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1 Department of Cancer Biology, University of Toledo Healthc&ence Campus, Toledo, OH, United States? Department of
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Triple-negative breast cancer (TNBC) remains clinicalljallenging as effective targeted
therapies are lacking. In addition, patient mortality maiy results from the metastasized
lesions. CXCR4 has been identi ed to be one of the major chemkine receptors involved
in breast cancer metastasis. Previously, our lab had idengéid LIM and SH3 Protein 1

(LASP1) to be a key mediator in CXCR4-driven invasion. To ther investigate the role
of LASPL1 in this process, a proteomic screen was employed anddenti ed a novel

protein-protein interaction between LASP1 and componentsof eukaryotic initiation 4F
complex (elF4F). We hypothesized that activation of the CX2-LASP1-elF4F axis may
contribute to the preferential translation of oncogenic mRAs leading to breast cancer
progression and metastasis. To test this hypothesis, we rsconrmed that the gene

expression of CXCR4, LASP1, and elF4A are upregulated in iasive breast cancer.
Moreover, we demonstrate that LASP1 associated with elF4/ia CXCL12-dependent
manner via a proximity ligation assay. We then con rmed thisnding, and the association

of LASP1 with elF4B via co-immunoprecipitation assays. Ftlrermore, we show that

LASP1 can interact with elF4A and elF4B through a GST-pullsan approach. Activation

of CXCR4 signaling increased the translation of oncoprotes downstream of elF4A.
Interestingly, genetic silencing of LASP1 interrupted thebility of elF4A to translate
oncogenic mMRNASs into oncoproteins. This impaired ability foelF4A was con rmed by a

previously established 8UTR luciferase reporter assay. Finally, lack of LASP1 setizes

231S cells to pharmacological inhibition of elF4A by Rocagide A as evident through
BIRC5 expression. Overall, our work identi ed the CXCR4-L8P1 axis to be a novel
mediator in oncogenic protein translation. Thus, our axisfostudy represents a potential
target for future TNBC therapies.

Keywords: CXCR4, LASP1, elF4F, elF4A1l, elF4B, breast cance r, protein translation

INTRODUCTION

Breast cancer is the second leading cause of death due teréamgomen. One out of eight women

(13%) will develop breast cancer in her lifetimg. (Mortality in breast cancer patients is mainly
due to metastasis to the lungs, bone, and the brain. More spalty, triple-negative breast cancer
(TNBC) is a devastating subtype with a low survival rate. Hegeneity and plasticity observed in

Frontiers in Oncology | www.frontiersin.org

1 April 2019 | Volume 9 | Article 284


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2019.00284
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2019.00284&domain=pdf&date_stamp=2019-04-24
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:dayanidhi.raman@utoledo.edu
https://doi.org/10.3389/fonc.2019.00284
https://www.frontiersin.org/articles/10.3389/fonc.2019.00284/full
http://loop.frontiersin.org/people/515849/overview
http://loop.frontiersin.org/people/664765/overview
http://loop.frontiersin.org/people/674395/overview
http://loop.frontiersin.org/people/256780/overview
http://loop.frontiersin.org/people/402880/overview

