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ABSTRACT 

ROR2 is a WNT receptor involved in non-canonical Wnt signaling pathways. PRD and IgFLNA domains are 

functional domains for binding to downstream proteins that lead to cancer development. This study aimed to analyze 

mutations in the PRD-IgFLNA-ROR2 domain also the role of the WNT5A-ROR2 pathway involved in the development 

of breast cancer. The research sample was gDNA of breast cancer tissue provided by Saiful Anwar Regional Public 

Hospital, East Java, Indonesia. Mutation analysis was conducted using Sanger sequencing. The results of the analysis 

showed that there were no mutations in the PRD-ROR2 and IgFLNA-ROR2 domains. Based on this study, we suggest 

that the WNT5A-ROR2 pathway may involve in the incidence of breast cancer in the cases studied. Further analysis is 

required to give a clear picture of this finding.   
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1. INTRODUCTION 

WNT5A is currently widely known to be involved 

not only in various processes of normal development 

but also in cancer development regulation, both either as 

a tumor suppressor or as a cancer inducer since it is also 

reported to be overexpressed in the advanced 

development of certain cancers [1].  More than a decade 

ago this gene was reported as others’ WNT family 

members inhibitor, especially those of canonical WNTs 

[2,3]. Currently, breast cancer development takes its 

concerning path. In many cases, this type of cancer is 

even found in young age women yet has not experience 

in pregnancy or breastfeeding [4]. The usage of 

reproduction control pills is suspected to be a culprit 

besides an unhealthy lifestyle shared by teenagers [5].  

In Indonesia, by 2020 as many as 65,858 cases of 

breast cancer were diagnosed and contributed to the 

second cause of death after lung cancer with 22,430 

cases [6]. The has risk factors come from both non-

genetic and genetic factors including mutation in some 

cancer regulators genes. Non-genetic factors include the 

usage of hormonal contraception [5], chest radiation 

therapy [7], alcohol consumption [8], obesity [9], and in 

adult women including either having no children or 

never giving breastfeeding, and a history of long 

menstrual cycles [4]. Genetic factors include mutations 

in the BRCA1 and BRCA2 genes [10,11], TP53 [12], 

PALB2 [13], ATM [14], and overexpression or 

repression of WNT5A [15]. WNT5A overexpression was 

found in stage IV breast cancer cases in Malang [16]. It 

was associated with lymph node metastasis and 

lymphatic invasion [17], and this is contrary to the 

finding that low WNT5A expression triggers lymph node 

metastasis and proliferation in breast cancer [18]. This 

gene is one of WNT gene family members as briefly 

described above which bind to different membrane 

receptors, including Frizzled (FZD) family receptors, in 

corporation with low-density lipoprotein receptor-

related protein (LRP) 5/6 co-receptors or not, and many 

Advances in Biological Sciences Research, volume 22

7th International Conference on Biological Science (ICBS 2021)

Copyright © 2022 The Authors. Published by Atlantis Press International B.V.
This is an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 290

mailto:listyorini.aljabari@um.ac.id


  

 

other receptors, such as the tyrosine kinase-like 

receptors including Orphan receptors (ROR) 1 and 2, 

receptor-like tyrosine kinase (RTK), and protein 

tyrosine kinase-7 (PTK7), as well. WNT proteins play a 

role in intracellular and physiological processes 

including regulating cell proliferation, differentiation, 

survival, migration and polarity, embryogenesis, and 

tissue homeostasis by triggering different signaling 

pathways [19]. The inhibition or activation of the 

Wnt/β-catenin pathway by this gene is depending on the 

receptor WNT5A binds to [20]. The binding of WNT5A 

to the FZD4/LRP6 receptor complex activates ADP-

ribosylation factor 6 (ARF6), which triggers the nuclear 

transfer of β-catenin to activate the transcription factor 

of melanoma development regulator genes [21]. The 

binding of WNT5A to ROR2, on the other hand, inhibits 

the canonical WNT-β-catenin pathway via the WNT 

non-canonical Ca2+ pathway [22].  

In normal development, ROR2 plays a role in many 

morphogenesis processes, including bones, cartilage 

plates, and fingers growth [23]. Inhibition of ROR2 in 

osteoblast precursor mesenchymal cells causes 

dwarfism [24]. ROR1 and ROR2 are highly expressed in 

embryonic development, and their expression levels 

decrease after birth [25]. In later development, 

overexpression of ROR2 was reported in non-small cell 

lung cancer (NSCLC) which had been metastasized 

[26], triggered cell invasion [27,28], reduced cell 

adhesion [29], as well as metastasis in basal subtype 

breast cancer [28]. In contrast, knock-down of ROR2 

can increase cell adhesion [29], suppress proliferation, 

and induce apoptosis in breast cancer [30].  

