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Abstract
Cell proliferation and migration are cellular processes essential to normal cell function; errors in these cellular processes
impact the ability of a cell to maintain cellular homeostasis. The current study examines the role of Asef, a GEF for Rac1,
in cell proliferation and migration in the presence or absence of EGF in a triple negative breast cancer epithelial cell line.
Overexpression of Asef reduced stress fiber formation and increased cell migration and proliferation in MDA-MB-231
epithelial cells. These data indicate a role for Asef in the EGFR/Rac1 signaling cascade involved in regulating cellular
behavior.

Figure 1. Asef-HA overexpression in MDA-MB-231 breast epithelial cancer cells causes changes in protein
localization, cell migration, and cell proliferation:

Human MDA-MB-231 breast cancer epithelial cells were transfected with Asef-HA (green) and allowed to express for 24
hours before treatment with 10 ng/ml of EGF for 24 hours.  (A) In the absence of EGF, Asef and Rac1 (red) localize to the
cytoplasm and membrane. In the presence of EGF for 24 hours, Rac1 colocalizes with Asef at the cell membrane (arrows).
Scale bar: 40 µm.  (B) Asef localizes to the cytoplasm and membrane ruffles (arrows) in cells with and without EGF
treatment. In the absence of EGF, EGFR (red) localizes to the cell membrane and cytoplasm in Asef-HA expressing cells
(arrowhead). Cells treated with EGF for 24 hours caused a minor shift in EGFR localization from the membrane to
vesicle-like structures inside the cell (arrowhead). Scale bar: 40 µm.  (C) Asef localizes to the cytoplasm and membrane
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ruffles (arrows) in cells with and without EGF treatment. Cortical Actin (red) appears unchanged in Asef-HA expressing
cells (arrowhead). Cells expressing Asef-HA show reduced stress fibers extending across the cell (asterisks) compared to
untransfected cells (arrows) in the presence or absence of EGF for 24 hours. Scale bar: 40 µm. (D) MDA-MB-231 cell
monolayers overexpressing HA-only or Asef-HA were scratched and imaged over 24 hours in the presence or absence of
EGF. The width of the wound was measured using ImageJ and plotted to examine wound width over time. Asef-HA
expressing cells, regardless of EGF treatment, migrated faster than control cells; however, Asef-HA expressing cells
without EGF treatment showed a significant increase in migration at 12 and 24 hour time points compared to HA only
expressing cells. (**P < 0.005; n=3 measurements of each group).  (E) MDA-MB-231 cell monolayers overexpressing
HA-only or Asef-HA were serum-starved and treated with 10 ng/ml of EGF for 24 hours. Following EGF-treatment, MTT
reagent was added, cells were solubilized with DMSO, and absorbance was read at 570 nm. Asef-HA expressing cells in
the absence of EGF treatment showed a significant increase in cell proliferation compared to untransfected cells (*P <
0.05; n=3 measurements of each group).  (F) Model of the Rho GTPase signaling pathway demonstrating how Asef could
be recruited downstream of EGFR signaling to regulate Rac1 activation and stimulate cell proliferation and migration. 

Description
Breast cancer is not a single disease, but rather a group of diverse diseases with different subtypes. Breast cancers are
organized into subtypes distinguished by the absence or presence of certain proteins on the cancer cells (Fragomeni et al.,
2018). Triple negative breast cancers (TNBCs) are a subtype of breast cancer characterized by the absence of three
receptors: estrogen receptor (ER), progesterone receptors (PR), and human epidermal growth factor 2 (HER2) (Yin et al.,
2020). The TNBC subtype is both invasive and aggressive and occurs more frequently in younger women and African
American women (Hines et al., 2011). Understanding the specific subtype of breast cancer is crucial for determining the
most effective treatment options. The ductal carcinoma TNBC epithelial cell line, MDA-MD-231, is commonly used to
study invasive breast cancer and metastasis due to its highly invasive and migratory nature (Amaro et al., 2016). 