Howard et al. Interaction of LASP1 With elF4A/B

TNBC (2, 3) often results in chemoresistance, tumor relapsewe pursued BIRC5, CCND1, ROCK1, and Mdm2 as elF4A-
and poor patient outcome. Therefore, it is imperative todependenttarget genes.
nd novel (and e ective) targets for patients diagnosed Additionally, we were also interested in the inuence of
with TNBC. CXCR4 on the elF4F complex through G-protein coupled
One potential approach to target TNBC cells has been througheceptor signaling. CXCR4 has been previously shown to aetivat
the inhibition of various chemokine receptors. Overall, thisup ~ both ribosomal S6 kinases: p90 ribosomal S6 kinase {90
of proteins plays an essential role in the tumor microenvir@nh ~ via the ERK pathway) 47) and p70-S6 kinase (p#-via
to facilitate breast cancer progression and metastasis(f. the mTORC1 pathway)4@). These two major kinases have
More speci cally, the CXCL12-CXCR4 signaling pathway haseen established to feed into cap-dependent mRNA translation
been associated with TNBC invasiveness and chemotactitrough modulation of regulatory proteins such as 4E-BP1
homing (4, 6, 11-15). Previously, we reported that the C-terminal (49, 50). In its phosphorylated form, 4E-BP1 releases elF4E
tail of CXCR4 directly binds to LIM and SH3 protein 1 (LASP1)to promote elF4F complex formation. In addition, elF4B is
(16) and knock down of LASP1 ablated CXCR4-driven invasiorspeci cally phosphorylated on Ser422 by f80and p70°«
(17). LASP1 is an adaptor protein that has been shown td&inases. This phosphorylated form of elF4B is reported to
mediate cell migration, proliferation, and survival in seae increase the rate of translatiof, 52). Finally, active p7& and
breast cancer cell lined§-20). Additionally, LASP1 dissociates p90sk also induces the phosphorylation and degradation of the
from the CXCR4 C-terminal tail upon CXCL12 stimulation tumor suppressor, programmed cell death protein 4 (PDCD4),
(16). We therefore hypothesized that stimulation with CXCL12an endogenous inhibitor of elF4/8). Despite strong primary
could promote LASP1 to modulate the signaling network ofevidence on several signaling pathways feeding into theFelF4
CXCRA4 via transient protein-protein interactions. Subsedlyen complex, limited literature exists on the phosphorylation status
we performed a proteomic screen for novel LASP1 interactingf these proteins following activation of CXCRA4.
proteins (L7). Eukaryotic initiation factors 4A and 4B (elF4Aand  In this study, we conrm our initial ndings from the
elF4B) were identi ed to be interacting proteins. Both elFd#d  proteomic screen and demonstrate that LASP1 can interact
elF4B are essential components of the eukaryotic initigfiémtor ~ with both elF4A and elF4B. Importantly, the LASP1-elF4A and
4F complex (elF4F). LASP1-elF4B interaction is shown to be CXCL12-dependent. In
The elF4F complex consists of three core subunits: elF4E, tlldition, the ability of CXCR4 to impact the phosphorylation
cap binding subunit; elF4A, an RNA helicase; and elF4G1gelar of elF4F regulatory proteins is provided. Taken together, we
sca olding protein. Ultimately, selection of an mRNA by the hypothesize that activation of CXCR4 can promote elF4F
elF4F complex prepares it for successful recruitment of the 43®mplex formation and activity through LASP1 and cell
pre-initiation complex, and eventual ribosome assembly-£8).  signaling. As a result, the translation of oncogenic praein
More speci cally, elF4A catalyzes the ATP-dependent unwigdinis promoted thereby mediating an invasive and metastatic
of RNA duplexes and requires the direct binding of its co-facto phenotype commonly associated with CXCRA4.
elF4B, along with elF4G1, for its optimal activity%-34). The
elF4F complex has been previously identi ed to be essentigf ATERIALS AND METHODS
for the initiation and maintenance of a malignant phenotype in
human mammary epithelial cell$§). Suppression of elF4F can Bioinformatics Analysis
also a ect the maintenance, progression, and metastasisafhr To determine the signi cance of the CXCR4-LASP1-elF4A/B
cancer inin vivo models §6-38). Elevated protein expression axis in patient tissues, gene expression data was obtained and
levels of elFAAJ9) and elF4B have been observed in breas@nalyzed using Oncomiri# (54-56). Settings in the program
cancer patients40). Moreover, elF4A, elF4B, and elFAE werewere limited to a “cancer vs. normal analysis” and “breastea.”
all found to be independent predictors of poor outcome inData from two representative datasets are shown. Datasets
ER-negative breast cancér). include: Radvanyi Breast (PNAS, 08/02/2005) and TCGA Breast
The current notion within the eld is that the elF4F complex (The Cancer Genome Atlas, 09/02/2011). Box and whisker plots
has been identi ed to be a critical node of cancer biology duef the log2 median centered ratio for each cancer subtype were
to many oncogenic mRNAs containing secondary structuregenerated in the “R” statistical package (version 3.5.1)thed
within their 5Untranslated regions BTRs) @1). Thus, cancer generated graphics were modi ed in Inkscape (version 0.92.3)
cells preferentially rely on elF4A to unwind these structure
5UTRs or stem-loop structures (SLS). Without elF4F complecell Culture
formation and activity, the secondary structure of th&J5R  MDA-MB-231 human breast cancer cells (MDA-MB-231:
would stall ribosome scanning and detection of the methieni ATCCR® HTB-26'™, Manassas, VA) were previously sorted
start codon (AUG) ¢2, 43). As a result, many oncogenic proteins for high cell surface expression of CXCR4 (denoted as 231S
would remain at steady-state levels and this would hindecells) and are described elsewhet)(293HA-CXCR4 cells:
malignancy. Several of these SLS-containing oncogenic sRNAuman embryonic kidney 293 cells (HEK-293: ATECCRL-
include: BIRC5 (Survivin), Cyclin D1 (CCND1), Ornithine 1573M, Manassas, VA) stably expressing human CXCR4 are also
Decarboxylase (ODC), Murine Double Minute 2 (Mdm2), Rhodescribed previously1(). MCF7 series: MCF7 breast cancer
A kinasel (ROCK1), Mucin-1C (MUC-1C), Sinl, and ADP cejls (MCF7: ATCE HTB-22", Manassas, VA) expressing
Ribosylation Factor 6 (ARF6PE, 25 28 44-46). In this paper,  empty vector, wild-type CXCR4 (wild-type), or CXCR4 with
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a truncated C-terminal domain1(CTD) were characterized Isotype mAb was employed as the mock control. Prior to
previously g). Cells were maintained in Dulbecco's modi ed immunoprecipitation, lysates were pre-cleared with 2D of
eagle medium (DMEM) supplemented with 4 mM L-glutamine, PureProteomg” Protein G Magnetic Beads (Millipore, Billerica,
C4,500 mg/L glucose, sodium pyruvate (GE Healthcare LifMA, Cat No. LSKMAGG10) for 2 h at £. Immunoprecipitation
Sciences, Pittsburgh, PA, Cat. No. SH30243.01), 10% heggactions were then allowed to proceed with 2D of protein
inactivated fetal bovine serum (FBS) (Denville Scientic,G magnetic beads and the appropriate amount of antibody
Swedesboro, NJ, Cat. No. FB5001-H), and Penicillin (10for 2h at 4C. Beads were washed with Co-IP buer. To
I.U.)/Streptomycin (10@ng/ml) (Corning, Corning, NY, Cat. avoid heavy chain contamination (55 kDa) in the elF4A Co-IP,

No. 30-002-Cl). antibodies were cross-linked usingB@ccording to Millipore

] recommendations). Proteins of interest were analyzed diuso
Generation of LASP1 Knockdown and dodecyl sulfate-polyacrylamide gel electrophoresis (SDSEJA
Knockout Cell Lines and Western blotting.

LASP1 was stably knocked down (KD) in 231S cells using

ShRNA constructs (V2LHS_64685 and V2LHS 64686, Opeil /-G TP Pull-Down Assay

Biosystems, Huntsville, AL)L{). A non-silencing (NS) shRNA 231S cells were serum starved for 1 h and cells were stimulated
served as the wild type control (denoted as 231S LASP1 NS atahd prepared) as described in the co-immunoprecipitation
KD). In order to obtain a genetic knockout (KO) of LASP1, section. 100 nM AMD3465 (CXCR4 antagonist, Sigma-Aldrich,
LASP1 CRISPR/Cas9 knockout plasmids were purchased (Safffa Louis, MO, Cat. No. SML1433-5MG) was incubated 30 min
Cruz, Dallas, TX, Cat. No. sc-404630). Cells were transfect@rior to stimulation. 1 mg of total protein lysate in 1 mL of Co-
using UltraCruz reagent (Santa Cruz, Dallas, TX, Cat. NolP bu er was incubated with 251 of m’-GTP agarose beads
sc-395739) according to the manufacturers instructioke — overnight at 4C (Jena Biosciences, Jena, Germany, Cat. No.
supernatant was removed 24 h later and replaced with complefC-155S). Following incubation, beads were washed with Co-
media. Cells were further cultured for 72h post-transfeatio IP bu er. Protein was eluted and analyzed by SDS-PAGE and
Subsequently, LASP1-KO cells were sorted for GFP and singléestern blotting.

