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Abstract 

Development of an organ and subsequently the whole system from an embryo is a highly integrated 

process. Although there are evidence that different systems are interconnected during developmental 

stages, the molecular understanding of this relationship is either not known or only to a limited extent. 

Nervous system development, amongst all, is maybe the most crucial and complex process. It relies on 

the correct distribution of specific neuronal growth factors and hormones to the specific receptors. 

Among the plethora of proteins that are involved in downstream signalling of neuronal growth factors, 

we find the Kinase-D Interacting Substrate of 220 kDa (KIDINS220), also known as Ankyrin-rich Repeat 

Membrane Spanning (ARMS) protein. KIDINS220 has been shown to play a substantial role in the 

nervous system and vascular system development as well as in neuronal survival and differentiation. It 

serves as a downstream regulator for many important neuronal and vascular growth factors such as 

Vascular Endothelial Growth Factor (VEGF), the neurotrophin family, glutamate receptors and ephrin 

receptors. Moreover, activation and differentiation of B- and T-cells, as well as tumour cell proliferation 

has also shown to be related KIDINS220. This review comprehensively summarises the existing research 

data on this protein, with a particular interest in its role in cancer and in other pathologies.  
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Introduction  

 

Interaction of different proteins plays an important functional role in the development of interconnected 

systems of all organisms. In human beings, nervous system development and differentiation is one of the 

most sophisticatedly regulated mechanisms. Among many neurotrophic factors, a group of closely 

related compounds called neurotrophin (NT) has a crucial role in controlling the number, growth, and 

differentiation of neurones, the functional unit of the nervous system. These neurotrophic factors bind 

to high-affinity Tropomyosin Receptor Kinases (Trks) and/or the low-affinity pan-neurotrophin nerve 

growth factor receptor (NGFR) present on neuronal cells surface. Binding of NTs to these receptors 

initiates specific intracellular signalling cascades resulting in many important functions such as neuronal 

survival and proliferation, growth and differentiation of axon and dendrite, and the expression and 

function of important proteins like ion channels and neurotransmitter receptors1–3. Synaptic strength 

and plasticity are also regulated by Trk receptors in the adult nervous systems, and the activation of cell 

surface receptors leads to one of many intracellular signalling pathways. The specificity of the receptors 

to NTs and the corresponding intracellular signalling cascade depends on the expression of Trk/NGFR on 

cell surface and availability of signalling intermediates inside the neuronal cell. At the intracellular level, 

activated Trk/NGFR provide docking sites at phosphorylated tyrosine residues for different adapters 

present in the cytoplasm depending on cell type. The most important initial adapter proteins involved in 

the corresponding intracellular signalling events are RAS protein family, Extracellular regulated Kinases 

(ERK or MAPK), Phospholipase-Cϒ (PLC-ϒ), Phosphatidyl Inositol-3 Kinase (PI3-K), AKT and KIDINS2204,5 

(Figure 1). Among these, KIDINS220 was successfully cloned and identified in 2000 as the first 

physiological substrate of Protein Kinase-D (PKD)6. It is a transmembrane protein phosphorylating 

proteins at serine and threonine residues. At the same time, it was also identified as a downstream 

signalling target of neurotrophin receptor tyrosine kinase NTRK7 and named ARMS (Ankyrin-rich Repeat 

Membrane Spanning) owing to its characteristic structural features. Later studies revealed that it is a hub 

for several cellular interactions of paramount importance. Through protein-protein interactions, it plays 

a major role in the development of various systems8,9. This is exemplified by nervous system processes 

such as neuronal outgrowth10, neuronal polarity11 and differentiation12, neuronal survival13, synaptic 

transmission14, vascular system development15, neuroblastoma cell proliferation16, UV irradiation-

induced apoptotic cell-death in melanoma17 and B and T-cells activation and differentiation18,19. 

KIDINS220 also forms a ternary complex with Trk and NGFR 20 and plays an important role in human 

immunodeficiency virus type-1 Tat-induced microglial activation21. Finally, a recent study has shown that 
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KIDINS220 acts as an interactional partner of synembrin-B and thus plays a role in the NGF-induced 

cellular secretions22. Recent reviews on KIDINS220 have been published and summarise the available 

data on the history, structure and associated functions of this protein5,9. Therefore, we will focus on the 

functions and importance of KIDINS220 in the development of human pathologies, with a particular 

interest in cancer in this review.  

 

Structural insight of KIDINS220  

KIDINS220 is a large protein with 1771 amino acids and an apparent molecular weight of 220 kDa, 

encoded by the human gene KIDINS220 situated at 2p25.1. The amino acid sequence of KIDINS220 can 

be divided into several different structural domains including protein interaction domains, 

transmembrane domains and phosphorylation site. The central part (amino acids 500-706) has four 

transmembrane domains whereas both N- and C-terminals are cytoplasmic. The cytoplasmic N-terminal 

domain harbours 11 ankyrin repeats (amino acids 37-402) that serve as a docking site for different 

protein partners10. Next to this region (amino acids 467-474) is a consensus motif ATP/GTP binding site 

(P-loop, AQWGSGKS). Due to the presence of nucleotide-binding Walker A and Walker B motifs in 

juxtamembrane regions of KIDINS220, it has been suggested as a P-loop Nucleotide Phosphatases of the 

“KAP Family”, named after KIDINS220/ARMS and PIFA9.However, the functional role of these latter 

motifs in KIDINS220 is still unclear. At its C-terminal end, KIDINS220 harbours several other important 

interacting domains. Some of these domains include; KIM region (amino acids 1356-1395) for binding of 

KIDINS220 with Kinesin-112, Proline-rich region (amino acids 1080-1092) that binds the adapter protein 

CRKL9,23, a sterile alpha motif (SAM; amino acids 1231-1300) and a PDZ-binding motif (PSD-95/Disc 

large/Zonula occludens-1) which comprises of the last four amino acids of the KIDINS220 sequence7,24.  