Cell adhesion, proliferation and migration are three critical cellular processes required for tissues to maintain homeostasis.
When one or all of these cellular processes become unregulated, for example in cancer, this can lead to uncontrolled cell
growth and metastasis (Hanahan & Weinberg, 2011). Various molecules have been identified that are involved in
maintaining the balance of these cellular processes under normal conditions. Rho GTPases are a family of proteins that act
as molecular switches that can be activated by guanine nucleotide exchange factors (GEFs) (Lawson & Ridley, 2017). The
Rho GTPase Rac1 has been shown to regulate the actin cytoskeleton and cell proliferation by working downstream of the
receptor tyrosine kinase, epidermal growth factor receptor (EGFR) and its ligand, epidermal growth factor (EGF), to
regulate various kinase pathways (Dise et al., 2008; Itoh et al., 2008). Dimerization of EGFR leads to the phosphorylation
of different proteins along these pathways involved in regulating gene expression and activation of proteins involved in
promoting cell migration, adhesion, and proliferation (Wee & Wang, 2017). Adenomatous Polyposis Coli (APC)-
stimulated guanine nucleotide-exchange factor, Asef, is a GEF that activates Rac1 to promote cell migration by reducing
cell-cell adhesions and remodeling the actin cytoskeleton (Kawasaki et al., 2000, 2010). In colorectal cancer, APC can
activate Asef, leading to enhanced migration and invasion (Mitin et al., 2007). 

The MDA-MB-231 cell line serves as a valuable model for studying breast cancer proliferation and invasion due to the
presence or absence of molecules involved in maintaining normal cell function. MDA-MB-231 cells express Rac1 and are
responsive to EGF stimulation (Davidson et al., 1987; Veber et al., 1994). However, it is currently unknown how EGFR
activation impacts the regulatory molecules, Asef and Rac1, along with cell migration and proliferation in MDA-MB-231
cells. The current study aims to examine the role of Asef in cell proliferation and migration in the presence of EGF in
MDA-MB-231 cells. We hypothesize that due to the regulatory nature of Asef on Rac1, overexpression of Asef in the
presence of EGFR signaling pathway will lead to changes in the protein localization and an increase in proliferation and
cell migration due to activation of downstream signaling pathways. 

Asef-HA (Kawasaki et al., 2000) was overexpressed in MDA-MB-231 cells using a lipid-based transfection approach and
protein localization of Rac1, EGFR, and actin was observed in untreated and EGF-treated cells. Using
immunofluorescence, Asef-HA overexpressing cells show Asef both in the cytosol and at the cell membrane co-localizing
with endogenous EGFR and Rac1 protein in untreated cells and cells treated with EGF for 24 hours (Figure 1A-B). The
increased protein localization for Asef and Rac1 at the membrane suggests a possible interaction of the proteins to control
cell migration (Figure 1A). Kawasaki, et al. previously showed that Asef promotes the activation of the Rac1 protein,
exchanging GDP for GTP, in endothelial cells (Kawasaki et al., 2010). Additional studies are required to determine if
there is a direct interaction between the overexpressed Asef-HA protein and Rac1-GTP at the membrane. 