KO cells were isolated by limiting dilution. KO of LASP1 was

conrmed by Western blotting. Non-targeting CRISPR/Cas9GST-LASP1 Pull-Down of elF4A and elF4B
plasmids served as the control (Santa Cruz, Dallas, TX, Gat. NThe open reading frame of the human LASP1 gene (Open
sc-418922). These plasmids encode the Cas9 nuclease and ndigsystems, Huntsville, AL) was engineered with BamHI
speci ¢ 20 nucleotide guide RNAs (denoted CRISPR control anénd Xhol cloning sites using the following gene specic

LASP1 KO). primers: -CTAGCTGGATCCATGAACC CCAACTGCGCC3
_ o (forward), and SCTAGCTCTCGAGTCAGATGGCCTCCA
Co-immunoprecipitation Assay CGTA-P(reverse). Following ampli cation by polymerase chain

231S cells were serum-starved for 1 h and stimulated with 10reaction (PCR), LASP1 was inserted into the GST bacterial
20nM CXCL12 (PeproTech, Rocky Hill, NJ, Cat. No. 300-28Agxpression vector pGEX-6P-1 (GE Healthcare Life Sciences,
over di erent time points. Total cell lysates were prepared byPittsburgh, PA, Cat. No. 28954648). The verity of the DNA
lysing the cells in co-immunoprecipitation bu er (Co-IP bu er) construct was conrmed by sequencing (Euro ns Genomics,
(50 mM Tris pH 8.0, 100 mM NacCl, 0.1% IGEPAL CA-630, 0.1% ouisville, KY). Both the GST-LASP1 and empty pGEX-6P-1
Deoxycholate and 5mM EDTA) supplemented with proteaserector (GST control) were transformed into E. coli BL21 stra
inhibitor cocktail (Sigma-Aldrich, St. Louis, MO, Cat. NBB®0- for the production of GST and GST-LASP1 proteins using
5ML), phosphatase inhibitor cocktail 2 (Sigma-Aldrich, St.ispu standard protocols described elsewheté).(For the pull-down
MO, Cat. No. P5726), and phosphatase inhibitor cocktail 3assays, 1.5 nmoles of the GST control protein (4@band GST-
(Sigma-Aldrich, St. Louis, MO, Cat. No. P0044) for 10 minLASP1 (85.1ng) bound to glutathione agarose beads (Thermo
at 4 C. Total protein in the claried lysate was quantied Scienti c, Rockford, IL, Cat No. 16100) were equilibrated in
using a Bradford protein assay (Bio-Rad, Hercules, CA, CaCo-IP buer and incubated with 1 mg of total protein lysates
No. 5000006). 1 mg of total protein lysate was employed in aftom 231S cells in 1 mL of Co-IP buer for 2h at €. After
immunoprecipitation reactions. elF4B was immunoprecipitatedvashing the beads with Co-IP bu er, the bound proteins were
by using 2mg of elF4B antibody (Cell Signaling Technology,eluted and analyzed by SDS-PAGE and Western blotting.
Danvers, MA, Cat. No. 13088). Mouse (G3Al) mAb IgG1l

Isotype Control (Cell Signaling Technology, Danvers, MADirect Binding of LASP1 to elF4A and elF4B

Cat. No. 5415) served as the mock control. Next, elF4A waRecombinant elF4A and elF4B were puri ed to homogeneity
immunoprecipitated using 2ng of elF4A1 antibody (Cohesion according to previously published protocoll( 27). In one set
Biosciences, London, Purley, Cat. No. CQA1180). His-Tagf direct binding experiments, 1.5 nmoles of GST-LASP1 and
(D3L10) XP? Rabbit mAb (Cell Signaling Technology, Danvers,GST-control beads in 1 mL of Co-IP bu er were incubated with
MA, Cat. No. 12698) was employed for the mock condition.puri ed recombinant elF4A and elF4B overnight at@. Beads
Finally, in the reciprocal Co-IP, LASP1 was immunoprecipitiate were then washed with Co-IP bu er and bound protein was
by using 2mg LASP1 antibody (Biolegend, San Diego, CAgluted by SDS-PAGE and Western blotting. To conrm that
Cat. No. 909301). As in the elF4B Co-IP, mouse (G3Al) IgGthe binding is able to occur in a 1:1 molar ratio (and also in
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solution), GST-LASP1 and GST were eluted from the beadgusimr Goat anti-Rabbit IgG (KCL) SuperclondM Secondary Ab
glutathione elution bu er (10mM L-glutathione, 50 mM Tris conjugated to HRP (Thermo Scienti ¢, Rockford, IL, Cat No.
pH 8.0). Eluted protein was quanti ed using a Bradford protein A27036). Finally, blots were developed with AmersHABCL™
assay. Equimolar amounts of proteins were incubated in a naPrime Western Blotting Detection Reagent (GE Healthcare Lif
volume of 1 mL of Co-IP bu er overnight at 4. Complexes Sciences, Pittsburgh, PA, Cat. No. RPN2232) and HyBI&Y ES
were then re-captured with 1@l glutathione agarose beads Autoradiography Film (Denville Scienti ¢, Swedesboro, Ndi.C
for 1h at 4C. Finally, beads were washed with Co-IP bu erNo. E3212). Densitometry of the Western blots was performed
and bound proteins were eluted and analyzed by SDS-PAGEsing ImageJ. Calculation of fold change is given in the gure
and Western blotting. Purity of the recombinant proteins waslegend for each experiment.

con rmed by SDS-PAGE and staining with Imperiddl Protein

Stain (Thermo Scienti ¢, Rockford, IL, Cat No. 24615) (5 ngReal-Time PCR

detection limit). Total RNA was extracted from 231S LASP1 NS and 231S
o _ _ LASP1 KD cells using an RNedsyMini Kit according
Proximity Ligation Assay (PLA) to the manufacturers instructions (Qiagen, Germantown,