ROR2 binds to Filamin A (FLNA) through the 

Proline-Rich Domain (PRD) of ROR2 [31], increasing 

the migration of melanoma and breast cancer cells. 

FLNA overexpression was found in lung cancer 

associated with metastases [32], melanomas that can 

induce cell migration [33], and breast cancers that 

metastasize to lymph nodes and vascular invasion [34]. 

FLNA silencing can inhibit cell invasion and migration 

in melanoma [35] and breast cancer [35,36]. This is 

contrary to the finding that low FLNA expression can 

increase metastasis, and inhibition of FLNA can increase 

motility and invasion of breast cancer cells  [37]. The 

PRD domain also binds to the proto-oncogene tyrosine-

protein kinase Src (c-Src). So that, it is increasing the 

invasion of breast cancer cells [38] and osteosarcoma 

[39–41].  

Based on the explanation above, it has known that 

the contradictory expression of WNT5A affects cancer 

metastasis which mutations in downstream proteins can 

cause. Several studies reported the binding of the PRD-

ROR2 domain to FLNA and c-Src plays a role in cancer 

development. The genomic conditions of breast cancer 

in different countries can be different, and there have 

been no reports of mutations in the PRD-ROR2 domain 

involved in the development of breast cancer. This study 

aimed to analyze the possible involvement of the 

WNT5A pathway through ROR2 in breast cancer 

development. 

2. METHODOLOGY  

2.1. Samples 

The DNA samples were obtained from fresh breast 

cancer tissue provided by Oncology-surgery Team of 

Saiful Anwar Public Hospital (RSSA) in Malang, East 

Java. Two samples of stage IIA (sample 1 and 2) and 

one sample of stage IIIB (sample 6), was determined 

based on TNM factors. This work was a part of the 

WNT5A breast cancer project under ethics No. 

400/209/K.3/302/2018 declared by The RSSA Research 

Ethics team.  

2.2. Target Gene Amplification 

The amplification of the PRD domain of ROR2 and 

Ig-domain of FLNA was performed using a Thermo 

Scientific™ DreamTaq™ PCR Master Mix with PRD 

primers were designed based on sequences of both 

genes provided by the National Center of Biotechnology 

Information (NCBI) using blast primer 

(ncbi.nlm.nih.gov). Each pair of primers were: forward 

5'-GTA TGC CCT CAT GAT CGA GT-3' and reverse 

5'-AGC TCA GTC TCT GGG ACA GA-3', for PRD 

domain of ROR2 and forward 5’-TGC TGG CCC TTG 

TAC TTC AC-3’ and reverse 5’-CCG GGT GAA AGA 

GAG CAT CA-3’ for Ig-FLNA. PCR cycle consisted of 

initial denaturation cycle of 95°C for 3 minutes, 40 

cycles of denaturation 95°C for one minute, annealing 

52°C for one minute, extension 72°C for 1 minute, and 

final extension 72°C for 10 minutes. Amplified 

fragments integrity examinations were carried out in 1% 

Agarose gel at 50 volts for 60 minutes using Mupid®-

Exu horizontal electrophoresis machine. The 

electrophoresis results were visualized using a UV 

transilluminator.  

2.3. Sequencing and Data Analysis 

PCR samples were sent to FirstBase Malaysia for 

sequencing process. The obtained sequences for both 

ROR2-PRD and FLNA-IG domains were analyzed using 

online BLAST analyzer for fragment confirmation and 

ClustalX for mutation analysis. 

3. RESULTS AND DISCUSSION 

3.1. Sample Pathology Profile 

The samples used were sample numbers 1, 2, and 6 

from RSUD dr. Saiful Anwar Malang. Based on the 

primary tumor (T), invasiveness towards lymph nodes 
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(N), and metastases (M) analyzed refer to the American 

Joint Committee on Cancer, samples 1 and 2 are at stage 

IIA, while sample #6 is at stage IIA. Stage IIIB (table 

1). From this TNM status, it is known that samples 1 

and 2 were still in the cancer/tumor growth stage, while 

sample 6 is in the metastatic stage.  