EGFR protein appears to internalize into small vesicular structures after EGF stimulation (Figure 1B), suggesting
activation of the receptor and downstream cellular pathways (Pennock & Wang, 2003). Due to the shift of EGFR from the
membrane to internal vesicular structures in the presence of EGF and previous studies which have examined the impact of
EGFR internalization on actin remodeling and cell migration (Pinilla-Macua et al., 2025), actin organization in Asef-HA
expressing cells was examined. Actin organization provides a critical scaffold to cellular organization and structure and is
represented by two different and interconnected cytoskeletal structures: cortical and stress fibers (Vallenius, 2013).
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Cortical actin forms a meshwork for actin filaments beneath the cell membrane and is involved in controlling cell shape
by locally modifying cortical tension (Chalut & Paluch, 2016). Stress fibers are organized as bundles of actin filaments
and play a role in cell migration, adhesion, and mechanosensing, particularly in the context of cancer. These structures are
involved in cell migration and linked to cell stiffness, which can either promote or inhibit migration depending on the
specific context and cell type (Fischer et al., 2021; Tavares et al., 2017). To determine the impact of Asef on actin filament
organization, MDA-MB-231 cells were transfected with Asef-HA. Stress fibers appear to be reduced in Asef-HA
expressing cells (asterisks), with or without EGF, as compared to cortical actin, which remains unchanged in both
untreated and EGF-treated cells (Figure 1C). The loss of stress fiber formation in Asef-HA cells in comparison to
untransfected cells suggests the cells have lost their stability and may be more susceptible to movement. 

The lack of stress fiber formation in Asef-HA expressing cells suggests that the cells may be more migratory in nature. To
determine if overexpressed Asef leads to an increase in cell migration, a wound healing assay was performed in MDA-
MB-231 cells overexpressing Asef-HA. Data indicate that cells overexpressing Asef-HA with or without EGF for 24
hours migrate faster compared to HA only expressing cells (Figure 1D). Quantitative analysis shows a significant increase
in proliferation at 12 and 24 hours between HA-only cells and Asef-HA without EGF stimulation in comparison to cells
under EGF stimulation (Figure 1D). These data support the hypothesis that overexpression of Asef-HA in MDA-MB-231
cells activates pathways that lead to increased cell migration, by possibly impacting actin organization and turnover at the
leading edges of cells (Tian et al., 2015). This is further validated by the reorganization and distribution of key molecules
involved in migration, namely EGFR, Rac1, and actin filament organization (Figure 1A-C) and that Rac1 serves as a relay
protein between EGFR and cell migration (Dise et al., 2008). The lack of significance between HA-only cells and Asef-
HA with EGF treatment suggests that the EGF concentration was not sufficient to induce a response. Previous studies
have shown that EGF at a 10 fold higher concentration appears to have more of an impact on MDA-MB-231 cell
migration (Kozlova et al., 2016) than lower concentrations. Future studies will determine if higher EGF concentrations
lead to significant changes in cell proliferation and migration over basal conditions in cells overexpressing Asef. 

Internalization of EGFR via EGF binding, as observed in Figure 1B, may lead to activation of cyclins and/or other cell
division regulators to promote an increase in cell proliferation. Furthermore, the EGFR pathway is frequently implicated
in cancer development and progression, as it can drive uncontrolled cell growth and division (X. Song et al., 2020; Z.
Song et al., 2016). To determine if the activation of EGFR leads to possible increase in MDA-MB-231 cell proliferation
due to downstream pathways becoming activated, a MTT assay was performed on control and Asef-HA transfected cells.
Data show a significant increase in proliferation in Asef-HA without EGF-stimulation compared to HA-only cells and
there was no significant change in Asef-HA with 10 ng/ml EGF for 24 hours (Figure 1E). Similar to the wound healing
assay, the lack of significance between control cells and Asef-HA with EGF treatment suggests that the EGF concentration
may not be sufficient. These data support the hypothesis that overexpression of Asef-HA in MDA-MB-231 cells may
activate pathways that lead to cell proliferation (Lo & Hung, 2006; Pennock & Wang, 2003). Additional studies are
required to determine which pathways are responsible for the increased cell proliferation and the impact of EGFR
signaling on cell proliferation. 