The Duolink In Situ Orange Fluorescent kit (Sigma/Aldrich, MD, Cat. No. 74104). Following RNA isolation, cDNA was
St. Louis, MO, Cat. No. DU092102-1KT) was employed teynthesized using a SuperSchipill First-Strand Synthesis Kit
detect the endogenous interaction between LASP1 and elF4kvitrogen, Carlsbad, CA, Cat. No. 18080-400). 2000 ng of
in situ in 231S cells. The PLA was performed according tanput RNA and random hexamer primers were used according
manufacturer's instructions using a rabbit elF4A1 antigod to the manufacturer's instructions. Finally, real-time P@Rs
(Cohesion Biosciences, London, Purley, Cat. No. CQA1180) a performed using 2X PowerUY SYBRM Green Master Mix
a mouse LASP1 antibody (Biolegend, San Diego, CA, Cat. NApplied Biosystems, Foster City, CA, Cat. No. A2574)_Df
909301) {7). The single Ab control condition represents the cDNA, and 2mL of the following forward and reverse primers
PLA reaction with only the LASP1 antibody. In addition, sell (300nM): ROCK1: $AACATGCTGCTGGATAAATCTGG-8
were stained with phalloidin (Life Technologies, Carlsbad, C and 2 TGTATCACATCGTACCATGCCT-8 MDM2: 52CCT
Cat. No. A12379) and nuclei with DRAQ5 (Thermo Scienti c, TCGTGAGAATTGGCTTC-8 and 2:CAACACATGACTCTC
Rockford, IL, Cat No. 62251). Cells were stimulated and iiteth  TGGAATCA- CCND1: #ATGTTCGTGGCCTCTAAGATG
as described elsewhere in the paper. Moreover, cells wehe3%and 3-CAGGTTCCACTTGAGCTTGTTC-3BIRCS: SA
xed, stained, and permeabilized with standard methods)( AGAACTGGCCCTTCTTGGA-8and 2CAACCGGACGAAT
The images were acquired by two-photon confocal microscop@CTTTT-Pb-tubulin: 2 TTGGCCAGATCTTTAGACCAGAC
and processed with Leica Application Suite X software (LeicAC-3°and 2CCGTACCACATCCAGGACAGAATC-3 Real
Wetzlar, Germany). Quanti cation of the interaction dotsaw time data was analyzed using th& Ct method withb-tubulin
performed using ImageJ. primers as the control. The values from 231S LASP1 NS cells were
then setto 1.
Western Blotting
Cell lysates were prepared and quanti ed as described elsewheGQ 5UTR Luciferase Assay
Western blots were incubated with the followingAbs: Cyclin  The GQ BUTR luciferase assay is a previously published method
D1 (Cell Signaling Technology, Danvers, MA, Cat. No. 29220 assess the endogenous activity of elF4A in cély. Four
elF4A C32B4 (Cell Signaling Technology, Danvers, MA, Catandem repeats of the (CG@)L2-mer motif (GQ SUTR) or a
No. 2013), elF4B 1F5 (Cell Signaling Technology, Danvers, MAandom sequence matched for length and GC content (Random
Cat. No. 13088), p-elF4B S422 (Thermo Scienti ¢, Rockford, ILGQ BUTR) were cloned into the ®TR of rey pGL4.10 luc2
Cat No. PA5-38362), elF4E C46H6 (Cell Signaling Technglog{Promega, Madison, WI, Cat. No. E6651) containing the CMV
Danvers, MA, Cat. No. 2067), elF4G C45A4 (Cell Signalingromoter. To create these constructs, CMV was rst cloned
Technology, Danvers, MA, Cat. No. 2469), GST 26H1 (Celhto pGL4.10 luc2 by employing Kpnl and Xhol restriction
Signaling Technology, Danvers, MA, Cat. No. 2624), LASP1 8CGf#tes. The CMV promoter was amplied from pcDNA3.0
(Biolegend, San Diego, CA, Cat. No. 909301), MDM2 SMP1dnvitrogen, Carlsbad, CA, Cat. No. V79020) using the follayvi
(Santa Cruz Biotechnology, Dallas, TX, Cat. No. sc-9655P® primers: S TTTGTAGGTACCGATGTACGGGCCAGATAT
D29C6 (Cell Signaling Technology, Danvers, MA, Cat. No. §535AC-3° and S TTTGTACTCGAGGTATTAATTTCGATAAG
p-PDCD4 S67 (Sigma-Aldrich, St. Louis, MO, Cat. No. P0072);-3. After successful insertion and veri cation of the CMV
ROCK1 C8F7 (Cell Signaling Technology, Danvers, MA, Cat. Nqaromoter, both 8UTR sequences (GQ and Random GQ) were
4035), Survivin 71G4B7 (Cell Signaling Technology, Dasjvercloned before the luciferase open reading frame via addeld Bgl
MA, Cat. No. 2808), 4E-BP1 53H11 (Cell Signaling Technologynd Hindlll sites. This was accomplished with the following
Danvers, MA, Cat. No. 9644), p-4E-BP1 Thr70 (Cell Signalingnnealed oligonucleotides obtained commercially (Euro ns
Technology, Danvers, MA, Cat. No. 9455), amdubulin D66  Genomics, Louisville, KY): GQWTR: BXGATCTCTAGGTT
(Sigma/Aldrich, St. Louis, MO, Cat. No. T0198). FollowingGAAAGTACTTTGACGGCGGCGGCGGTCAATCTTACGG
primary incubation, Western blots were incubated with GoatCGGCGGCGGACATAGATACGGCGGCGGCGGTAGAAA
anti-Mouse IgG (HC L) SuperclondM Secondary Ab conjugated CTACGGCGGCGGCGGATTAGAATAGTAAAABand FA
to HRP (Thermo Scienti ¢, Rockford, IL, Cat No. A28177) GCTTTTTACTATTCTAATCCGCCGCCGCCGTAGTTTCT
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ACCGCCGCCGCCGTATCTATGTCCGCCGCCGCCGTAA

GATTGACCGCCGCCGCCGTCAAAGTACTTTCAACCTA

GA-3¥ Random GQ 8UTR: BX\GATCTCTAGGGCGCACGT

ACTTCGACAACGTCAGCGTTCAGCGTTCCAACGTCAG
CGTACAGCGATCCAACGTCAGCGTTCTGCGCTACAAC
GTCAGCGTATCCGCGTAGCACAAZ and FAGCTTTG
TGCTACGCGGATACGCTGACGTTGTAGCGCAGAACG

CTGACGTTGGATCGCTGTACGCTGACGTTGGAACGCT
GAACGCTGACGTTGTCGAAGTACGTGCGCCCTAGA23

40 ng of each rey luciferase construct was transfectedhglo serum media (LSM-DMEM/0.5% FBS). Images were acquired via
with 40 ng of pGL4.74 hRluc (Promega, Madison, WI, Cat. Noan IncuCyte® S3 Live-Cell Analysis System (Essen BioScience,

E6921). Following transfection, cells were incubated mirge
free media overnight. Cells were lysed, protein lysates there

collected the next day. Fire y and renilla luciferase dtfiwere
assessed by employing the Dual-Lucifefas@eporter Assay mm?2 were analyzed to avoid cellular debris. Data is re ective of

System (Promega, Madison, WI, Cat. No. E1910). Data re ects
re y luciferase activity normalized to renilla readingsithr the
CMV-pGL4.10 luc2 set to 1 for each cell type.