 

Sequence evolution of KIDINS220  

KIDINS220 protein or orthologues thereof are found in a large selection of diversely evolved organisms 

(Table 1). The analysis of the sequence evolution of KIDINS220 shows a more than 90% homology and 

identity within higher mammals. For avian and reptilian proteins, sequence similarities with the human 

protein decrease to between 80 and 90%. Orthologues of KIDINS220 are found in several metazoans like 

Caenorhabditis elegans (26.4% identity, 42.7% homology) and Drosophila melanogaster (28.6% identity, 

42.0% similarity)6,7. This highly conserved protein sequence from nematodes to humans strongly 
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suggests that KIDINS220 plays evolutionarily conserved functions, which is confirmed in particular by the 

protein-protein interactions (see hereunder). Overall, the N-terminal region of KIDINS220 is highly 

conserved, unlike the more divergent C-terminal region, suggesting a differential evolutionary 

importance of properties associated with N- or C-terminal domains of the protein.  

Presence of KIDINS220 in cells of different tissues and its role in different systems, like immune 

system25,26,18,19, the vascular system8,15, nervous system, and pathological conditions like tumour 

proliferation and neural disorders, can also be a consequence of the evolutionary divergence that some 

parts of KIDINS220 have underwent.  

 

KIDINS220/ARMS and human diseases  

In addition to its involvement in cancer (see next paragraph), KIDINS220 has been associated with 

different pathological situations in humans (Figure 2).  

NGF is considered to be an important player in bronchial hyper-responsiveness and inflammation in 

asthma patients27,28. Recent studies revealed that KIDINS220 is overexpressed in the lung, spleen and 

peripheral blood of BALB/c mice after allergen challenge29,30. On the other hand, a significant reduction 

in the expression of KIDINS220 occurs after intra-nasal administration with anti-NGF antibodies to mice, 

suggesting that KIDINS220 is regulated by NGF signalling in the asthma30. Interestingly, the ovalbumin-

induced expression of NFKB, IL1B, IL-4, and TNF in ovalbumin-sensitized mice was limited by the 

treatment with anti-KIDINS220 antibodies. Based on these findings, it is clear that NGF/NTRK1-

KIDINS220-ERK signalling pathway holds a major position in the pathogenesis of allergic asthma29 and, if 

validated in humans, KIDINS220 can serve as a new therapeutic approach towards the allergic diseases of 

the airway30,31. 

KIDINS220 has also shown its pivotal role in HIV-associated neurocognitive disorders (HAND). HIV infects 

central nervous system-resident immune cells, microglia, which in turn releases proinflammatory 

molecules causing HANDS32,33. KIDINS220 has shown to be expressed in microglial cells of central nervous 

system and to be involved in the activation of NFKB21. A study showed that production of tumour 

necrosis factor alpha and activation of NFKB falls down remarkably when KIDINS220 is downregulated34. 

It is well established that KIDINS220 holds a pivotal position in neuronal disorders through its role in the 

signalling of neurotrophins. It has also been shown that KIDINS220 expression is regulated by certain 
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pathological conditions e.g. cerebral ischemia. The underlying mechanism of this behaviour relies on N-

methyl-D-aspartate receptors (NMDAR) excitotoxicity due to the overproduction of glutamate during 

ischemic conditions35. Hyper-activation of NMDARs causes an increased influx of Ca2+ in the post-synaptic 

neurons36,37. This influx of Ca2+ causes downregulation of KIDINS220 in two different ways which are 

either calpain dependent (cleavage of C-terminals of KIDINS220 and NR2A/NR2B subunits of NMDARs) or 

calpain-independent (transcriptional inhibition of KIDINS220 gene)35. These findings suggest that 

neuronal degeneration induced by cerebral ischemia might be due to cleavage of PDZ-binding domain on 

C-terminal of KIDINS220 which is responsible for the downstream signalling during neuronal 

differentiation and survival.  

Unlike its reduction in cerebral ischemia, KIDINS220 has shown an enhanced expression in Alzheimer’s 

disease (AD) where it correlates with TAU38. TAU is a microtubule-associated protein which is 

hyperphosphorylated in AD39,40. Necropsies from AD patients with different progression stages showed 

that KIDINS220 expression levels are increased in human brain owing to the increased resistance to 

calpain cleavage associated with a hyperphosphorylation of KIDINS22038. Potential mechanisms of the 

involvement of KIDINS220 in the AD have been suggested elsewhere41. Based on all this data and a short 

study on KIDINS220 expression in AD brain and cerebrospinal fluid using an anti-KIDINS220 antibody, it 

has been suggested that KIDINS220 can serve as a novel biomarker for AD neurodegeneration42. Further 

studies, however, would have a far-reaching importance concerning regulation of KIDINS220 expression 

in other similar pathologies like hypoxia, acute trauma and other neurodegenerative diseases.  

Still, in relation to neurological diseases, it was shown that genetic variation in the signalling pathways of 

neurotrophins, and thereby in KIDINS220, was associated with increased risk of schizophrenia and 

psychosis. These include A557V, H1085R and A1299G mutations in patients with schizophrenia-related 

psychosis, and the mutations are probably modifying the interaction with CRKL and the subsequent 

MAPK signalling, or the SAM-domain-related properties43,44. Although rare, such genetic variants in 

KIDINS220, together with other genes, can explain certain cases of psychiatric disorders45. 

Three childhood cases of a new syndrome named SINO have been associated with variants of KIDINS220 

with premature stop codons46. SINO syndrome is characterized by spastic paraplegia, intellectual 

disability, nystagmus and obesity. The variants of KIDINS220 responsible for this sort of syndrome were 

closely related to an isoform of KIDINS220 with alternative splicing and present only in adult tissues47. 

The study has shown the importance of the delicate balance of KIDINS220 isoforms’ expression during 

the developmental phases of an embryo46. Other genetic variants were found in unborn fetuses 
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corresponding to a premature termination codon in exon 25 resulting in nonsense-mediated mRNA 

decay and absence of protein 48. The fetuses had enlarged cerebral ventricles and limb contractures that 

suggested the association between the phenotype and KIDINS220.  

 

KIDINS220 and cancer 

There is currently a growing amount of published data showing the involvement of KIDINS220 in various 

cancers (Figure 2). Here, we discuss the link between KIDINS220 and cancer by separating what has been 

shown directly with this protein (table 2), what can be suggested from indirect studies, and how these 

data constitute the basis for new therapeutic approaches.  