Table 1. Samples pathology profile 

No T N M 
Metastasis 

Location 
Stadium Position 

1 2 0 0 - IIA Sinistral 

2 2 0 0 - IIA Dextral 

3 4c 1 0 - IIIB Dextral 

3.2. PRD Domain of ROR2 and Ig-FLNA 

Mutation  

The results of the ROR2 PRD domain samples 1, 2, 

and 6 did not show any mutations (Figure 1). It is 

indicated that there was no change in the protein 

structure of ROR2 PRD domain. 

 

Figure 1 Multiple alignment samples 1,2 and 6 with 

PRD domain ROR2 from NCBI BC130522.1 

The binding between PRD and FLNA mediated by 

Src homology 3 (SH3) [42], plays a role in the 

formation of filopodia, lamellipodia, and microtubule-

organizing center (MTOC) through activation of c-Jun 

N-terminal kinase (JNK) [43] triggering breast cancer 

cell migration [31]. This is in accordance with the 

condition in sample 6 (stage IIIB) in the other case that 

the cancer cells have spread to the lymph nodes [44]. 

The PRD domain also binds to c-Src, activating 

phosphatidylinositol 3-kinase (PI3K)-phosphoinositide-

dependent kinase-1 (PD1K)-serine/threonine-protein 

kinase (AKT) increasing breast cancer cell proliferation 

[30]. This pathway is very likely to work in stage IIA 

where the tumor size is enlarged to 2-5 cm as in samples 

#1 and #2 [44]. In the case of osteosarcoma, c-Src 

activates the dishevelled (Dvl2)–Ras-related C3 

botulinum toxin substrate 1 (RAC1)–JNK pathway and 

induces MMP-13 transcription via binding of c-

Jun/ATF-2 to the AP-1 binding site in the MMP-13 

promoter [41] plays a role in the formation of 

invadopodia [39] and the development of osteosarcoma 

[40]. Both signaling pathways can trigger the expression 

of transforming growth factor-β, matrix 

metalloproteinase-2 (MMP-2), and MMP-9 leading to 

breast cancer cell invasion [45]. The normal PRD 

domain plays a role in the development of breast cancer. 

On the extracellular side, the role of ROR2 in cancer 

development is activated by binding to WNT ligands 

through the cysteine-rich domain (CRD) [46]. WNT5A 

is one of the ligands that activate the non-canonical 

pathway [47].  

ROR2 was activated by WNT5A on SK-BR-3 cells, 

WNT6 on T-47D cells, and WNT11 in  MCF-7 and BT-

474 cells. This proves that in different types of breast 

cancer, ROR2 is activated by different ligands [48]. 

WNT5A-ROR2 increases the invasion of Esophageal 

squamous cell carcinoma [49] and breast cancer through 

the MAPK/p28 pathway [27,31] and triggers epithelial-

mesenchymal transition (EMT) in osteosarcoma by 

inducing expression of matrix metalloproteinase-2 

(MMP-2) and matrix metalloproteinase-13 (MMP-13) 

[39,50]. WNT5A-ROR2 also triggers an increase in 

Ca2+ to activate the calpain protease to induce FLNA 

cleavage in motility and migration of melanoma cells 

WNT5B-ROR2 enhances osteosarcoma cell migration 

[51].  

Analysis of FLNA in repeat-20 of FLNA-Ig binding 

domain of all three samples showing no mutation was 

occurred (Figure 2). It seems that WNT5A-ROR2 plays 

a role in the development of cancer we studied. Since 

there are many pathways had known to be play roles in 

breast cancer development, the WNT5A-ROR2 pathway 

downstream c-Src gene is also required to be analyzed 

to confirm whether this signaling pathways was 

involved. ROR2 is also well known to facilitate another 

member of the WNT family genes in activating many 

cellular activities, including tumorigenesis and cancer 

development. As an example, the binding of ROR2 to 

the WNT11 ligand was also reported increasing breast 

cancer cells invasion through the rhodopsin (RHO) or 

Rho-associated Coiled-Coil Containing Protein (ROCK) 

pathway [48].  

