survival. Moreover, it predicted the
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Dll4 reaction to anti-VEGF intervention. The suppression of DIl4 in cancer cells caused by reserve of ovarian tumor
development and control of angiogenesis, escorted by initiation of hypoxia in the tumor microenvironment,
revealing that DIl4 has a key role in ovarian cancer development and that focusing on DII4 could improve the
effectiveness of ovarian tumor intervention n . In addition to the previous study, Yen et al., reported the use of
anti-DII4 treatment for ovarian cancer by regulating cancer stem cell function and tumor angiogenesis. The authors
utilized anti-human DIll4 (OMP-21M18) and anti-murine DIlI4 to block Notch signaling and found that anti-Dll4

treatment was broadly efficacious in these ovarian cancer models, significantly inhibiting tumor growth &I,

Hoey et al. investigated the results of DIl4 inhibition in cancer stem cells by creating antibodies (anti-hDIl4 21M18)
selectively aiming at DIl4 in the cancer or in the host vasculature and stroma in xenograft models derived from
primary human tumors. Each antibody was proven to inhibit cancer development and that the grouping of two
antibodies was even more effective. Administration of anti-human DIl4 reserved the administration of Notch target
genes reducing proliferation of cancer cells, reduced cancer stem cell frequency, and deregulated angiogenesis by
aiming at DIl4 in the vasculature 4. The effect of monoclonal antibody (MEDI0639) that selectively binds to DIl4
was also examined in small-cell lung tumor. Tumor stem cells are responsible for the high metastatic profile and
rapid frequency of many cancer types. In half of the patients that MEDIO639 was administered, the tumor stem
cells frequency was suppressed while 25% of the patients demonstrated >50% reduction of the tumor &, In a more
recent study, tumor metastasis was also reported to be altered by deregulation of DIl4. Lewis Lung Carcinoma
(LLC) cells were used to study tumor metastasis in vivo, by endothelial-specific DIl4 loss-of-function. Cancer stem
cells were apparently reduced and hypoxia was increased in the tumor that led to an increase in tumoral blood
vessel density, but with neo-vessels poorly perfused, with increased leakage and reduced perivascular maturation.

Number and burden of macro-metastasis was significantly reduced and the tumor growth was suspended (8!,

Yen et al., studied the activity of targeting DLL4 in tumor cells with an anti-human DII4 antibody and in the host
stroma/vasculature with an anti-mouse DIll4 antibody. The combination of these antibodies was efficacious in a
broad spectrum of pancreatic tumor xenografts and showed additive antitumor activity together with gemcitabine.
Treatment with either human or mouse anti-DIl4 delayed pancreatic tumor recurrence following termination of
gemcitabine treatment, and the two together produced an additive effect, suggesting a novel therapeutic approach

for pancreatic cancer treatment through antagonism of DLL4/Notch signaling (.

Zohny et al. have reviewed the oncogenic function of Notch ligands and receptors in different breast cancer
subtypes. Notch 1 has an oncogenic function in estrogen receptors (ER) luminal cell lines, tumor negative breast
cancer (TNBC) and in invasive ductal carcinoma. Even though the role of Notch 2 remains ambiguous, similarly to
Notch 1, represents an oncogenic factor in HER2 and basal subtype invasive ductal carcinoma (IDC) breast
cancer, while it is a tumor-suppressor in ER+ luminal and TNBC cell lines. Moreover, Notch 3 is an oncogenic
factor for ER+ and HER2+ human patients, but a tumor suppressor for TNBC cell lines and ERBB2 basal tumor
cells. Furthermore, Notch 4 is an oncogenic factor for TNBC human breast cancer. Jagl,2 and DII1 all act as
oncogenic factors in Luminal and TBC cell lines, while DIl4 has a wide oncogenic function in different breast cancer

subtypes 8],
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2. Cancer Stem Cells and DIll4 Expression in Endometrial
Cancer