Our findings show that Asef overexpression impacts actin filament remodeling and increases cell migration and
proliferation in a metastatic breast cancer cell line. Mutated versions of APC and Asef have been implicated in colon
cancer cell migration and invasion (Yang et al., 2021), and we extend the role of Asef into a highly invasive and
aggressive epithelial breast cancer subtype. Asef is primarily known for its role in APC-Wnt signaling (Kawasaki et al.,
2000); however, Asef and Rac1 were shown to be involved in the EGFR pathway and may be a possible molecular target
to consider in understanding the aggressiveness of triple negative breast cancer (Itoh et al., 2008). Future work aims to
explore the connection of Asef to signaling proteins involved in controlling cell proliferation and how Asef regulates Rac1
and actin organization in the presence of EGF to control cell motility. 

Methods
Cell Culture 

Triple negative ductal breast carcinoma epithelial cell line MDA-MB-231 (ATCC) were grown in Dulbecco's Modified
Eagle Serum (DMEM) high glucose media (Thermo Fisher Scientific) with 10% fetal bovine serum and 1% penicillin-
streptomycin-glutamine (Thermo Fisher Scientific). Cells were incubated under the following conditions: 5% CO2 and
37˚C. 

Transfection 

MDA-MB-321 cells were transfected with pcDNA 3.1-HA Asef (human) full length plasmid (provided by Tetsu Akiyama
lab, University of Tokyo, (Kawasaki et al., 2000)) using Lipofectamine 2000 diluted in Opti-MEM (Thermo Fisher
Scientific) following product recommendations. As a control for proliferation and scratch assays, cells were transfected
with pcDNA 3.1-HA plasmid alone. Transfected cells were incubated for 24 hours in antibiotic-free media before being
replated in various well formats for various assays. 
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Immunofluorescence 

Transfected MDA-MB-231 cells (with or without Asef-HA) were placed on rat tail collagen-coated coverslips in serum-
free media (DMEM with 1% penicillin-streptomycin-glutamine) and treated with or without 10 ng/mL of EGF for 24
hours. Cells were fixed using 4% paraformaldehyde 48 hours post-transfection. To localize HA, Rac1, and EGFR, cells
were blocked and labeled with primary antibodies for HA (Roche), Rac1 (BD Biosciences) and EGFR (Thermo Fisher
Scientific) followed by secondary antibodies conjugated to Alexa Fluor 488 and 594 (Thermo Fisher Scientific). Actin
filaments and nuclei were labeled using Phalloidin 594 and Hoechst 33342 DNA stains, respectively (Thermo Fisher
Scientific). Cells were imaged using the Leica STELLARIS Inverted Spectral Live Cell Confocal Microscope. 

Scratch Assay (Wound Healing) 

Transfected MDA-MB-231 cells (with or without Asef-HA) were placed on rat tail collagen-coated 12 well plates and
allowed to form a monolayer in serum free media. Monolayers were scratched 24 hours later using a sterile 200 µL pipette
tip, washed using phosphate-buffered saline (PBS) to remove debris, and incubated in serum-free media treated with or
without 10 ng/mL of EGF for 24 hours. Images were captured at 0, 4, 8, 12 and 24 hours. The area between both sides of
the scratch were quantified after each image time stamp to determine the wound closure distance using ImageJ software.
Distance of wound closure for each group at each time point was measured in µm using ImageJ (pixels per micron was
determined using scale bar) and plotted to display the width of the wound closure over time. 

Proliferation (MTT) Assay 

Transfected MDA-MB-231 cells (with or without Asef-HA) were placed in a 96-well tissue culture-treated plate in serum
free media. Cells were treated with or without 10 ng/mL of EGF for 24 hours before adding 10 µL of a 5 mg/mL stock of
MTT reagent per well and incubated for three hours. After three hours, the MTT reagent was removed and 100µL DMSO
was added to each well to solubilize cells, and the optical density was measured at 570 nm (Tecan Plate Reader). Percent
viability was calculated for each well and normalized against the control (HA-only). 

Statistical Analysis 

For the scratch assay, a multiple unpaired t-test analysis was performed to determine the significance at each time point.
Three biological replicates (independent wells) were analyzed for each group. For the proliferation (MTT) assay, an
unpaired t-test was used to determine significance between the treated groups compared to the control. Three biological
replicates (independent wells) were analyzed for each group. All data was graphed using GraphPad Prism. 