 

Direct roles of KIDINS220 in cancer 

First of all, KIDINS220 is clearly involved in cell proliferation and survival, as KIDINS220 knock out mice 

have a large rate of increased apoptotic cells as compared to control mice8. Melanoma, a tumour 

ontogenetically originating from neural crest, highly expresses KIDINS220 which protects tumour cells 

from stress-induced apoptotic death by activation of ERK signalling pathway17. KIDINS220-depleted 

melanoma cell lines expressed a significant inhibition of anchorage-independent growth in soft agar and 

an extended cell death by UVB-induced apoptosis. Its down-regulation also decreased the tumorigenicity 

in severe combined immunodeficient mice, strongly evidencing the functional role of the protein in this 

disease17. This was validated in another study by the same authors, together with the finding of a 

correlation between KIDINS220 protein expression and clinical outcome for melanoma patients49. 

Indeed, there was a better overall survival of patients with a negative KIDINS220 expression as compared 

to those with weak, moderate or strong expression.  

Another study showed that an increased expression of KIDINS220 stimulated cell proliferation in human 

neuroblastoma cells, another neural crest tumor16. The underlying mechanism of this function suggested 

that the downregulation of KIDINS220 is associated with a decreased level of cyclin D1/CDK4 during the 

G1 phase of cell cycle. CCND1/CDK4 is a protein frequently overexpressed and associated with 

tumorigenesis in many cancers50. Decreased KIDINS220 also upregulates P21 (a cyclin-dependent kinase 

inhibitor, CDKN1A) which in turn reduces the hyperphosphorylation of RB1, a tumour suppressor 

protein, by suppressing the kinase activity of CCNG1/CDK complexes16. KIDINS220 is expressed in 
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different neuroblastoma tumours and cell lines from these tumours in which its downregulation results 

in a decreased NGF induced-MAPK signalling. However, its downregulation has no effect on BDNF 

induced-MAPK signaling51. Depletion of KIDINS220 in neuroblastoma cell lines has also been associated 

with the neural to Schwann like transition52. Quantification and presence of Schwannian cells in the 

peripheral neuroblastic tumours is one of the markers for favourable prognosis53 and is being used by 

the International Neuroblastoma Pathology Classification (INPC) guidelines to stage these tumors54. 

Thus, KIDINS220 promoting the decrease of these cells is thus associated with a bad prognosis. 

In prostate cancer, KIDINS220 is involved in angiogenesis and castration resistance55. KIDINS220 binds 

with VEGFR2 and VEGFR3 which act as co-receptors for the interaction between VEGF and VEGFR. This 

leads to the activation of VEGF/PI3K/AKT signalling pathway, which in turn promotes proliferation and 

vasculogenic mimicry formation. It also impairs apoptosis of prostate cancer cells as well as increases the 

expression level and secretion of VEGF to stimulate angiogenesis in an autocrine manner. The micro-RNA 

miR-4638-5p targets KIDINS220 3’-UTR sequence and thereby down-regulates its expression in prostate 

cancer cells, which is associated with an increased sensitivity to castration. This is hypothesized to be the 

functional explanation of the tumour suppressor activity of this micro-RNA.  

A fusion protein between KIDINS220 and PAX5 has been described in acute lymphoblastic leukaemia 

(ALL)56. This protein corresponds to the 306 first amino acids of PAX5 and the 901 last amino acids of 

K220 (871-1171). Paired box-5 (PAX-5) is a transcriptional regulator that ensures the commitment to B-

lymphoid lineage and maintenance of its normal phenotype57,58. Any tempering in the functions of 

protein due to fusions at genetic level causes an abnormal deviation from the development and 

differentiation of B-cells at an uncommitted progenitor stage. It preludes to the development of B-cell 

ALL59,60. The fusion protein between KIDINS220 and PAX5 contains the N-terminal region of PAX5 which 

incorporates its DNA-binding domains, and the C-terminal region of KIDINS22056. This latter is therefore 

still able to interact with other proteins through the proline-rich domain.  

KIDINS220 has also shown interaction with B-cell antigen receptor (BCR) in unstimulated B lymphocytes. 

However, B-cells stimulation and Src-independent signalling enhance this interaction19. Studies have 

shown that KIDINS220 expression is essential for bracketing BCR to the Ca2+ and RAS-ERK pathways and 

hence plays a vital role in BCR-mediated cellular activation and B cell development in bone marrow.  

A detailed characterization of gene expression and protein localization of KIDINS220 during early phases 

of embryogenesis has shown that it is dynamically regulated during development and therefore has an 
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imperative role in distinct spatiotemporal differentiative events61. The nervous system, eye, branchial 

arches, heart and somites are different embryonic regions expressing KIDINS220 mRNA from neurula to 

larval stage. Protein expression has also shown a similar behaviour, with embryonic expression in central 

nervous system, cranial nerves, motor nerves, intersomitic junctions, retinal ganglion cells, lens, otic 

vesicle, heart and branchial arches. As compared to the earlier examined stages, embryos during stage 

42 displayed a differential localization of KIDINS220 protein in some regions like retina and somites61. 

Aberrant re-expression of embryonic and developmental genes, eventually by epigenetic modifications, 

has been repeatedly shown to be associated with cancer progression62. Given the described roles for 

KIDINS220 in both development and cancer, this could also be a potential explanation of its role in 

certain cancers.  

In summary, the available data clearly suggests that KIDINS220 is directly associated with cancer growth 

and development. For the moment, no clear and single molecular mechanism is identified as being 

responsible for this, and as shown in the previous paragraphs, multiple cancer types have been identified 

as being influenced by KIDINS220. Future work should therefore be performed in order to confirm both 

involvement in identified cancers and the underlying mechanisms, and to elucidate whether this 

complex protein can be considered an oncogene, used as a biomarker and if its cancer-related properties 

are related to its phosphorylation by protein kinase D (PKD) or not (see hereafter).  

 

Indirect roles of KIDINS220 in cancer 

In addition to studies focusing directly on KIDINS220, data exists on the potential involvement of this 

protein in cancer through its protein partners. First, KIDINS220 has been shown to interact with VEGFR2 

and the intracellular signalling of VEGF in some conditions15. Thus, if this is also the case in tumours, 

KIDINS220 can be involved in the angiogenetic activity of VEGF and thus the cancer progression.  

Protein kinases are enzymes responsible for catalyzing the phosphorylation of different proteins to 

modulate the activity inside the cell in response to activated membrane receptors by certain stimuli. 