Pharmacological Inhibition of elF4A in

231S LASP1 NS and KD Cells

231S LASP1 NS/KD cells were plated into 96-well dishes (3,000
cells/well) and incubated with various amounts of Rocaglaid
(RocA) (Sigma/Aldrich, St. Louis, MO, Cat. No. SML0656) in low

Ann Arbor, Michigan). Two images per well were acquired every
2h. Data was processed on the IncuCyte S3 software (Essen
BioScience, Ann Arbor, Michigan). Only cells with an areb50

1092 Median Centered Ratio

1092 Median Centered Ratio

FIGURE 1 | The CXCR4-LASP1-elF4A/B Axis is Upregulated in Breast Car@ma Patients. Gene expression data was obtained and analyzkusing Oncomine.com.
Two representative datasets were selected. Box and whiskeplots of the log2 median centered ratio (fold change) are shen for each. (A) Radvanyi Breast Invasive
Ductal Carcinoma ( D 31 for CXCR4, LASP1, elF4A, and CCND1n D 28 for BIRC5 and ROCK1.n D 27 for MDM2) vs. Breast Tissuer{ D 9 for CXCR4, LASP1,
elF4A, and CCND1.n D 2 for BIRC5.n D 5 for MDM2 and ROCK1).(B) Radvanyi Breast Invasive Lobular Carcinoma® 7 for CXCR4, LASP1, elF4A, and CCND1.
n D 2 for BIRC5.n D 6 for MDM2 and ROCK1) vs. Breast Tissuen(D 9 for CXCR4, LASP1, elF4A, and CCND1n D 2 for BIRC5.n D 5 for MDM2 and ROCK1).(C)
TCGA Breast Invasive Ductal Carcinoman(D 389) vs. Breast Tissuerf D 61). (D) TCGA Breast Invasive Lobular Carcinoman(D 36) vs. Breast Tissuerf D 61).
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the percent con uence of each image at 36 h RocA incubation.
Percent inhibition was calculated in reference to the DMS(
control. The readings from 231S LASP1 NS cells were set
1. In the cell viability experiments, 231S LASP1 NS/KD cell
were seeded at 6,000 cells/well and allowed to attach anddspre
overnight. The following day, complete media was replaced wit
LSM and RocA. Cell viability was then determined 36 h late
using a cell counting kit-8 (Sigma/Aldrich, St. Louis, MO,tCa
No 96992) according to the manufacturer's instructions.tda
is re ective of the absorbance at 450 nm (A450). The DMS(
controls were set to 100%.

PLA dots Merge

to

Single Ab Cntrl

Statistical Analysis and Graph Preparation L

Data analysis was performed using the R statistical progral
(version 3.5.1). Statistical signi cance between groups waé
determined by unpaired Studentgests with a p’-value set to
<0.05. Graphs were rst generated in R and then modi ed in
Inkscape (version 0.92.3).

-CXCL12

RESULTS

Breast Cancer Patient Samples Contain
Elevated Levels of CXCR4, LASP1, elF4A,
elF4B, and the Downstream Targets

of elF4A
In order to evaluate the gene expression prole of CXCR4
LASP1, elF4A, and elF4B in breast cancer patients, W
analyzed breast cancer data sets using “Oncomine.” Thiaenl|
resource is a cancer microarray database and an integrat
data-mining platform §4-56). Di erential expression analyses
were performed on “The Cancer Genome Atlas” (TCGA) and
Radvanyi data sets. In each analysis, the gene expresside prad
of normal breast tissue was compared with invasive lobulg
carcinoma (ILC) and invasive ductal carcinoma (IDC) samples.
We observed a signi cant elevation of gene expression fa
CXCR4, LASP1, elF4A, and elF4B. In addition, the gene
downstream of elF4A (BIRC5, CCND1, ROCK1, and MDM2)
were also observed to have elevated expression I@vel$(05)
(Figures 1A-D. Overall, this points to the clinical signi cance
of our axis of study. Elevated mRNA levels of these geng

118.1£58.3

D

~ +CXCL12

=

wn -

AMD+CXCL12

2FIGURE 2 | The LASP1-elF4A interaction increases with CXCL12 stimulah

established the premise that these proteins may play a vit@l rg
in oncoprotein translation to promote metastatic breast eamnc
However, we recognize that future studies will need to con rm
these ndings at the protein level.

| in situ. The Proximity Ligation Assay (PLA) was used to visual the situ
interaction between LASP1 and elF4A in 231S cells. Cells wesgimulated
with 20 nM CXCL12 for 5 min. 100 nM AMD3465 was added 30 min prioto
stimulation. The single antibody control employs the PLA etion using only
the LASP1 antibody. Representative images of the PLA expenent are

provided. Quanti cation indicates the average number of irgractions/cell
across multiple independent elds. (Single Ab Controln D 39, -CXCL12:n D
46, CCXCL12:n D 29, CCXCL12/AMD3465:n D 15); Red-LASP1-elF4A
interaction, Green-phalloidin (actin), and Blue-DRAQ5 ({pleus); Scale

bar 10rmm.

LASP1 Associates With elF4A
Endogenously in a CXCL12-Dependent

Manner in situ

To initially con rm the LASP1-elF4A interaction, we exaned
whether LASP1 would associate with elF4A endogenously in

231S cells situ. Following stimulation or inhibition of CXCR4,

the endogenous interaction between LASP1 and elF4A was

probed by a proximity ligation assay (PLA). The single antibodyvas a 3-fold stimulation of the interaction between LASP1 and
control displayed almost no interaction dots (0.090.6 dots— elF4A (118 58.3 dots—from 29 cells). The CXCL12-stimulated
from 39 cells). In the unstimulated state (-CXCL12), a basdhteraction between LASP1 and elF4A can be abrogated to the
interaction was detected between LASP1 and elF4A (11666 basal level by the CXCR4 antagonist, AMD3465 (13.30.2
dots—from 46 cells). With CXCL12 incubation for 5 min, there dots—from 15 cells)Rigure 2).
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FIGURE 3 | LASP1 interacts with the elF4AF complex in a CXCL12-dependemhanner. (A) Co-immunoprecipitation assay of elF4A and LASP1 in 231S cslfollowing
stimulation with 20 nM CXCL12 1§ D 2). (B) Co-immunoprecipitation assay of elF4B and LASP1 in 231S celifollowing stimulation with 10nM CXCL12r{ D 3). (C)
Co-immunoprecipitation assay of LASP1 and elF4A/B followingtimulation with 20 nM CXCL12 in 231S cellsr(D 2). Fold change was calculated based off the
densitometry ratio of co-immunoprecipitated/immunopregpitated protein signal with 0 min. set to 1.(D-E) m’GTP pulldown assay in 231S cells following stimulation
with 20nM CXCL12 and 100 nM AMD3465 examining the interactio between: (D) LASP1-elF4E i D 3) and (E) elF4G-elF4E 1§ D 3). Fold change was calculated
based off the densitometry ratio of co-precipitate (LASP1 oelF4G)/precipitate (elF4E) protein signal with O min. set ta 1

LASP1 Co-immunoprecipitates With elF4A in association of LASP1 with elF4B upon activation of
and elF4B Endogenously in a CXCR4 Figure 30.