Reagents

Plasmid Description Source

pcDNA 3.1-HA- Asef Full length Asef (human) 
Tetsu Akiyama lab, 

University of Tokyo

Cell Line Description Source

MDA-MB-231 

Human Epithelial Breast Tissue isolated from 

Mammary Gland; 

Adenocarcinoma

ATCC

Catalog #: HTB-26 

Antibodies Dilution Source

Phalloidin 594 1:400 
Thermo Fisher Scientific

Catalog #: A12381

Alexa Goat anti Rabbit 488 1:800 
Thermo Fisher Scientific 

Catalog #: A-11008

Alexa Goat anti Mouse 594 1:800 
Thermo Fisher Scientific

Catalog #: A-11005
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HA (Rabbit) 1:500 
Abcam

Catalog #: ab9110

Rac1 (Mouse) 1:200 
BD Biosciences

Catalog #: 610651

EGFR (Mouse) 1:200 
Thermo Fisher Scientific

Catalog #: MA513269

Hoechst 33342 DNA stain 1 µg/ml final 
Thermo Fisher Scientific

Catalog #: H3570

Acknowledgements: The authors thank the SMC School of Science for their support of this project and the Cell Biology
Education Consortium (CBEC) for feedback and comments on the manuscript.

References
Amaro A, Angelini G, Mirisola V, Esposito AI, Reverberi D, Matis S, et al., Pfeffer. 2016. A highly invasive
subpopulation of MDA-MB-231 breast cancer cells shows accelerated growth, differential chemoresistance, features of
apocrine tumors and reduced tumorigenicityin vivo. Oncotarget 7: 68803-68820. DOI: 10.18632/oncotarget.11931

Chalut KJ, Paluch EK. 2016. The Actin Cortex: A Bridge between Cell Shape and Function. Developmental Cell 38: 571-
573. DOI: 10.1016/j.devcel.2016.09.011

Davidson NE, Gelmann EP, Lippman ME, Dickson RB. 1987. Epidermal Growth Factor Receptor Gene Expression in
Estrogen Receptor-Positive and Negative Human Breast Cancer Cell Lines. Molecular Endocrinology 1: 216-223. DOI:
10.1210/mend-1-3-216

Dise RS, Frey MR, Whitehead RH, Polk DB. 2008. Epidermal growth factor stimulates Rac activation through Src and
phosphatidylinositol 3-kinase to promote colonic epithelial cell migration. American Journal of Physiology-
Gastrointestinal and Liver Physiology 294: G276-G285. DOI: 10.1152/ajpgi.00340.2007

Fischer RS, Sun X, Baird MA, Hourwitz MJ, Seo BR, Pasapera AM, et al., Waterman. 2021. Contractility, focal adhesion
orientation, and stress fiber orientation drive cancer cell polarity and migration along wavy ECM substrates. Proceedings
of the National Academy of Sciences 118: 10.1073/pnas.2021135118. DOI: 10.1073/pnas.2021135118

Fragomeni SM, Sciallis A, Jeruss JS. 2018. Molecular Subtypes and Local-Regional Control of Breast Cancer. Surgical
Oncology Clinics of North America 27: 95-120. DOI: 10.1016/j.soc.2017.08.005

Hanahan D, Weinberg RA. 2011. Hallmarks of Cancer: The Next Generation. Cell 144: 646-674. DOI:
10.1016/j.cell.2011.02.013

Hines LM, Risendal B, Byers T, Mengshol S, Lowery J, Singh M. 2011. Ethnic Disparities in Breast Tumor Phenotypic
Subtypes in Hispanic and Non-Hispanic White Women. Journal of Women's Health 20: 1543-1550. DOI:
10.1089/jwh.2010.2558