They play major roles in cancer and have become an attractive target for cancer treatment63. PKD is a 

PKC-like serine/threonine kinase that phosphorylates the synthetic peptide Syntide 2, but, as compared 

to PKC, only very weakly physiological substrates that have been evaluated64. KIDINS220, and more 

precisely its serine 919, was thus identified as the first physiological substrate of PKD upon its cloning 

and initial characterization6. Since then, several substrates for PKD have been described, including 
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cancer-related proteins. The phosphorylation of SSHL1 by PKD, for example, causes a cofilin-mediated 

decrease in the migration of breast cancer cells65–67. PKD is also involved in the suppression of epithelial-

to-mesenchymal transition through phosphorylation of the transcription factor Snail68. Moreover, PKD-

HDAC5 pathway plays a vital role in VEGF regulation of gene transcription and angiogenesis69. 

Considerable evidence suggests PKD be a potential therapeutic target owing to its effective role in 

different types of cancers70. The phosphorylation of KIDINS220 by PKD has been shown to regulate the 

secretion of neurotensin71. In addition, studies have shown that loss of KIDINS220 and PKD1/2 have a 

similar phenotype i.e. multiple axons and aberrant dendrites72, underlying the functional importance of 

the interaction between these two proteins. Therefore, it could be possible that some of the cancer-

related properties of PKD could be mediated by KIDINS220. Additional work should be performed in 

order to clarify this association. Finally, the involvement of KIDINS220 in cancer could be related to Trks 

or to NGFR. There is indeed an increasing amount of data in the literature demonstrating the role of 

these receptors in cancer. Both receptors were recently shown to be highly expressed at the protein 

level in thyroid cancer and their targeting by siRNA decreased the cell viability73. Increased expression of 

NGFR or both NGFR and Trks was also shown in ovarian cancer74, neuroblastoma75, renal cell carcinoma76 

and Schwannomas77, whereas NGFR expression has been shown to be decreased in both gastric cancer78 

and hepatocellular carcinomas79. In addition, the possibility to target neurotrophin receptors was shown 

in several of the cited here over as well as for melanomas80 and pancreatic cancer cells81. The potential 

role of KIDINS220 was not evaluated in any of these studies on neurotrophin-receptors and cancer, but 

due to its central position in neurotrophin signalling, we imagine that it's involved as well. The precise 

role of KIDINS220 in this phenomenon should, of course, be confirmed by additional studies. 

 

Targeting KIDINS220 in cancer 

Based on the existing data reviewed here, we believe that upcoming research will validate KIDINS220 as 

a potential target for cancer therapy. Various strategies could be used to target this large multifunctional 

protein based on the molecular mechanism involved in the tumour development. As no enzymatic 

activity of the protein is known, its inhibition would be based on less classical approaches. As several of 

its activities are based on the physical interaction with other proteins, small molecules inhibiting these 

interactions could be used to target a given effect mediated by a specific interaction. This approach has 

been successful in cancer as exemplified for example by compounds targeting the interaction between 

TP53 and MDM282. This strategy would, however, need a better knowledge about the tridimensional 
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structure of either the complete KIDINS220 protein or the targeted domain in order to used 

bioinformatics tools to search for inhibitors. An enhanced understanding of the molecular mechanisms 

involved in each cancer type and for each protein interaction is also a prerequisite to this approach.  

Based on whether the phosphorylation of KIDINS220 by PKD is needed for the cancer-promoting effects 

of PKD, this could be used by targeting, for example, the phosphorylation site of KIDINS220 with an 

antibody. This would then inhibit specifically the KIDINS220-related effect of PKD whereas other 

potentially interesting phosphorylated proteins would not be affected. For the specific case of ALL 

patients expressing the fusion protein PAX5-KIDINS22056, a specific monoclonal antibody targeting the 

fusion protein could be developed and used for treatment purposes. This would however depend on the 

membrane expression of the fusion protein. Finally, targeting the extracellular domains of KIDINS220 

with therapeutic monoclonal antibodies could be a possibility if this would be associated internalization 

of the protein, induction of cell death via the activation of the immune system (antibody-dependent cell 

cytotoxicity) or with structural modifications leading to decreased intracellular signalling or protein-

protein interactions. This latter is, however, less likely as the extracellular domain of KIDINS220 is very 

small. 

 

Concluding remarks 

As described in this review, KIDINS220, a protein that was first studied at from a biochemical and a 

cellular biology point of view, has now clearly been associated with the development or the status of 

several diseases. Possible molecular explanations of these roles have sometimes been proposed, but 

much is still to be done both in order to understand the shown roles and to validate them in additional 

patient groups. As for cancer, KIDINS220 has a major role in cell proliferation in several cancer types, and 

the mechanism seems to be quite specific for each cancer and difficult to generalize. Since the inhibition 

of KIDINS220 expression, if often associated with decreased cell proliferation, this intriguing protein 

could turn out to be an interesting drug target. Another remaining part in the field of cancer and 

KIDINS220 is to understand the expression of this protein in some cancers, and whether this could be 

related to re-expression of embryonic genes or not.   

Page 11 of 25

John Wiley & Sons

Genes, Chromosomes & Cancer

This article is protected by copyright. All rights reserved.



References 

1.  Bibel M, Barde Y-A. Neurotrophins: key regulators of cell fate and cell shape in the vertebrate 

nervous system. Genes Dev. 2000;14(23):2919-2937. 

2.  Chao MV. Neurotrophins and their receptors: A convergence point for many signalling pathways. 

Nat Rev Neurosci. 2003;4(4):299. 

3.  Huang EJ, Reichardt LF. Trk Receptors: Roles in Neuronal Signal Transduction. Annu Rev Biochem. 

2003;72(1):609-642.  

4.  Keefe KM, Sheikh IS, Smith GM. Targeting Neurotrophins to Specific Populations of Neurons: NGF, 

BDNF, and NT-3 and Their Relevance for Treatment of Spinal Cord Injury. Int J Mol Sci. 

2017;18(3):548.  

5.  Scholz-Starke J, Cesca F. Stepping Out of the Shade: Control of Neuronal Activity by the Scaffold 

Protein KIDINS220/ARMS. Front Cell Neurosci. 2016:68.  

6.  Iglesias T, Cabrera-Poch N, Mitchell MP, Naven TJP, Rozengurt E, Schiavo G. Identification and 

Cloning of KIDINS220, a Novel Neuronal Substrate of Protein Kinase D. J Biol Chem. 

2000;275(51):40048-40056.  

7.  Kong H, Boulter J, Weber JL, Lai C, Chao MV. An evolutionarily conserved transmembrane protein 

that is a novel downstream target of neurotrophin and ephrin receptors. J Neurosci Off J Soc 

Neurosci. 2001;21(1):176-185. 