On the other hand, WNT5A was reported to binds 

the ROR2-protein-tyrosine kinase-7 (PTK7) receptor 

complex and activate the JNK pathway in planar cell 

polarity  [52]. ROR2 and Frizzled7 (FZD7), via binding 

to the cysteine-rich domain (CRD), triggers DVL 

phosphorylation [53,54] and are involved in the 

proliferation of colorectal cancer cells [55]. In the case 

studied, WNT5A was expressed at stage IIIB [16], 

while at stage IIA, there were no reports. At stage IIIB, 

epithelial-mesenchymal transition (EMT) occurs. This 
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differentiation of epithelial cells into mesenchyme [56] 

involves actin cytoskeletal rearrangement, which 

triggers lamellipodia, filopodia, and invadopodia 

formations [57–59]. Cytoskeleton rearrangement is 

regulated by the JNK pathway [31,43] and the 

MAPK/p28 pathway [45], the downstream of the ROR 

pathway. Thus, our finding leads to the prediction that 

breast cancer development in the cases studied was in 

part regulated by the WNT5A-ROR2 pathway.  

Taken together, further studies examining other 

genes from other WNT5A pathways that might be 

involved are needed to be done to understand the whole 

story of our sample’s development until it becomes 

cancer tissues in different stages of development. It is 

expected to give a contribution to the understanding of 

WNT5A roles in breast cancer development due to its 

consistent performance in many cases.  

 

Figure 2 Multiple alignment samples 1,2 and 6 with Ig-

FLNA domain ROR2 from NCBI 000023.11 

Based on the results of this study, it can be 

concluded that there is no mutation in the PRD and Ig 

FLNA ROR2 domain. Further research needs to be done 

to determine the pathway involved in the development 

of breast cancer in this case. 

AUTHORS’ CONTRIBUTIONS 

The research is part of Genetic Profiling of Breast 

Cancer research project. The conceptualization of this 

project mostly completed by D.L., D.N., D.W.P., R.L.K, 

and V.R.; methodology development by R.L.K and 

D.L.; data collection and analysis by R.L.K.; D.L. and 

R.L.K prepared and wrote the original draft; D.N., 

DWP., S.K.H.I. prepared the English version of the 

manuscript; supervision was conducted by D.L; All 

authors have read and agreed to the published version of 

the manuscript. 

ACKNOWLEDGMENTS 

The author would like to extend our gratitute to Dr. 

dr. J.D.P. Wisnubroto, SpB.Onk, dr. Alfiyannul Akhsan, 

and Oncology Surgical Department Team of Saiful 

Anwar General Hospital (RSSA Malang) for providing 

fresh samples and collaboration during this research. 

Generous thanks to Research & Education Department 

of RSSA for their support on ethic documentation 

process. 

REFERENCES 

[1]  S.L. McDonald, A Silver, The opposing roles of 

Wnt-5a in cancer, Br J Cancer [Internet], 2009, pp. 

209–214. DOI : 10.1038/sj.bjc.6605174.  

[2]  S.J. Du, S.M. Purcell, J.L. Christian, L.L. McGrew, 

R.T. Moon, Identification of distinct classes and 

functional domains of Wnts through expression of 

wild-type and chimeric proteins in Xenopus 

embryos, Mol Cell Biol, 1995, pp. 2625–2634. 

DOI : 10.1128/MCB.15.5.2625 

[3]  Y. Komiya, R. Habas, Wnt signal transduction 

pathways, Organogenesis, 2008, pp. 68–75. DOI : 

10.4161/org.4.2.5851  

[4]  Y. Feng, M. Spezia, S. Huang, C. Yuan, Z. Zeng, 

L. Zhang, et al., Breast cancer development and 

progression: risk factors, cancer stem cells, 

signaling pathways, genomics, and molecular 

pathogenesis, Genes & Diseases, 2018, pp. 77–106. 

DOI : 10.1016/j.gendis.2018.05.001 

[5]  N.D. White, Hormonal contraception and breast 

cancer risk, Am J Lifestyle Med, 2018, pp. 224–

226. DOI : 10.1177/1559827618754833  

[6]  GLOBOCAN, Population Fact Sheets, 2020 [cited 

2020 Oct 3]. Available from: http://gco.iarc.fr 

Advances in Biological Sciences Research, volume 22

293

https://dx.doi.org/10.4161%2Forg.4.2.5851


  

 

[7]  C.S. Moskowitz, J.F. Chou, S.L. Wolden, J.L. 