Adult stem cells are identified in various types of mature tissue including normal endometrium and endometrial
tumor. Menstrual blood-derived stem cells are called endometrial regenerative cells while gene mutations of these
stem cells proven to be able to create cancer stem cells. More specific, Kato et al., presented the function of stem
cells in endometrial tumor where stem cells identified in the cancerous tissues revealed specific characteristics
including reduced expression of differentiation markers, extended repopulating specifications, self-renewal abilities,
enhanced metastatic tendency and increased tumorigenicity revealing their key function in endometrial tumor
development . Fasoulakis et al. reported that DII4 is overexpressed in endometrial cancer cells and vasculature

and is also elevated in the plasma of a fraction of patients before surgery 29,

The Notch signaling pathway and especially the Delta gene have been found to exist in uterine endometrium.
Mazella et al. revealed that the human endometrial cells articulated DIl4 in a design known as spatiotemporal.
Immunohistochemistry educations demonstrated the cytoplasm and membrane discoloration with apical
localization in the luminal and glandular epithelium and modest diffuse discoloration in the cytoplasm present in the
stromal cells while Western spot examination displayed a common scope of the endometrial DIl4 to that in the
human umbilical endothelial cells. The placement of DIl4 mRNA in human endometrial cells was determined to be
administered in large variations in the glandular epithelium, raised in the proliferative and early productory
endometrium. However, the authors found that the DIl4 and mRNA was less in endometrial had no relation with the
menstrual cycle. The author failed to study the effect of hormones. In glandular cells, estradiol had little effect, and
medroxyprogesterone acetate decreased mRANs. Relaxin induced the DIl4 mRNA. In stromal cells, both estradiol

and medroxyprogesterone acetate decreased the DIl4 mRNA 111,

During the past decade, studies have proven that DIlI4 happens to encourage explosion and sustain the stem cells
through angiogenic, but also non-angiogenic associated devices. Badenes et al. studied the function of Notch
ligands and the impact of a DIl4 knockout in colorectal cancer, which led to positive cancer stem cell density
accompanied by improved tumor epithelium variation (111, Another study proved that DIl4 antibodies were able to
suppress tumor stem cells in a Small-cell lung cancer subpopulation promoting the importance of DIl4 antibodies in
cancer treatment . Other studies have also reported that DII4 blockage is correlated to inhibition of tumor growth
including ovarian, gastric and lung cancer [BI4I[121[13]{14]

MEDIO639 is an investigational human therapeutic antibody that targets DII4 to inhibit the interaction between DIl4
and Notchl. The antibody cross-reacts to cynomolgus monkey but not mouse species orthologues. In vitro
MEDIO639 inhibits the binding of Notchl to DIl4, interacting via a novel epitope that has not been previously
described. Binding to this epitope translates into MEDIO639 reversing Notchl-mediated suppression of human
umbilical vein endothelial cell growth in vitro. MEDIO639 administration resulted in stimulation of tubule formation in
a three-dimensional (3D) endothelial cell outgrowth assay, a phenotype driven by disruption of the DIl4-Notch
signaling axis. In contrast, in a two-dimensional endothelial cell-fibroblast coculture model, MEDIO639 is a potent

inhibitor of tubule formation. In vivo, MEDIO639 shows activity in a human endothelial cell angiogenesis assay
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promoting human vessel formation and reducing the number of vessels with smooth muscle actin-positive mural

cells coverage. Collectively, the data show that MEDIO639 is a potent modulator of DIl4-Notch signaling pathway
[15),

The Notch signaling pathway has been proven to be involved in a crosstalk with WNT signaling. Abnormal
activation of WNT signaling has been reported in the majority of type-1 endometrial cancer cases with [3-catenin
mutations in 20-25% of cases. Fatima et al. discussed the Wnt-activating mechanisms in endometrial cancer and
reviewed the current advances in anticancer therapy. Given the current lack of therapeutic solutions for advanced
and recurrent endometrial cancer, resent evidence support the role of Wnt signaling at early stages of endometrial
tumorigenesis, The authors supported that Wnt signaling represents a promising intervention for targeted therapies
in endometrial cancer patients. Various inhibitors targeting different molecules of this pathway have been
developed including Medroxyprogesterone Acetate (MPA, Levonorgestrel Intrauterine Device, DKN-01 is a
humanized monoclonal antibody (Mab) targeting Dickkopf-1 (DKK1), Porcupine Inhibitor, OMP-54F28 -a fusion
protein consisting of the extracellular ligand-binding domain of Fzd8 and a human immunoglobulin G1 (IgG1) Fc
domain-, Niclosamide, PRI-724 and ICG-001, Salinomycin, Curcumin and miRNA treatment, though only a few
studies have addressed the effects of Wnt inhibitors in endometrial cancer and they are still at an early phase and