CXCL12-Dependent Manner : .
In order to further evaluate the association between LASPEndogenous LASP1 Associates With the

elF4A1, and elF4B, we performed co-immunoprecipitation€lF4F Complex in a

assays with and without CXCL12 stimulation in 231S celsSCXCL12-Dependent Manner

In each of these co-immunoprecipitation experiments, bothwe next asked if LASP1 could be incorporated into the elF4F
elF4A and elF4B associated with LASP1 endogenously gbmplex upon stimulation of CXCR4. To address this question,
a CXCL12-dependent manner with peak interaction atwe employed the previously establishedGP-pulldown assay.
S5min (Figures 3A,B. To further validate the interaction, Activation of CXCR4 in 231S cells resulted in an increased
we also immunoprecipitated LASP1 and probed for theassociation of endogenous LASP1 with elF4E. This assatiatio
presence of elF4A and elF4B in the reciprocal Co-IP. Therpeaked at 5 (2.2-fold) min before returning a to basal level
was a slight basal association of endogenous LASP1 aad20min. Importantly, the CXCL12-dependent recruitment of
elF4A1 which increased to 19.1-fold upon stimulation of_ ASP1 at 5min can be abrogated by pre-treatment of the
CXCR4 for 5min. Similarly, there was a 7.5-fold increaseells with AMD3465Figure 3D). Furthermore, the elF4G-elF4E
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interaction has been commonly accepted to give an indicatioctivation of the CXCR4-LASP1 Axis

of elF4F complex formation5(). As such, we explored the Enhances Selective Expression of Genes
inuence of CXCR4 on the elF4G-elF4E interaction. elF4GDOWhStI‘eam of elF4A

Wasklncorp_(t)rate;j Itn 5a _CXiLéll]cZ-lc(ijepenger}t n;andnerl_ W'(;ht 8ro determine the functional consequence of CXCR4 and LASP1
gezaf Irdecr'l[uzrgen_ a Irlmnb( ) -tﬁ )ban I_sovlvy Ie?l'lr?e 0 n the elF4F complex, we examined elF4A-dependent oncogenes
-<told a min, well above the baseline Jevel. This IOeagommonly associated with cancer. Activation of CXCR4 and the

recruitment at 5 min of CXCL12 treatment can also be reduce elective expression of cyclin D1 (CCND1), Mdm2, BIRCS, and

by AMD3465 Figure 3B. Rho kinase 1 (ROCK1) in 231S LASP1 NS and KD cells were
. . tested. Stimulation of CXCR4 in control-silenced (LASP1 NS)

LASP1 Directly Binds to Both elF4A 231S cells resulted considerable increases in the protedéisie

and elF4B of CCND1, BIRC5, Mdm2, and ROCKFigure 6A). On the

To further prove the interaction of LASP1 with elF4A and elf-4B contrary, when LASP1 is silenced, CXCR4 signaling could not
we employed a GST-pulldown assay. In the elF4A pulldowrsustain the expression of these proteins downstream of elF4A1
we also added exogenous ATP (2mM) and Mg@ mM) at comparable control levels.

since elF4A is an ATP-dependent enzyme. LASP1 associatedWe then examined the steady state levels of oncogenic
robustly with elF4A regardless of any exogenous addition ofroteins that are dependent on the activity of elF4A in the
ATP and MgC} (Figures 4A,B. In addition, LASP1 robustly 231S LASP1 KD cells and serum-starved. Evidently, there was
associated with elF4B as weklidure 4Q). This experimental a marked reduction of protein levels of CCND1 (60% reduced),
system was also used to test if LASP1 could directly bind tBIRC5 (50% reduced), Mdm2 (80% reduced), and ROCK1 (80%
both elF4A and elF4B. Previous interaction experiments wergeduced) compared to LASP1 NS celsglre 6B). There was
unable to distinguish a direct interaction between thesdgins. no signi cant reduction in the mRNA levels of these genes as
LASP1 directly bound to both puri ed, recombinant elF4B andassessed by gPCR to suggest that this di erence is occurting a
elF4A in a dose-dependent manndfigures 4D,B. Finally, to  the translational levelRigure 6C). Next, we utilized the MCF7
further con rm the validity of the direct binding experimesfwe  series to further validate the translational ndings of tB81S
mixed equimolar amounts of puri ed GST-LASP1 with elF4A or LASP1 NS/KD cells. As expected, the levels of BIRC5, ROCK1,
elF4B in a solution and captured the complex with glutathioneMdm2, and including LASP1 itself were increased when CXCR4
beads. As expected, LASP1 directly bound to both elF4A anglas constitutively active-{gure 6D).

elF4B Figure 4F). The purity of the proteins employed in these  To investigate the role of LASP1 in modulating the activity of

experiments is showrHgure 4G). elF4A, we employed a synthetic GBUFR luciferase reporter
assay from a documented and validated methdd).( This
Activation of CXCR4 Promotes assay allowed us to evaluate the functional activity of &IF4
Phosphorylation of PDCD4, elF4B, Corresponding to the activity of elF4A, the luciferase attiv
and 4E-BP1 will either increase or decrease. When LASP1 was stably kdocke

o o . L
Aside from the in uence of LASPL on elF4A and elF4B, Wedown, there was a 60% reduction in reporter luciferase dgtivi

. . (less unwinding of GQ WTR) in 231S cellsRigure 6B). This
ne>ft aqldressed whether activation of CXC.R4 V‘.IOUId fegd Into thhighlights a crucial role of LASP1 in modulating the activitfy
activation of elF4F complex through cell signaling. Intéiregly,

s X IF4A/4B in the elF4F complex in TNB lls. T h
activation of CXCR4 led to phosphorylation of elF4B on S42% / the e comple C cells. To test the e ects

) o i - .~ ~‘of LASP1 in other cell types, we generated a KO cell line in 293-
it;]y sg&geg;gii':'gg R;%‘:g‘; ;’é)a w& 'm%a;;gt ll\l%:;mWHA-CXCR4 cellsFigure 6Q). In the 293-HA-CXCR4 LASP1 KO
) : C lls, th 20% in elF4A actifi :
addressed if CXCR4 could promote the phosphorylation o ells, there was a 20% decrease in e actifitgu(e 6F)

) o . aken together, data obtained from the 231S and 293-HA-CXCR4
PDCD4. With CXCR4 activation, the phosphorylation mcreaseq: I . :
: ) ts that LASP1 d I I dulating th
to 3.3-fold at 5min and peaked at 10min (3.9-fold). The oS sugges's fha 0es play a ro'e In mocduiating the

. . activity of elF4A. However, the cancer cells are highly nelgn
increase at 5min in pS67-PDCD4 level can be abrogated We functional consequence of this interaction.