Bernstein, J. Malhotra, D.N. Friedman, et al., 

Breast cancer after chest radiation therapy for 

childhood cancer, J Clin Oncol, 2014, pp. 2217–

2223. DOI : 10.1200/JCO.2013.54.4601  

[8]  J. Vieira, P. Matos, T. Mexia, P. Silva, N. Lopes, 

C. Freitas, et al., Green spaces are not all the same 

for the provision of air purification and climate 

regulation services: the case of urban parks, 

Environmental Research,  2018, pp. 306–313. DOI: 

10.1016/j.envres.2017.10.006  

[9]  M. Picon‐Ruiz, C. Morata‐Tarifa, J.J. Valle‐Goffin, 

E.R. Friedman, J.M. Slingerland, Obesity and 

adverse breast cancer risk and outcome: 

Mechanistic insights and strategies for 

intervention, CA Cancer J Clin, 2017, pp. 378–397. 

DOI : 10.3322/caac.21405  

[10]  S.G. Ayub, S. Rasool, T. Ayub, S.N. Khan, K.A. 

Wani, K.I. Andrabi, Mutational analysis of the 

BRCA2 gene in breast carcinoma patients of 

Kashmiri descent, Molecular Medicine Reports, 

2014, pp. 749–753. DOI : 10.3892/mmr.2013.1862  

[11]  A. Tazzite, H. Jouhadi, S. Nadifi, P. Aretini, E. 

Falaschi, A. Collavoli, et al., BRCA1 and BRCA2 

germline mutations in Moroccan breast/ovarian 

cancer families: novel mutations and unclassified 

variants, Gynecol Oncol, 2012, pp. 687–692. DOI : 

10.1016/j.ygyno.2012.03.007 

[12]  A. Koçak, K. Heselmeyer-Haddad, A. Lischka, D. 

Hirsch, D. Fiedler, Y. Hu, et al., High levels of 

chromosomal copy number alterations and TP53 

mutations correlate with poor outcome in younger 

breast cancer patients, The American Journal of 

Pathology, 2020, pp. 1643–1656. DOI : 

10.1016/j.ajpath.2020.04.015  

[13]  H.R.V. Kumar, M. Elancheran, S.R. Dhamotharan, 

J.C. Indrani, Novel PALB2 deleterious mutations 

in breast cancer patients from South Indian 

population, Gene Reports, 2019, pp. 100492. DOI : 

10.1016/j.genrep.2019.100492  

[14]  F.R. Mangone, E.C. Miracca, H.E. Feilotter, L.M. 

Mulligan, M.A. Nagai, ATM gene mutations in 

sporadic breast cancer patients from Brazil, 

SpringerPlus, 2015, pp. 23. DOI : 10.1186/s40064-

015-0787-z  

[15]  R. Zeng, J. Huang, M. Zhong, L. Li, G. Yang, L. 

Liu, et al., Multiple Roles of WNT5A in Breast 

Cancer, Med Sci Monit, 2016, pp. 5058–5067. DOI 

: 10.12659/MSM.902022 

[16]  D. Listyorini, J.D.P. Wisnubroto, A. Akhsan, 

V.V.C.M. Tanggo, I.K.K.G. Ardana, Z.O. 

Wardana, et al., Genetic profiling of breast cancer: 

a case study on Wnt and BRCA pathways, 

Yogyakarta, Indonesia, 2020, pp.  040028. DOI : 

10.1063/5.0015776  

[17]  Y. Kobayashi, T. Kadoya, A. Amioka, H. Hanaki, 

S. Sasada, N. Masumoto, et al., Wnt5a-induced cell 

migration is associated with the aggressiveness of 

estrogen receptor-positive breast cancer, 

Oncotarget, 2018, pp. 20979–20992. DOI : 

10.18632/oncotarget.24761 

[18]  Z. Zhong, M. Shan, J. Wang, T. Liu, Q. Shi, D. 

Pang, Decreased Wnt5a expression is a poor 

prognostic factor in triple-negative breast cancer, 

Med Sci Monit, 2016,  pp. 1–7. DOI: 

10.12659/msm.894821 

[19]  H.A. Baarsma, M. Königshoff, R. Gosens, The 

WNT signaling pathway from ligand secretion to 

gene transcription: molecular mechanisms and 

pharmacological targets, Pharmacol Ther, 2013, 

pp. 66–83. DOI: 10.1016/j.pharmthera.2013.01.002 

[20]  A.J. Mikels, R. Nusse, Purified Wnt5a protein 

activates or inhibits β-Catenin–TCF signaling 

depending on receptor context, Arias AM, editor, 

PLoS Biol, 2006, pp. e115. DOI: 

10.1371/journal.pbio.0040115  

[21]  A.H. Grossmann, J.H. Yoo, J. Clancy, L.K. 