8.  Cesca F, Yabe A, Spencer-Dene B, et al. KIDINS220/ARMS is an essential modulator of 

cardiovascular and nervous system development. Cell Death Dis. 2011;2(11):e226.  

9.  Neubrand VE, Cesca F, Benfenati F, Schiavo G. KIDINS220/ARMS as a functional mediator of 

multiple receptor signalling pathways. J Cell Sci. 2012;125(8):1845.  

10.  Neubrand VE, Thomas C, Schmidt S, Debant A, Schiavo G. KIDINS220/ARMS regulates Rac1-

dependent neurite outgrowth by direct interaction with the RhoGEF Trio. J Cell Sci. 

2010;123(12):2111-2123.  

11.  Higuero AM, Sánchez-Ruiloba L, Doglio LE, et al. KIDINS220/ARMS Modulates the Activity of 

Microtubule-regulating Proteins and Controls Neuronal Polarity and Development. J Biol Chem. 

2010;285(2):1343-1357.  

12.  Bracale A, Cesca F, Neubrand VE, Newsome TP, Way M, Schiavo G. KIDINS220/ARMS Is Transported 

by a Kinesin-1–based Mechanism Likely to be Involved in Neuronal Differentiation. Mol Biol Cell. 

2007;18(1):142-152.  

Page 12 of 25

John Wiley & Sons

Genes, Chromosomes & Cancer

This article is protected by copyright. All rights reserved.



13.  López-Menéndez C, Gascón S, Sobrado M, et al. KIDINS220/ARMS downregulation by excitotoxic 

activation of NMDARs reveals its involvement in neuronal survival and death pathways. J Cell Sci. 

2009;122(19):3554-3565.  

14.  Arévalo JC, Wu SH, Takahashi T, et al. The ARMS/KIDINS220 scaffold protein modulates synaptic 

transmission. Mol Cell Neurosci. 2010;45(2):92-100.  

15.  Cesca F, Yabe A, Spencer-Dene B, et al. KIDINS220/ARMS mediates the integration of the 

neurotrophin and VEGF pathways in the vascular and nervous systems. Cell Death Differ. 

2012;19(2):194-208.  

16.  Jung H, Shin J-H, Park Y-S, Chang M-S. Ankyrin Repeat-Rich Membrane Spanning (ARMS)/KIDINS220 

Scaffold Protein Regulates Neuroblastoma Cell Proliferation through p21. Mol Cells. 

2014;37(12):881-887.  

17.  Liao Y-H, Hsu S-M, Huang P-H. ARMS depletion facilitates UV irradiation induced apoptotic cell 

death in melanoma. Cancer Res. 2007;67(24):11547-11556.  

18.  Deswal S, Meyer A, Fiala GJ, et al. KIDINS220/ARMS Associates with B-Raf and the TCR, Promoting 

Sustained Erk Signaling in T Cells. J Immunol. 2013;190(5):1927-1935.  

19.  Fiala GJ, Janowska I, Prutek F, et al. KIDINS220/ARMS binds to the B cell antigen receptor and 

regulates B cell development and activation. J Exp Med. 2015;212(10):1693-1708.  

20.  Chang M-S, Arevalo JC, Chao MV. Ternary complex with Trk, p75, and an ankyrin-rich membrane 

spanning protein. J Neurosci Res. 2004;78(2):186-192.  

21.  Singh VB, Wooten AK, Jackson JW, Maggirwar SB, Kiebala M. Investigating the role of ankyrin-rich 

membrane spanning protein in human immunodeficiency virus type-1 Tat-induced microglia 

activation. J Neurovirol. 2015;21(2):186-198.  

22.  López-Benito S, Lillo C, Hernández-Hernández Á, Chao MV, Arévalo JC. ARMS/KIDINS220 and 

Synembryn-B levels regulate NGF-mediated secretion. J Cell Sci. 2016;129(9):1866-1877.  

23.  Arévalo JC, Pereira DB, Yano H, Teng KK, Chao MV. Identification of a Switch in Neurotrophin 

Signaling by Selective Tyrosine Phosphorylation. J Biol Chem. 2006;281(2):1001-1007.  

24.  Luo S, Chen Y, Lai K-O, et al. α-Syntrophin regulates ARMS localization at the neuromuscular 

junction and enhances EphA4 signaling in an ARMS-dependent manner. J Cell Biol. 

2005;169(5):813-824.  

25.  Riol-Blanco L, Iglesias T, Sánchez-Sánchez N, et al. The neuronal protein KIDINS220 localizes in a raft 

compartment at the leading edge of motile immature dendritic cells. Eur J Immunol. 

2004;34(1):108-118.  

Page 13 of 25

John Wiley & Sons

Genes, Chromosomes & Cancer

This article is protected by copyright. All rights reserved.



26.  Jean-Mairet RM, López-Menéndez C, Sánchez-Ruiloba L, et al. The neuronal protein 

KIDINS220/ARMS associates with ICAM-3 and other uropod components and regulates T-cell 

motility. Eur J Immunol. 2011;41(4):1035-1046. 

27.  Frossard N, Naline E, Olgart Höglund C, Georges O, Advenier C. Nerve growth factor is released by 

IL-1beta and induces hyperresponsiveness of the human isolated bronchus. Eur Respir J. 

2005;26(1):15-20.  

28.  Nockher WA, Renz H. Neurotrophins in allergic diseases: from neuronal growth factors to 

intercellular signaling molecules. J Allergy Clin Immunol. 2006;117(3):583-589.  

29.  Li N, Dong X, Yang C, Liu Y, Ni X. Expression of neuronal protein KIDINS220/ARMS in the spleen and 

peripheral blood of mice following airway allergen challenge. Mol Med Rep. 2013;8(6):1871-1875. 

30.  Ni X, Li X, Fang X, et al. KIDINS220/ARMS contributes to airway inflammation and hyper-

responsiveness in OVA-sensitized mice. Respir Physiol Neurobiol. 2011;175(1):97-103.  

31.  Ni X, Li X, Fang X, Li N, Cui W, Zhang B. NGF/TrkA-mediated KIDINS220/ARMS signaling activated in 

the allergic airway challenge in mice. Ann Allergy Asthma Immunol. 2010;105(4):299-306.  