Itoh RE, Kiyokawa E, Aoki K, Nishioka T, Akiyama T, Matsuda M. 2008. Phosphorylation and activation of the Rac1 and
Cdc42 GEF Asef in A431 cells stimulated by EGF. Journal of Cell Science 121: 2635-2642. DOI: 10.1242/jcs.028647

Kawasaki Y, Jigami T, Furukawa S, Sagara M, Echizen K, Shibata Y, Sato R, Akiyama T. 2010. The Adenomatous
Polyposis Coli-associated Guanine Nucleotide Exchange Factor Asef Is Involved in Angiogenesis. Journal of Biological
Chemistry 285: 1199-1207. DOI: 10.1074/jbc.M109.040691

Kawasaki Y, Senda T, Ishidate T, Koyama R, Morishita T, Iwayama Y, Higuchi O, Akiyama T. 2000. Asef, a Link
Between the Tumor Suppressor APC and G-Protein Signaling. Science 289: 1194-1197. DOI:
10.1126/science.289.5482.1194

Kozlova N, Samoylenko A, Drobot L, Kietzmann T. 2015. Urokinase is a negative modulator of Egf‐dependent
proliferation and motility in the two breast cancer cell lines MCF‐7 and MDA‐MB‐231. Molecular Carcinogenesis 55:
170-181. DOI: 10.1002/mc.22267

Lawson CD, Ridley AJ. 2017. Rho GTPase signaling complexes in cell migration and invasion. Journal of Cell Biology
217: 447-457. DOI: 10.1083/jcb.201612069

 

6/24/2026 - Open Access

https://www.thermofisher.com/order/catalog/product/H3570?tsid=Email_POE_OC_OrderCo%3Cwbr/%3Enfirm%20%0D%20_SKULINK
https://doi.org/10.18632/oncotarget.11931
https://doi.org/10.1016/j.devcel.2016.09.011
https://doi.org/10.1210/mend-1-3-216
https://doi.org/10.1152/ajpgi.00340.2007
https://doi.org/10.1073/pnas.2021135118
https://doi.org/10.1016/j.soc.2017.08.005
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1089/jwh.2010.2558
https://doi.org/10.1242/jcs.028647
https://doi.org/10.1074/jbc.M109.040691
https://doi.org/10.1126/science.289.5482.1194
https://doi.org/10.1002/mc.22267
https://doi.org/10.1083/jcb.201612069


Lo HW, Hung MC. 2006. Nuclear EGFR signalling network in cancers: linking EGFR pathway to cell cycle progression,
nitric oxide pathway and patient survival. British Journal of Cancer 94: 184-188. DOI: 10.1038/sj.bjc.6602941

Mitin N, Betts L, Yohe ME, Der CJ, Sondek J, Rossman KL. 2007. Release of autoinhibition of ASEF by APC leads to
CDC42 activation and tumor suppression. Nature Structural & Molecular Biology 14: 814-823. DOI: 10.1038/nsmb1290

Pennock S, Wang Z. 2003. Stimulation of Cell Proliferation by Endosomal Epidermal Growth Factor Receptor As
Revealed through Two Distinct Phases of Signaling. Molecular and Cellular Biology 23: 5803-5815. DOI:
10.1128/MCB.23.16.5803-5815.2003

Pinilla-Macua I, Surve S, Sorkin A. 2025. Cell migration signaling through the EGFR-VAV2-Rac1 pathway is sustained in
endosomes. Journal of Cell Science 138: 10.1242/jcs.263541. DOI: 10.1242/jcs.263541

Song X, Liu Z, Yu Z. 2020. <p>EGFR Promotes the Development of Triple Negative Breast Cancer Through JAK/STAT3
Signaling</p>. Cancer Management and Research Volume 12: 703-717. DOI: 10.2147/CMAR.S225376