pretreatment of cells with AMD3465F{gure 5B). We then
examined phosphorylation of 4E-BP1, which releases elF4E .
and allows its incorporation into the elF4F complex. UponStable Knock Down of LASP1 Sensitizes

activation of CXCR4, pT70-4E-BP1 levels increased by 5miiNBC Cells to elF4A Inhibition

and this e ect could be abrogated with AMD346bigure 5C). Inhibition of elF4A has been investigated for its potential a
Finally, to further prove these ndings, we utilized a MCF7- chemotherapeutic targeg, 38 58, 59). As such, we examined
CXCRA4 cell series which contains increasing basal actiity @ the LASP1 de ciency would sensitize 231S TNBC cells to
CXCR4 ). As expected, MCF7-CXCR4 wild-type atdCTD  pharmacological inhibition of elF4A by Rocaglamide A (RocA).
cells had increases in levels of p-4E-BP1, p-PDCD4 and p-elF&vestrol, a avagline family member of Rocaglamide A, was
over that of the vector controlHigure 5D). Based o of these found to have an Igy value of 60nM in MDA-MB-231 cells
ndings and previous work done by others, the proposed mode(60). We therefore subjected 231S LASP1 NS and KD cells to
of CXCR4 signaling and its e ects on the elF4F complex iSRocA treatment ranging from 30 to 100 nMFigure 7A). Stable
provided (Figure 5B). knock down of LASP1 sensitized the 231S cells to RocA treatment
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FIGURE 4 | LASP1 directly interacts with both elF4A and elF4ABA-C) 1 mg of 231S lysate was incubated with 1.5 nmoles of GST or GSTASPL1. (A) Presence of
elF4A was detected by Western blottingr{ D 3). (B) 2 mM ATP and 3mM MgC} were exogenously added to the 231S lysate. Presence of elF4Aas then detected
by Western blotting 6 D 3). (C) Presence of elF4B was detected by Western blottingn(D 3). (D-E) Puri ed elF4A or elF4B was incubated with 1.5 nmoles GST or
GST-LASP1. Amounts of puri ed proteins are indicated in parethesis. (D) Presence of elF4B was detected by Western blottingn(D 3). (E) Presence of elF4A was
detected for by Western blotting ( D 3). Ponceau S stains of each blot are shown below to con rm loathg of GST or GST-LASP1 following the elution from
glutathione agarose beads.(F) Puri ed elF4A and elF4B were mixed with puri ed GST or GST-LASPhian equimolar ratio and in solution. Proteins complexes wer
then captured with glutathione beads and detected for by Wetern blotting (1 D 1). (G) Imperial Protein Stain of puri ed elF4A, elF4B, GST, and GST-LAR (WD 1).

especially at the lowest treatment dose of 30 riig(re 7B).

Cellular viability also signi cantly decreased
cells with RocA drug treatment{gure 70). We

inhibited elF4A, by blotting for levels of BIRCS protein in GR1

in the LASRD
veri ed if RocA

NS and KD cells. LASP1 NS cells had a dose-dependent decrease
in BIRC5 levels. In the LASP1 KD cells, a 70% loss of BIRC5
occurred with LASP1 knock down alone and further decreased
with RocA treatmentFigure 7D).
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FIGURE 5 | Activation of CXCR4 promotes phosphorylation of elF4B, 4E4B1, and PDCDA4. 231S cells were stimulated with 10-20 nM CXCl2for the indicated
period. Phosphorylation status of(A) p-elF4B S422(B) p-PDCD4 S67 and (C) p-4E-BP1 Thr70 was determined by Western blottingr{ D 3). Fold change indicates
the densitometry ratio of (phospho-protein/total proteinp-tubulin signal with 0 min. set to 1.(D) Status of p-elF4B, p-PDCD4 S67, and p-4E-BP1 Thr70 in MCF7
vector, wild-type CXCR4, and CXCRA4L CTD cells @ D 3). Fold change indicates the densitometry ratio of (phospdtprotein/total protein)b-tubulin signal with MCF7
vector cells set to 1. (E) Proposed model of CXCR4 signaling and its effects on the elF4gomplex.

DISCUSSION characterizing this interaction. In the co-immunoprecigitm
where elF4B was immunoprecipitated and blotted for LASP1,
This is the rst report that the CXCR4-LASP1 pathway three distinctive bands were produced. The one below the LASP1
regulates elF4Al-mediated translation of oncogenic prstei pand (37 kDa) is presumably LASP2 as clone 8C6 anti-LASP1
with long and structured %JTRs. Based o of our ndings, antibody is known to react with LASP2. However, we hypothesize
the proposed model is providedFigure 8. The ndings in  that the band above 37 kDa is a doubly-phosphorylated form
this study are important as a dysregulation in translationabf LASP1 (pY171 and pS146)4 69). The human LASP1 that
control can rewire the proteome through selective transkati s singly phosphorylated is not reported to shift above 37 kDa
of oncogenic mRNAs. The resultant oncoproteins are criticajhus far. Future studies will need to elucidate the phosphoigat
for breast cancer cell survival, tumor progression, loceasion  status of LASP1 and the functional consequences interawiitig
and metastasis6(—66). Protein synthesis is a tightly regulated e|F4A and elF4B. Furthermore, LASP1 associated with elF4A
process. To date, translational initiation has been idesdi as robustly regardless of the presence or absence of exogendus AT
the rate limiting step. This step of translational regulati®s  and Mg in the GST-pulldown assay. This may mean that
primarily controlled by the eukaryotic initiation 4F compleX the binding site for LASP1 on the surface of elF4A is always
(elF4F). In this study, we suggest that CXCR4 can feed intgccessible in spite of conformational changes induced by ATP
this complex thereby having a signi cant impact on synthesisand Mc?©.
of oncogenic proteins needed for breast cancer survival and Aside from the LASP1 interaction, activation of the CXCR4
invasion. To date, there is one additional report suggestingathway led to the formation of the elFAF complex as evident
that CXCR4 can in uence the protein translational machinery,through several phosphorylation events. First, 4E-BP1 was
occurring through an interaction with elF2B5(). However, the phosphorylated in a CXCL12-dependent manner similar to
functional consequence of this interaction was not explared the time frame reported in renal cell carcinomad. Second,
signi cant detail. phosphorylation of elF4B at S422 was similarly observed to
In our initial proteomic screen, elF4A and elF4B wereincrease with CXCL12 stimulation and would a ect the rate of
identi ed to interact with LASP1. To con rm this nding, we translation. Third, an increase in the phosphorylation of PDED
have provided several pieces of experimental evidence furthtallowing CXCL12 treatment would release elF4A to incorporate
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FIGURE 6 | Activation of the CXCR4-LASP1 Axis enhances selective exgssion of elF4A-dependent genes(A) 231S LASP1 NS and KD cells were stimulated with
10-20nM CXCL12. Expression levels of elF4A-dependent genesere then determined by Western blottingr{ D 3). Fold change indicates the densitometry ratio of
protein signalb-tubulin with 0 min. set to 1. (B) Stable knockdown of LASP1 leads to a reduced expression of edA-dependent genes (1 D 3). Fold change indicates
the densitometry ratio of protein signal-tubulin with 231S LASP1 NS cells set to 1(C) Knockdown of LASP1 does not signi cantly affect CCND1, MDM2BIRC5,
and ROCK1 mRNA levelsi{ D 3). Data was analyzed using thel1 Ct method with b-tubulin primers as the control. Fold change was calculatedavith the 231S LASP1
NS cells set to 1.(D) Endogenous expression levels of BIRC5, MDM2, and ROCK1 in M@FVector, Wild-type CXCR4, and CXCR4 CTD cells i D 3). Fold change
indicates the densitometry ratio of protein signab-tubulin with MCF7 vector cells set to 1.(E) 231S LASP1 KD cells have a reduced capacity to translate gerse
harboring a complex HUTR as indicated by the GQ SUTR luciferase assayr(D 3). (F)GQ 5UTR luciferase assay in 293-HA-CXCR4 CRISPR Control and LASKO
cells @y D 3). Fold change indicates the luminescent ratio of lucifesg/renilla (transfection control) with CMV set to 1(G) Western blot analysis of LASP1 protein levels
in 293-HA-CXCR4 CRISPR Control and LASP1 KO cellsi© 3). * Indicatesp < 0.05 as evaluated by unpaired student'st-tests.