far away from clinical trials (18],

A simultaneous blockade of VEGF/VEGFR and DLL4/Notch signaling pathways leads to more potent anti-cancer
effects by synergistic anti-angiogenic mechanisms in xenograft models. A bispecific antibody targeting VEGF and
DLL4 (ABLOO1/NOV1501/TR009) demonstrates more potent in vitro and in vivo biological activity compared to
VEGF or DLL4 targeting monoclonal antibodies alone and is currently being evaluated in a phase 1 clinical study of
heavy chemotherapy or targeted therapy pre-treated cancer patients (ClinicalTrials.gov Identifier: NCT03292783).
However, the effects of a combination of ABLOO1 and chemotherapy on tumor vessels and tumors are not known.
Hence, the effects of ABLOO1, with or without paclitaxel and irinotecan were evaluated in human gastric or colon
cancer xenograft models. The combination treatment synergistically inhibited tumor progression compared to each
monotherapy. More tumor vessel regression and apoptotic tumor cell induction were observed in tumors treated
with the combination therapy, which might be due to tumor vessel normalization. Overall, these findings suggest
that the combination therapy of ABLOO1 with paclitaxel or irinotecan would be a better clinical strategy for the

treatment of cancer patients 7],

Chiorean et al. studied the Enoticumab (REGN421), a human IgG1 monoclonal antibody that binds human Dll4
and disrupts Notch-mediated signaling, in order to determine the safety, dose-limiting toxicities (DLT),
pharmacokinetics (PK), and recommended phase Il dose (RP2D) of enoticumab. Enoticumab was administered
intravenously in 53 patients with the most frequent adverse events (AE) being fatigue, nausea, vomiting,
hypertension, headache, and anorexia. Brain natriuretic peptide increase, troponin | increase, right ventricular
dysfunction and pulmonary hypertension, and left ventricular dysfunction and pulmonary hypertension were
reported in four patients while Enoticumab was characterized by nonlinear, target-mediated PK, and had a terminal
half-life of 8 to 9 days. The authors reported that Enoticumab was tolerated, and that good response was noted for

both ovarian cancer and other solid tumors 28],
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| 3. Conclusions

Dll4 reveals a major key role in endometrial cancer formation while it seems to have a critical role in both tumor
angiogenesis and cancer stem cells activation. Immunotherapies represent a promising novel therapy however,
there are still ongoing research that will lead to important information considering the appropriate protocols for the
different types of cancer. Taking into consideration the presence and the role of tumor stem cells in endometrial
formation, the implication of DIl4 gene in endometrial cancer development and the interaction between them, where
Dll4 blockage has proven to be correlated to cancer stem cell inhibition and suspension of tumor development, an
interaction between DIl4 and cancer stem cells in endometrial cancer seems quite possible, however, more
research is predominant to reach safe conclusions.

References

1. Miao, Z.-F.; Xu, H.; Xu, H.-M.; Wang, Z.; Zhao, T.-T.; Song, Y.-X.; Xu, Y.-Y. DLL4 overexpression
increases gastric cancer stem/progenitor cell self-renewal ability and correlates with poor clinical
outcome via Notch-1 signaling pathway activation. Cancer Med. 2016, 6, 245-257.

2. Hu, W.; Lu, C.; Dong, H.H.; Huang, J.; Shen, D.-Y.; Stone, R.L.; Nick, A.M.; Shahzad, M.M.K.;
Mora, E.; Jennings, N.B.; et al. Biological Roles of the Delta Family Notch Ligand DII4 in Tumor
and Endothelial Cells in Ovarian Cancer. Cancer Res. 2011, 71, 6030-6039.

3. Yen, W.-C.; Fischer, M.M.; Shah, J.; Wei, J.; Cain, J.; Yeung, P.; Beviglia, L.; Cancilla, B.; Kapoun,
A.; Lewicki, J.; et al. Anti-DLL4 (demcizumab) inhibits tumor growth and reduces cancer stem cell
frequency in patient-derived ovarian cancer xenografts. Cancer Res. 2013, 73, 3725.

4. Hoey, T.; Yen, W.-C.; Axelrod, F.; Basi, J.; Donigian, L.; Dylla, S.; Fitch-Bruhns, M.; Lazetic, S.;
Park, I.-K.; Sato, A.; et al. DLL4 Blockade Inhibits Tumor Growth and Reduces Tumor-Initiating
Cell Frequency. Cell Stem Cell 2009, 5, 168-177.

5. Bao, H.; Chen, X.; Thomas, S.; Shi, X.; Strout, P.; Hurt, E.; Cho, S.; Burke, P.A.; Dar, M.M.
Evaluation of anti-cancer stem cell activity of the anti-DLL4 antibody MEDIO639 in a phase |
clinical trial of SCLC. J. Clin. Oncol. 2016, 34, e20093.