32.  Gill AJ, Kolson DL. Chronic Inflammation and the Role for Cofactors (Hepatitis C, Drug Abuse, 

Antiretroviral Drug Toxicity, Aging) in HAND Persistence. Curr HIV/AIDS Rep. 2014;11(3):325-335.  

33.  Heaton RK, Clifford DB, Franklin DR, et al. HIV-associated neurocognitive disorders persist in the era 

of potent antiretroviral therapy: CHARTER Study. Neurology. 2010;75(23):2087-2096.  

34.  Sniderhan LF, Stout A, Lu Y, Chao MV, Maggirwar SB. Ankyrin-rich membrane spanning protein 

plays a critical role in nuclear factor-κb signaling. Mol Cell Neurosci. 2008;38(3):404-416.  

35.  López-Menéndez C, Gascón S, Sobrado M, et al. KIDINS220/ARMS downregulation by excitotoxic 

activation of NMDARs reveals its involvement in neuronal survival and death pathways. J Cell Sci. 

2009;122(19):3554-3565.  

36.  Gascón S, Sobrado M, Roda JM, Rodríguez-Peña A, Díaz-Guerra M. Excitotoxicity and focal cerebral 

ischemia induce truncation of the NR2A and NR2B subunits of the NMDA receptor and cleavage of 

the scaffolding protein PSD-95. Mol Psychiatry. 2008;13(1):99-114.  

37.  Gascón S, Deogracias R, Sobrado M, et al. Transcription of the NR1 Subunit of the N-Methyl-d-

aspartate Receptor Is Down-regulated by Excitotoxic Stimulation and Cerebral Ischemia. J Biol 

Chem. 2005;280(41):35018-35027.  

38.  López-Menéndez C, Gamir-Morralla A, Jurado-Arjona J, et al. KIDINS220 accumulates with tau in 

human Alzheimer’s disease and related models: modulation of its calpain-processing by GSK3β/PP1 

imbalance. Hum Mol Genet. 2013;22(3):466-482.  

Page 14 of 25

John Wiley & Sons

Genes, Chromosomes & Cancer

This article is protected by copyright. All rights reserved.



39.  Ballatore C, Lee VM-Y, Trojanowski JQ. Tau-mediated neurodegeneration in Alzheimer’s disease 

and related disorders. Nat Rev Neurosci. 2007;8(9):663-672.  

40.  Querfurth HW, LaFerla FM. Alzheimer’s Disease. N Engl J Med. 2010;362(4):329-344.  

41.  Scharfman HE, Chao MV. The Entorhinal Cortex and Neurotrophin Signaling in Alzheimer’s Disease 

and Other Disorders. Cogn Neurosci. 2013;4(0).  

42.  Gamir-Morralla A, Belbin O, Fortea J, et al. KIDINS220 Correlates with Tau in Alzheimer’s Disease 

Brain and Cerebrospinal Fluid. J Alzheimers Dis. 2017;55(4):1327-1333.  

43.  Kranz TM, Goetz RR, Walsh-Messinger J, et al. Rare variants in the neurotrophin signaling pathway 

implicated in schizophrenia risk. Schizophr Res. 2015;168(1):421-428.  

44.  Malaspina D, Kranz TM, Heguy A, et al. Prefrontal neuronal integrity predicts symptoms and 

cognition in schizophrenia and is sensitive to genetic heterogeneity. Schizophr Res. 2016;172(1-

3):94.  

45.  Kranz TM, Berns A, Shields J, et al. Phenotypically distinct subtypes of psychosis accompany novel 

or rare variants in four different signaling genes. EBioMedicine. 2016;6:206-214.  

46.  Josifova DJ, Monroe GR, Tessadori F, et al. Heterozygous KIDINS220/ARMS nonsense variants cause 

spastic paraplegia, intellectual disability, nystagmus, and obesity. Hum Mol Genet. 

2016;25(11):2158-2167.  

47.  Schmieg N, Thomas C, Yabe A, et al. Novel KIDINS220/ARMS Splice Isoforms: Potential Specific 

Regulators of Neuronal and Cardiovascular Development. PLOS ONE. 2015;10(6):e0129944.  

48.  Mero I-L, Mørk HH, Sheng Y, et al. Homozygous KIDINS220 loss-of-function variants in fetuses with 

cerebral ventriculomegaly and limb contractures. Hum Mol Genet. 2017;26(19):3792-3796.  

49.  Liao YH, Hsu SM, Yang HL, Tsai MS, Huang PH. Upregulated ankyrin repeat-rich membrane spanning 

protein contributes to tumour progression in cutaneous melanoma. Br J Cancer. 2011;104(6):982-

988.  

50.  Masamha CP, Benbrook DM. Cyclin D1 Degradation Is Sufficient to Induce G1 Cell Cycle Arrest 

despite Constitutive Expression of Cyclin E2 in Ovarian Cancer Cells. Cancer Res. 2009;69(16):6565-

6572.  

51.  Rogers DA, Schor NF. KIDINS220/ARMS is expressed in neuroblastoma tumors and stabilizes 

neurotrophic signaling in a human neuroblastoma cell line. Pediatr Res. 2013;74(5):517.  

52.  Rogers DA, Schor NF. KIDINS220/ARMS depletion is associated with the neural-to Schwann-like 

transition in a human neuroblastoma cell line model. Exp Cell Res. 2013;319(5):660-669.  

Page 15 of 25

John Wiley & Sons

Genes, Chromosomes & Cancer

This article is protected by copyright. All rights reserved.



53.  Misugi K, Aoki I, Kikyo S, Sasaki Y, Tsunoda A, Nakajima T. Immunohistochemical Study of 

Neuroblastoma and Related Tumors with Anti-S-100 Protein Antibody. Pediatr Pathol. 1985;3(2-

4):217-226.  

54.  Joshi VV. Peripheral neuroblastic tumors: pathologic classification based on recommendations of 

international neuroblastoma pathology committee (Modification of shimada classification). Pediatr 

Dev Pathol Off J Soc Pediatr Pathol Paediatr Pathol Soc. 2000;3(2):184-199. 

55.  Wang Y, Shao N, Mao X, et al. MiR-4638-5p inhibits castration resistance of prostate cancer 

through repressing KIDINS220 expression and PI3K/AKT pathway activity. Oncotarget. 

2016;7(30):47444.  

