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Roles and mechanisms of netrins in cancer development

Jie Yang, Zhen Dong, and Hongjuan Cui

State Key Laboratory of Silkworm Genome Biology, Southwest University, Chongging 400716, China

Abstract: As secreted protein and membrane-bound proteins, netrins play important roles in biological processes such as
neural cell migration, differentiation and apoptosis. Netrins were thought to guide axon outgrowth and central nervous system
morphology since they were discovered. Besides, they also participate in physiological processes such as cell adhesion,
migration, differentiation, angiogenesis, lymph angiogenesis, and inflammation in non-neural tissues. Recent studies showed
that netrins also involved in the regulation of initiation and development of various tumors including colorectal cancer,
pancreatic ductal adenocarcinoma. Because of the functional diversity of netrins and the different biological effects of
different receptors in tumor tissue, the specific mechanism of their action in tumors remains unclear. Based on current research
progress of our group, this review summed up recent research findings on netrins in relation to cancer biology, suggested
possible mechanisms, and discussed the implications in cancer research and intervention.
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Fig. 1 Schematic illustration of the structure of netrins
(adapted from Ylivinkka et al™). Different netrin
domains are marked as follows: A: N-terminal domain
related to laminin y-chain; B: N-terminal domain related
to laminin-chain; C: NTR domain; D: 3 EGF repeats; E:
2 EGF repeats; F: GPl-anchor protein.
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Table 1 Summary of the netrins expression, suggested functions and novel pathways in different cancers

Cancertype  Members Expression Dependence receptors Signal pathways Effect References
Colorectal NTN1 1 DCC/UNC5C Hippo Proliferation [33]
cancer NTN4 | Neogenin VEGF/cyclooxygenase-2  Migration [36]

Metastasis [37]
Angiogenesis
Pancreatic NTN1 1] UNC5S -p53/MDM2 Proliferation [42]
cancer FAK Migration [43]
Mek/Erk/c-Jun [44]
Gastric cancer NTN1 1 Neogenin Jak/Stat Proliferation [47]
NTN4 1 PI3K/Akt Migration [48]
Erk/MAPK
DR’s aberrant methylation
Breast cancer NTN1 ¢ DCC/UNC5S DAPK Migration [59]
NTN4 1] a6pl Rho GTPases Metastasis [64]
Src/FAK Angiogenesis [66]
Lymphangiogenesis
Ovarian cancer NTN1 1 DCC/UNCS5S Proliferation
Migration
Angiogenesis
Glioblastoma NTN1 1 UNC5A Notch Proliferation [72]
NTN4 1 ITGB4 NF-xB Migration [75]
Akt-mToR Angiogenesis [77]
Erk/MAPK [78]
Neuroblastoma NTN1 1 DCC/UNC5S Rho GTPases Migration [81-82]
NTN4 1 Neogenin Hedgehog Metastasis [86-90]

“1” stand for increased in this tumor; “|” stand for reduced in this tumor.
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Fig. 2 Diagram of the mechanisms of netrins and its receptors in tumor initiation and progression (adapted from Kefeli
et al®, Arakawa'?®).
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