Sorensen, A. Sedgwick, Z. Tong, et al., The small 

GTPase ARF6 stimulates β-Catenin transcriptional 

activity during WNT5A-Mediated melanoma 

invasion and metastasis, Sci Signal, 2013, pp. ra14. 

DOI : 10.1126/scisignal.2003398  

[22]  C.E. Ford, S.S. Qian Ma, A. Quadir, R.L. Ward, 

The dual role of the novel Wnt receptor tyrosine 

kinase, ROR2, in human carcinogenesis: ROR2 

and cancer, Int J Cancer, 2013, pp. 779–787. DOI : 

10.1002/ijc.27984  

[23]  S. Stricker, S. Mundlos, Chapter seven - FGF and 

ROR2 receptor tyrosine kinase signaling in human 

skeletal development, in: Birchmeier C, editor, 

Current Topics in Developmental Biology, 

Academic Press, 2011, pp. 179–206. DOI : 

10.1016/B978-0-12-385975-4.00013-9  

[24]  L. Lei, Z. Huang, J. Feng, Z. Huang, Y. Tao, X. 

Hu, et al., Loss of receptor tyrosine kinase-like 

orphan receptor 2 impairs the osteogenesis of 

mBMSCs by inhibiting signal transducer and 

activator of transcription 3, Stem Cell Res Ther, 

2020, pp. 137. DOI : 10.1186/s13287-020-01646-2  

[25]  T. Matsuda, M. Nomi, M. Ikeya, S. Kani, I. Oishi, 

T. Terashima, et al., Expression of the receptor 

tyrosine kinase genes, Ror1 and Ror2, during 

Advances in Biological Sciences Research, volume 22

294



  

 

mouse development, Mech Dev, 2001, pp. 153–

156. DOI : 10.1016/s0925-4773(01)00383-5  

[26]  C. Lu, X. Wang, H. Zhu, J. Feng, S. Ni, J. Huang, 

Over-expression of ROR2 and Wnt5a 

cooperatively correlates with unfavorable 

prognosis in patients with non-small cell lung 

cancer, Oncotarget, 2015, pp. 24912–24921. DOI : 

10.18632/oncotarget.4701  

[27]  M. Bayerlová, K. Menck, F. Klemm, A. Wolff, T. 

Pukrop, C. Binder, et al., Ror2 signaling and its 

relevance in breast cancer progression, Front 

Oncol, 2017, pp. 135. DOI : 

10.3389/fonc.2017.00135  

[28]  F. Klemm, A. Bleckmann, L. Siam, H.N. Chuang, 

E. Rietkötter, D. Behme, et al., β-catenin-

independent WNT signaling in basal-like breast 

cancer and brain metastasis, Carcinogenesis, 2011, 

pp. 434–442. DOI : 10.1093/carcin/bgq269  

[29]  C. Henry, A. Quadir, N.J. Hawkins, E. Jary, E. 

Llamosas, D. Kumar, et al., Expression of the 

novel Wnt receptor ROR2 is increased in breast 

cancer and may regulate both β-catenin dependent 

and independent Wnt signalling, J Cancer Res Clin 

Oncol, 2015, pp. 243–254. DOI : 10.1007/s00432-

014-1824-y  

[30]  M. Guo, G. Ma, X. Zhang, W. Tang, J. Shi, Q. 

Wang, et al., ROR2 knockdown suppresses breast 

cancer growth through PI3K/ATK signaling, Aging 

(Albany NY), 2020, pp. 13115–13127. DOI : 

10.18632/aging.103400  

[31]  M. Nishita, S.K. Yoo, A. Nomachi, S. Kani, N. 

Sougawa, Y. Ohta, et al., Filopodia formation 

mediated by receptor tyrosine kinase Ror2 is 

required for Wnt5a-induced cell migration, J Cell 

Biol, 2006, pp. 555–562. DOI : 

10.1083/jcb.200607127  

[32]  H. Uramoto, L.M. Akyürek, T. Hanagiri, A 

positive relationship between filamin and VEGF in 

patients with lung cancer, Anticancer Res, 2010,  

pp. 3939–3944.  

[33]  L.A. Flanagan, J. Chou, H. Falet, R. Neujahr, J.H. 