6. Mendonga, L.; Trindade, A.; Carvalho, C.; Correia, J.; Badenes, M.; Gigante, J.; Duarte, A.
Metastasis is impaired by endothelial-specific DIl4 loss-of-function through inhibition of epithelial-
to-mesenchymal transition and reduction of cancer stem cells and circulating tumor cells. Clin.
Exp. Metastasis 2019, 36, 365-380.

7. Yen, W.-C.; Fischer, M.M.; Hynes, M.; Wu, J.; Kim, E.; Beviglia, L.; Yeung, V.P.; Song, X.; Kapoun,
A.M.; Lewicki, J.; et al. Anti-DLL4 Has Broad Spectrum Activity in Pancreatic Cancer Dependent
on Targeting DLL4-Notch Signaling in Both Tumor and Vasculature Cells. Clin. Cancer Res. 2012,
18, 5374-5386.

https://encyclopedia.pub/entry/21824 5/6



Dll4 and Toll-like Receptors in Cancer Development | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Zohny, S.F.; Zamzami, M.A.; Al-Malki, A.L.; Trabulsi, N.H. Highly Expressed DLL4 and JAG1.:

Their Role in Incidence of Breast Cancer Metastasis. Arch. Med. Res. 2020, 51, 145-152.

. Kato, K. Endometrial cancer stem cells: A new target for cancer therapy. Anticancer Res. 2012,

32, 2283-2293.

Fasoulakis, Z.; Galazios, G.; Koukourakis, M.; Nikolettos, N.; Giatromanolaki, A.; Koutlaki, N.;
NKontomanolis, E. Expression of Delta Like Ligand 4 (DLL4) in endometrial carcinomas and
tumor vasculature. J. Buon. 2021, 26, 1327-1332.

Mazella, J.; Liang, S.; Tseng, L. Expression of Delta-Like Protein 4 in the Human Endometrium.
Endocrinology 2007, 149, 15-19.

Badenes, M.; Trindade, A.; Pissarra, H.; Lopes-Da-Costa, L.; Duarte, A. Delta-like 4/Notch
signaling promotes Apc Min/+ tumor initiation through angiogenic and non-angiogenic related
mechanisms. BMC Cancer 2017, 17, 50.

Guo, X.; Duan, Y.; Ye, X.; Hu, L.; Xu, T.; Tong, L.; Yu, M. Stable silencing of dll4 gene suppresses
the growth and metastasis of esophagus cancer cells by attenuating Akt phosphorylation. Oncol.
Rep. 2018, 40, 495-503.

ElSahwi, K.S.; Bellone, S.; Cocco, E.; Cargnelutti, M.; Casagrande, F.; Bellone, M.; Abukhalaf, M.;
Buza, N.; Tavassoli, F.A.; Hui, P.; et al. In vitro activity of pertuzumab in combination with
trastuzumab in uterine serous papillary adenocarcinoma. Br. J. Cancer 2009, 102, 134-143.

Jenkins, D.W.; Ross, S.; Veldman-Jones, M.; Foltz, I.N.; Clavette, B.C.; Manchulenko, K.;
Eberlein, C.; Kendrew, J.; Petteruti, P.; Cho, S.; et al. MEDI0O639: A Novel Therapeutic Antibody
Targeting DIl4 Modulates Endothelial Cell Function and Angiogenesis In Vivo. Mol. Cancer Ther.
2012, 11, 1650-1660.

Fatima, I.; Barman, S.; Rai, R.; Thiel, K.W.; Chandra, V. Targeting Wnt Signaling in Endometrial
Cancer. Cancers 2021, 13, 2351.

Yeom, D.-H.; Lee, Y.-S.; Ryu, |.; Lee, S.; Sung, B.; Lee, H.-B.; Kim, D.; Ahn, J.-H.; Ha, E.; Choli, Y.-
S.; et al. ABLOO1, a Bispecific Antibody Targeting VEGF and DLL4, with Chemotherapy,
Synergistically Inhibits Tumor Progression in Xenograft Models. Int. J. Mol. Sci. 2020, 22, 241.

Chiorean, E.G.; LoRusso, P.; Strother, R.M.; Diamond, J.R.; Younger, A.; Messersmith, W.A;
Adriaens, L.; Liu, L.; Kao, R.J.; DoCioccio, A.T.; et al. A phase | first-in-human study of
enoticumab (REGN421), a fully human delta-like ligand 4 (DII4) monoclonal antibody in patients
with advanced solid tumors. Clin. Cancer Res. 2015, 21, 2695-2703.

Retrieved from https://encyclopedia.pub/entry/history/show/52568

https://encyclopedia.pub/entry/21824 6/6