into the elF4F complex. In all, these three phosphorylatioremployed the M-GTP pulldown assay. However, the’+GTP

events, in addition to phosphorylation of elF4E (data notpulldown assay only tells you that components are bound to
shown), may contribute to active and selective synthesis @ complex that “contains” elF4F. Based o of our ndings
experiment and direct binding studies, we

oncogenic proteins.

of the m’-GTP

To establish the possibility that LASP1 gets actively reeduit hypothesize LASP1 gets actively recruited into the elF4Fpésm

into the elF4F complex upon stimulation with CXCL12, wein a CXCL12-dependent manner. This raises the possibility that
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FIGURE 7 | Stable knockdown of LASP1 sensitizes TNBC cells to inhibith by Rocaglamide A.(A) Representative images of 231S LASP1 NS and KD cells incubatie
with various concentrations of Rocaglamide A at 0 and 36-h e points. (B) Percent inhibition of 231S LASP1 NS and KD cells following 36 RocA drug treatment o
D 3). Percent inhibition was calculated in reference to the fd difference of percent con uence between Rocaglamide A trated cells and the DMSO control for each
cell type at 36 h. (C) Percent viability in 231S LASP1 NS and KD cells following Raglamide A drug treatment. Data is re ective of absorbance at50 nm with the
DMSO condition set to 100% for each cell type (D) Western blotting of BIRC5 in LASP1 NS/KD cells following 24 h dkocaglamide A incubation it D 3). Fold change
indicates the densitometry ratio of BIRC5 signalb-tubulin with the 231S LASP1 NS DMSO condition set to 1. * Indiates p < 0.05 as evaluated by student'st-tests.

LASP1 may assist elF4A and elF4B in the unwinding of SLfe key role played by CXCR4 in enabling the recruitment
at the 3UTR of oncogenic mRNAs. The other key nding of of elF4G and LASP1 to enable the synthesis of oncogenic
this experiment is the interaction between elF4G and elF4[roteins involved in tumor progression and metastasis. It is
increased in a CXCL12-dependent manner. elF4G has twalso interesting to note that LASP1 directly binds to the C-
binding sites for elF4A, one of which is necessary for tratish  termini of other chemokine receptors including CXCR1, CXCR2,
and the other plays a modulatory role’l). This brings out and CXCR3 {6). LASP1 can augmented CXCR2-mediated
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FIGURE 8 | Proposed Model of the CXCR4-LASP1-elF4F Axis. An illustrati of CXCR4 and its relation to the elF4F complex upon stimulan with CXCL12. This
relationship is occurring through two distinctive mechasims. First, LASP1 dissociates from CXCR4 and directly intacts with elF4A and elF4B. Second,
phosphorylation of PDCD4, 4E-BP1, and elF4B is promoted thragh G protein-coupled receptor signaling. As a result, botltomplex formation increases along with
the function of elF4A. Consequently, the translation of onaenic proteins is promoted.

cell migration (L6). Therefore, it is possible that additional by regulating tumor cell adhesion events through provision of
chemokine receptors could feed into the elF4F complex vian optimal level of ROCK activity for e ective cell migration
interactions with LASP1. (80, 81). Finally, Mdm2 has been shown to promote invasive
If CXCR4 activation led to recruitment of LASP1 andductal breast carcinoma (IDC) and metastasis and is thought
elFAG into the elF4F complex and in uenced the activity ofto have additional roles beyond p583j. Taking these proteins
elF4A, it would promote the translation of oncogenic mRNAsinto account, CXCR4 could therefore have signicant (and
downstream of elF4A. As expected, many oncogenic mRNAsultifaceted) e ects on breast cancer cells through modafati
with SLS situated at theif®®TRs including survivin or BIRC5, of this translational mechanism.
cyclin D1, Mdm2, and ROCK1 were translated in response to In summary, we have explored a mechanistic relationship
CXCL12 stimulation. These proteins have appreciable roles inetween the CXCR4-LASP1 axis and the regulation of
breast cancer biology. BIRCS5 is involved in cell survivedtigh  oncoprotein synthesis through specic components of the
inhibition of caspase-mediated apoptosi&); Cyclin D1 is a elF4F complex. As a result of characterizing this novel protein
pivotal protein in the cell cycle. Although nuclear cyclin D1 axis, we hope to provide signi cant insights in the development
is known for its role in cell proliferation {3), the cytoplasmic of novel small molecule or cell-permeant biopeptide inhibitors
cyclin D1 has a novel, non-canonical role in cell migratiod{  More speci cally, inhibiting the interaction between LASP1dan
76). Cyclin D1 activates CDK4/6 which is a current target inelF4A may be one approach to sensitize triple-negative breast
the clinic for chemoresistant cases of breast cancér. (Next, cancer cells to other inhibitor2@). It is reported that targeting
ROCK1 promotes cell polarization, and persistent directionathe elF4F complex may overcome plasticity and heterogeneity
migration (chemotaxis) (8 79). Additionally, perturbation of issues associated residual disease and chemoresistance
the CXCL12-CXCR4 axis promotes breast cancer cell migratiof836, 58 59). This work may facilitate novel modalities of
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therapy against TNBC breast cancer progression and metastasitellectual discussion. DR: designed experiments, clitca
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intellectual discussion, co-wrote the paper.
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