Hartwig, T.P. Stossel, Filamin A, the Arp2/3 

complex, and the morphology and function of 

cortical actin filaments in human melanoma cells, J 

Cell Biol, 2001, pp. 511–518. DOI : 

10.1083/jcb.200105148  

[34]  H.M. Tian, X.H. Liu, W. Han, L.L. Zhao, B. Yuan, 

C.J. Yuan, Differential expression of filamin A and 

its clinical significance in breast cancer, Oncology 

Letters, 2013, pp. 681–686. DOI : 

10.3892/ol.2013.1454  

[35]  X. Jiang, J. Yue, H. Lu, N. Campbell, Q. Yang, S. 

Lan, et al., Inhibition of Filamin-A reduces cancer 

metastatic potential, Int J Biol Sci, 2013, pp. 67–

77. DOI : 10.7150/ijbs.5577  

[36]  Z. Ji, L. Yang, J. Ni, S. Xu, C. Yang, P. Duan, et 

al., Silencing Filamin A inhibits the invasion and 

migration of breast cancer cells by up-regulating 

14-3-3σ, CURR MED SCI, 2018, pp. 461–466. 

DOI : 10.1007/s11596-018-1901-6  

[37]  Y. Xu, T.A. Bismar, J. Su, B. Xu, G. Kristiansen, 

Z. Varga, et al., Filamin A regulates focal adhesion 

disassembly and suppresses breast cancer cell 

migration and invasion, J Exp Med, 2010, pp. 

2421–2437. DOI : 10.1084/jem.20100433  

[38]  M. Guo, G. Ma, X. Zhang, W. Tang, J. Shi, Q. 

Wang, et al., ROR2 knockdown suppresses breast 

cancer growth through PI3K/ATK signaling, 

Aging, 2020, pp. 13115–13127. DOI : 

10.18632/aging.103400  

[39]  M. Enomoto, S. Hayakawa, S. Itsukushima, D.Y. 

Ren, M. Matsuo, K. Tamada, et al., Autonomous 

regulation of osteosarcoma cell invasiveness by 

Wnt5a/Ror2 signaling, Oncogene, 2009, pp. 3197–

3208.  DOI : 10.1038/onc.2009.175 

[40]  D.J. Papachristou, A. Batistatou, G.P. Sykiotis, I. 

Varakis, A. G. Papavassiliou, Activation of the 

JNK-AP-1 signal transduction pathway is 

associated with pathogenesis and progression of 

human osteosarcomas, Bone, 2003, pp. 364–71. 

DOI : 10.1016/s8756-3282(03)00026-7 

[41]  K. Yamagata, X. Li, S. Ikegaki, C. Oneyama, M. 

Okada, M. Nishita, et al., Dissection of Wnt5a-

Ror2 signaling leading to matrix metalloproteinase 

(MMP-13) expression, J Biol Chem, 2012, pp. 

1588–1599. DOI : 10.1074/jbc.M111.315127 

[42]  N. Kurochkina, U. Guha, SH3 domains: modules 

of protein–protein interactions, Biophys Rev, 2012, 

pp. 29–39. DOI : 10.1007/s12551-012-0081-z  

[43]  A. Nomachi, M. Nishita, D. Inaba, M. Enomoto, 

M. Hamasaki, Y. Minami, Receptor tyrosine kinase 

Ror2 mediates Wnt5a-induced polarized cell 

migration by activating c-Jun N-terminal kinase via 

actin-binding protein filamin A, J Biol Chem, 

2008, pp. 27973–27981. DOI : 

10.1074/jbc.M802325200 

[44]  J. Koh, M.J. Kim, Introduction of a new staging 

system of breast cancer for radiologists: an 

emphasis on the prognostic stage, Korean J Radiol, 

2019, pp. 69–82. DOI : 10.3348/kjr.2018.0231  

[45]  J. Xu, J. Shi, W. Tang, P. Jiang, M. Guo, B. Zhang, 

et al., ROR2 promotes the epithelial‐mesenchymal 

Advances in Biological Sciences Research, volume 22

295



  

 

transition by regulating MAPK/p38 signaling 

pathway in breast cancer, J Cell Biochem, 2020, 

pp. 4142–4153. DOI : 10.1002/jcb.29666  

[46]  J. Green, R. Nusse, R. van Amerongen, The role of 

ryk and ror receptor tyrosine kinases in Wnt signal 

transduction, Cold Spring Harb Perspect Biol, 

2014, pp. a009175. DOI : 