56.  Sakamoto K, Imamura T, Kanayama T, et al. Ph-like acute lymphoblastic leukemia with a novel 

PAX5-KIDINS220 fusion transcript. Genes Chromosomes Cancer. 2017;56(4):278-284.  

57.  Cobaleda C, Schebesta A, Delogu A, Busslinger M. Pax5: the guardian of B cell identity and function. 

Nat Immunol. 2007;8(5):463-470.  

58.  Medvedovic J, Ebert A, Tagoh H, Busslinger M. Chapter 5 - Pax5: A Master Regulator of B Cell 

Development and Leukemogenesis. In: Frederick W. Alt, ed. Advances in Immunology. Vol Volume 

111. Academic Press; 2011:179-206.  

59.  Auer F, Ingenhag D, Bhatia S, et al. GEMMs addressing Pax5 loss-of-function in childhood pB-ALL. 

Spec Issue Acute Lymphoblastic Leuk Prone Syndr. 2016;59(3):166-172.  

60.  O’Brien P, Morin P, Ouellette RJ, Robichaud GA. The Pax-5 Gene: A Pluripotent Regulator of B-cell 

Differentiation and Cancer Disease. Cancer Res. 2011;71(24):7345-7350.  

61.  Marracci S, Giannini M, Vitiello M, Andreazzoli M, Dente L. KIDINS220/ARMS is dynamically 

expressed during Xenopus laevis development. Int J Dev Biol. 2013;57(9-10):787-792.  

62.  Egger G, Liang G, Aparicio A, Jones PA. Epigenetics in human disease and prospects for epigenetic 

therapy. Nature. 2004;429(6990):457-463.  

63.  Fleuren EDG, Zhang L, Wu J, Daly RJ. The kinome “at large” in cancer. Nat Rev Cancer. 

2016;16(2):83-98.  

64.  Valverde AM, Sinnett-Smith J, Lint JV, Rozengurt E. Molecular cloning and characterization of 

protein kinase D: a target for diacylglycerol and phorbol esters with a distinctive catalytic domain. 

Proc Natl Acad Sci. 1994;91(18):8572-8576. 

65.  Durand N, Borges S, Storz P. Functional and therapeutic significance of protein kinase D enzymes in 

invasive breast cancer. Cell Mol Life Sci. 2015;72(22):4369-4382.  

Page 16 of 25

John Wiley & Sons

Genes, Chromosomes & Cancer

This article is protected by copyright. All rights reserved.



66.  Eiseler T, Döppler H, Yan IK, Kitatani K, Mizuno K, Storz P. Protein Kinase D1 regulates Cofilin 

mediated F-actin reorganization and cell motility via Slingshot. Nat Cell Biol. 2009;11(5):545.  

67.  Peterburs P, Heering J, Link G, Pfizenmaier K, Olayioye MA, Hausser A. Protein Kinase D Regulates 

Cell Migration by Direct Phosphorylation of the Cofilin Phosphatase Slingshot 1 Like. Cancer Res. 

2009;69(14):5634-5638.  

68.  Du C, Zhang C, Hassan S, Biswas MHU, Balaji KC. Protein Kinase D1 Suppresses Epithelial-to-

Mesenchymal Transition through Phosphorylation of Snail. Cancer Res. 2010;70(20):7810-7819.  

69.  Ha CH, Wang W, Jhun BS, et al. Protein Kinase D-dependent Phosphorylation and Nuclear Export of 

Histone Deacetylase 5 Mediates Vascular Endothelial Growth Factor-induced Gene Expression and 

Angiogenesis. J Biol Chem. 2008;283(21):14590-14599.  

70.  LaValle CR, George KM, Sharlow ER, Lazo JS, Wipf P, Wang QJ. Protein kinase D as a potential new 

target for cancer therapy. Biochim Biophys Acta. 2010;1806(2):183.  

71.  Li J, Chen LA, Townsend CM, Evers BM. PKD1, PKD2, and Their Substrate KIDINS220 Regulate 

Neurotensin Secretion in the BON Human Endocrine Cell Line. J Biol Chem. 2008;283(5):2614-2621.  

72.  Li G, Wang Y. Protein kinase D: a new player among the signaling proteins that regulate functions in 

the nervous system. Neurosci Bull. 2014;30(3):497-504.  

73.  Faulkner S, Jobling P, Rowe C, et al. Neurotrophin Receptors TrkA, p75NTR, and Sortilin are 

Increased and Targetable in Thyroid Cancer. Am J Pathol. October 2017.  

74.  Yu X, Liu Z, Hou R, Nie Y, Chen R. Nerve growth factor and its receptors on onset and diagnosis of 

ovarian cancer. Oncol Lett. 2017;14(3):2864-2868.  

75.  Wang T-C, Luo S, Lin C-L, Chang P-J, Chen M-F. Modulation of p75 neurotrophin receptor under 

hypoxic conditions induces migration and invasion of C6 glioma cells. Clin Exp Metastasis. 

2015;32(1):73-81.  

76.  De la Cruz-Morcillo MA, Berger J, Sánchez-Prieto R, et al. p75 neurotrophin receptor and pro-BDNF 

promote cell survival and migration in clear cell renal cell carcinoma. Oncotarget. 

2016;7(23):34480-34497.  

77.  Ahmad I, Yue WY, Fernando A, Clark JJ, Woodson EA, Hansen MR. p75NTR is highly expressed in 

vestibular schwannomas and promotes cell survival by activating nuclear transcription factor κB. 

Glia. 2014;62(10):1699-1712.  

78.  Jin H, Pan Y, Zhao L, et al. p75 neurotrophin receptor suppresses the proliferation of human gastric 

cancer cells. Neoplasia N Y N. 2007;9(6):471-478. 

Page 17 of 25

John Wiley & Sons

Genes, Chromosomes & Cancer

This article is protected by copyright. All rights reserved.



79.  Yuanlong H, Haifeng J, Xiaoyin Z, et al. The inhibitory effect of p75 neurotrophin receptor on 

growth of human hepatocellular carcinoma cells. Cancer Lett. 2008;268(1):110-119.  

80.  Truzzi F, Marconi A, Lotti R, et al. Neurotrophins and their receptors stimulate melanoma cell 

proliferation and migration. J Invest Dermatol. 2008;128(8):2031-2040.  

81.  Bapat AA, Munoz RM, Von Hoff DD, Han H. Blocking Nerve Growth Factor Signaling Reduces the 

Neural Invasion Potential of Pancreatic Cancer Cells. PloS One. 2016;11(10):e0165586.  