Song Z, Fusco J, Zimmerman R, Fischbach S, Chen C, Ricks DM, et al., Gittes. 2016. Epidermal Growth Factor Receptor
Signaling Regulates β Cell Proliferation in Adult Mice. Journal of Biological Chemistry 291: 22630-22637. DOI:
10.1074/jbc.M116.747840

Tavares S, Vieira AF, Taubenberger AV, Araújo M, Martins NP, Brás-Pereira C, et al., Janody. 2017. Actin stress fiber
organization promotes cell stiffening and proliferation of pre-invasive breast cancer cells. Nature Communications 8:
10.1038/ncomms15237. DOI: 10.1038/ncomms15237

Tian X, Tian Y, Gawlak G, Meng F, Kawasaki Y, Akiyama T, Birukova AA. 2015. Asef controls vascular endothelial
permeability and barrier recovery in the lung. Molecular Biology of the Cell 26: 636-650. DOI: 10.1091/mbc.E14-02-
0725

Vallenius T. 2013. Actin stress fibre subtypes in mesenchymal-migrating cells. Open Biology 3: 130001. DOI:
10.1098/rsob.130001

Veber N, Prévost G, Planchon P, Starzec A. 1994. Evidence for a growth effect of epidermal growth factor on MDA-MB-
231 breast cancer cells. European Journal of Cancer 30: 1352-1359. DOI: 10.1016/0959-8049(94)90186-4

Wee P, Wang Z. 2017. Epidermal Growth Factor Receptor Cell Proliferation Signaling Pathways. Cancers 9: 52. DOI:
10.3390/cancers9050052

Yang X, Zhong J, Zhang Q, Feng L, Zheng Z, Zhang J, Lu S. 2021. Advances and Insights of APC-Asef Inhibitors for
Metastatic Colorectal Cancer Therapy. Frontiers in Molecular Biosciences 8: 10.3389/fmolb.2021.662579. DOI:
10.3389/fmolb.2021.662579

Yin L, Duan JJ, Bian XW, Yu Sc. 2020. Triple-negative breast cancer molecular subtyping and treatment progress. Breast
Cancer Research 22: 10.1186/s13058-020-01296-5. DOI: 10.1186/s13058-020-01296-5

Funding: The authors thank the SMC School of Science Summer Endowment fund. Undergraduate student research
participation and publication support were funded by the Cell Biology Education Consortium (CBEC): Path to Publication
(Award ID #2316122) through the National Science Foundation (NSF).

 
Conflicts of Interest: The authors declare that there are no conflicts of interest present.

Author Contributions: Natalie Alaniz: investigation, methodology, writing - original draft. Khameeka N. Kitt:
conceptualization, formal analysis, methodology, project administration, supervision, writing - review editing,
investigation.

Reviewed By: Anonymous

History: Received January 26, 2026 Revision Received June 3, 2026 Accepted June 17, 2026 Published Online June
24, 2026 Indexed July 8, 2026

Copyright: © 2026 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Alaniz N, Kitt KN. 2026. Examining the Role of Asef and Epidermal Growth Factor on Cell Migration and
Proliferation in Triple Negative Breast Cancer Epithelial Cells. microPublication Biology.
10.17912/micropub.biology.002036

 

6/24/2026 - Open Access

https://doi.org/10.1038/sj.bjc.6602941
https://doi.org/10.1038/nsmb1290
https://doi.org/10.1128/MCB.23.16.5803-5815.2003
https://doi.org/10.1242/jcs.263541
https://doi.org/10.2147/CMAR.S225376
https://doi.org/10.1074/jbc.M116.747840
https://doi.org/10.1038/ncomms15237
https://doi.org/10.1091/mbc.E14-02-0725
https://doi.org/10.1098/rsob.130001
https://doi.org/10.1016/0959-8049(94)90186-4
https://doi.org/10.3390/cancers9050052
https://doi.org/10.3389/fmolb.2021.662579
https://doi.org/10.1186/s13058-020-01296-5
https://doi.org/10.17912/micropub.biology.002036