10.1101/cshperspect.a009175  

[47]  I. Oishi, H. Suzuki, N. Onishi, R. Takada, S. Kani, 

B. Ohkawara, et al., The receptor tyrosine kinase 

Ror2 is involved in non-canonical Wnt5a/JNK 

signalling pathway, Genes Cells, 2003, pp. 645–

654.  DOI : 10.1046/j.1365-2443.2003.00662.x  

[48]  K. Menck, S. Heinrichs, D. Wlochowitz, M. Sitte, 

H. Noeding, A. Janshoff, et al., WNT11 is a novel 

ligand for ROR2 in human breast cancer, Cancer 

Biology, 2020, DOI : 10.1101/2020.12.18.423402 

[49]  X. Wu, T. Yan, L. Hao, Y. Zhu, Wnt5a induces 

ROR1 and ROR2 to activate RhoA in esophageal 

squamous cell carcinoma cells, CMAR, 2019, pp. 

2803–2815. DOI : 10.2147/CMAR.S190999  

[50]  D. Ren, Y. Minami, M. Nishita, Critical role of 

Wnt5a-Ror2 signaling in motility and invasiveness 

of carcinoma cells following Snail-mediated 

epithelial-mesenchymal transition, Genes Cells, 

2011, pp. 304–315. DOI: 10.1111/j.1365-

2443.2011.01487.x.  

[51]  M.P. O’Connell, J.L. Fiori, M. Xu, A.D. Carter, 

B.P. Frank, T.C. Camilli, et al., The orphan 

tyrosine kinase receptor, ROR2, mediates Wnt5A 

signaling in metastatic melanoma, Oncogene, 

2010, pp. 34–44. DOI : 10.1038/onc.2009.305 

[52]  S. Martinez, P. Scerbo, M. Giordano, A.M. Daulat, 

A.C. Lhoumeau, V. Thomé, et al., The PTK7 and 

ROR2 protein receptors interact in the vertebrate 

WNT/Planar Cell Polarity (PCP) pathway, J Biol 

Chem, 2015, pp. 30562–30572. DOI: 

10.1074/jbc.M115.697615 

[53]  J. Curto, B. Del Valle‐Pérez, A. Villarroel, G. 

Fuertes, M. Vinyoles, R. Peña, et al., CK1ε and 

p120‐catenin control Ror2 function in 

noncanonical Wnt signaling, Mol Oncol, 2018, pp. 

611–629. DOI : 10.1002/1878-0261.12184  

[54]  S. Kani, I. Oishi, H. Yamamoto, A. Yoda, H. 

Suzuki, A. Nomachi, et al., The receptor tyrosine 

kinase Ror2 associates with and is activated by 

casein kinase Iepsilon, J Biol Chem, 2004, pp. 

50102–50109. DOI : 10.1074/jbc.M409039200 

[55]  O. Voloshanenko, U. Schwartz, D. Kranz, B. 

Rauscher, M. Linnebacher, I. Augustin, et al., β-

catenin-independent regulation of Wnt target genes 

by RoR2 and ATF2/ATF4 in colon cancer cells, 

Sci Rep, 2018, pp. 3178. DOI : 10.1038/s41598-

018-20641-5  

[56]  S.E. Leggett, A.M. Hruska, M. Guo, I.Y. Wong, 

The epithelial-mesenchymal transition and the 

cytoskeleton in bioengineered systems, Cell 

Communication and Signaling, 2021, p: 32. DOI : 

10.1186/s12964-021-00713-2  

[57]  K. Karamanou, M. Franchi, D. Vynios, S. 

Brézillon, Epithelial-to-mesenchymal transition 

and invadopodia markers in breast cancer: Lumican 

a key regulator, Seminars in Cancer Biology, 2020, 

pp. 125–33. DOI: 

10.1016/j.semcancer.2019.08.003  

[58]  G. Mantovani, D. Treppiedi, E. Giardino, R. 

Catalano, F. Mangili, P. Vercesi, et al., 

Cytoskeleton actin-binding proteins in clinical 

behavior of pituitary tumors, Endocrine-Related 

Cancer, 2019, pp. 95–108. DOI : 10.1530/ERC-18-

0442  

[59]  J. Shankar, I.R. Nabi, Actin cytoskeleton regulation 

of epithelial mesenchymal transition in metastatic 

cancer cells, PLoS One, 2015, pp. e0119954. DOI : 

10.1371/journal.pone.0119954 

 

Advances in Biological Sciences Research, volume 22

296