82.  Wang S, Zhao Y, Aguilar A, Bernard D, Yang C-Y. Targeting the MDM2-p53 Protein-Protein 

Interaction for New Cancer Therapy: Progress and Challenges. Cold Spring Harb Perspect Med. 

2017;7(5).  

  

Page 18 of 25

John Wiley & Sons

Genes, Chromosomes & Cancer

This article is protected by copyright. All rights reserved.



Figure legends 

Figure 1. Structural features of KIDINS220 and signaling pathways of neurotrophins through KIDINS220 

inducing cancer-related cellular processes. The pathways are multistep and involve several cellular 

proteins as indicated in the text and in references. ANK: Ankyrin repeats; WA: Walker A domain; WB: 

Walker B domain; PRD: Prolin-rich Domain; SAM: Sterile Alpha Motive; KIM: Kinesin-1 binding motif; 

PDZ: PDZ-binding Motif; Trks: Tropomyosin Receptor Kinases. 

 

Figure 2. Known or suggested associations between KIDINS220 and human pathologies. Proven 

molecular mechanisms or cellular modifications are indicated in italic. See text for abbreviations and 

explanations.  
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Table 1. Percentage of protein homology and identity between Kidins220 from human and different species. 

Sequences were obtained from PubMed and compared be alignment using EMBOSS Needle nucleotide 

alignment (EMBL-EBI website).   

Taxon Species Biological nomenclature Identity Homolog 

Mammalia 

Monkey Macaca mulatta 99.1% 99.5% 

Sumatran orangutan Pongo abelii 98.4% 98.6% 

Dog Canis lupus familiaris 96.9% 98.3% 

Cattle Bos Taurus(isoformX7) 93.6% 95.9% 

Rat Rattus norvegicus 93.1% 95.9% 

Mouse Mus musculus 92.9% 95.8% 

Elephant Loxodonta africana 92.9% 94.4% 

Rabbit Oryctolagus cuniculus 83.4% 86.7% 

Brandt's bat Myotis brandtii 74.4% 77.3% 

Aves 

Chicken Gallus gallus 86.4% 91.9% 

Zebra finch Taeniopygia guttata 86.1% 91.8% 

Reptilia 

Lizard Anolis carolinensis 85.0 % 91.4% 

Green sea turtle 

(Reptiles) 

Chelonia mydas 83.8% 89.2% 

Amphibia Frog Xenopus tropicalis 79.2% 87.6% 

Actinopterygii 

Zebrafish Dario rerio 70.0% 79.5% 

Tilapia Oreochromis niloticus 69.7% 79.5% 

Puffer fish Tetraodon nigroviridis 60.8% 69.1% 

Insecta 

 

Wasp Nasonia vitriopennis 34.2% 48.9% 

Pea aphid Acyrthosiphon pisum 34.2 % 50.2% 

Red Beetle Tribolium castaneum 33.2% 47.3% 

Buff-tailed bumble Bombus terrestris 31.2% 45.9% 
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Common bumblebee Bombus impatiens 31.1% 45.9% 

Carpenter ant Camponotus floridanus 29.5% 43.6% 

Yellow fever mosquito Culex quinquefasciatus 29.5% 43.6% 

Malaria mosquito Anopheles gambiae 28.9% 42.8% 

Fruit fly Drasophila melanogaster 28.6% 42.0% 

Jumping ant Harpegnathos saltator 26.4% 38.3% 

Chromadorea Pig roundworm Ascaris suum 27.1% 43.2% 

Secernentea 

Round worm Burgia malayi 26.4% 43.8% 

Worm Caenorhabditis briggsae 26.1% 4.8% 

Chromadorea 

Worm Caenorhabditis elegans 26.4% 42.7% 

Eye worm Loa loa 25.8% 42.1% 

Appendicularia Sea squirt Oikopleura dioica 25.1% 37.7% 

Hydrozoa Hydra Hydra vulgaris 20.1% 33.7% 

Adenophorea Pork worm Trichinella spiralis 11.7% 17.6% 
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Table 2. Cancer-related studies on Kidins220.  

Cancer type Sample / Model Observation Reference 

Melanoma Melanoma cell 

lines and 100 

clinical samples 

 

 

Kidins220 is overexpressed in melanoma 

samples and high expression of Kidins220 is 

associated with poor survival in patients. 

siRNA-mediated inhibition of Kidins220 is 

associated with decreased cell proliferation, 

colony formation, cell migration, in vivo 

growth and formation of metastasis, and with 

enhanced sensitivity to UVB radiations. 

17
 
49

 

Neuroblastoma Neuroblastoma cell 

line 

shRNA-mediated inhibition of Kidins220 is 

associated with decreased cell proliferation 

due to longer G1 phase  

16
 

Neuroblastoma Neuroblastoma cell 

lines and 62 clinical 

samples  

 

Protein expression in cell lines and mRNA 

expression in patient samples 

siRNA-mediated inhibition of Kidins220 is 

associated with a lower pERK response to NGF 

and morphological changes, but is not 

associated with cell migration or sensitivity to 

cancer drugs 

51
 
52

 

Prostate cancer Prostate cancer cell shRNA-mediated inhibition of Kidins220 is 
55
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lines and 48 clinical 

samples 

 

associated with decreased cell proliferation, 

vascluar development and in vivo tumor 

growth, and with increased apoptosis. The 

effects of Kidins220 in prostate cancer cells 

seems to be regulated by miR-4638-5p 

Acute 

Lymphoblastic 

Leukemia  

One clinical sample A fusion protein PAX5-Kidins220 is potentially 

associated with a lack of differentiation of B 

cells and an increased proliferation of leukemic 

cells.  

56
 

 

 

Page 23 of 25

John Wiley & Sons

Genes, Chromosomes & Cancer

This article is protected by copyright. All rights reserved.



  

 

 

Structural features of Kidins220 and signaling pathways of neurotrophins through Kidins220 inducing 
cancer-related cellular processes. The pathways are multistep and involve several cellular proteins as 

indicated in the text and in references. ANK: Ankyrin repeats; WA: Walker A domain; WB: Walker B domain; 
PRD: Prolin-rich Domain; SAM: Sterile Alpha Motive; KIM: Kinesin-1 binding motif; PDZ: PDZ-binding Motif; 

Trks: Tropomyosin Receptor Kinases.  
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