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Abstract Lysyl oxidase ȋLOXȌ is a secreted copperǦdependent amine oxidase whose primary function is to drive collagen crosslinking and extracellular matrix stiffnessǤ LOX in colorectal cancer ȋCRCȌ synergizes with hypoxiaǦinducible factorǦͳ ȋ()FǦͳ฀ to promote tumor progressionǤ (ere we investigated whether LOXȀ()Fͳ endows CRC cells with full competence for aggressive colonization in boneǤ We show that a high LOX expression in primary tumors from CRC patients was associated with poor clinical outcomeǡ irrespective of HIF-1Ǥ Additionallyǡ LOX was expressed by tumor cells in the bone marrow from CRC patients with bone metastasesǤ In vivo experimental studies show that 
LOX overexpression in CRC cells or systemic delivery of the conditioned medium from 
LOXǦoverexpressing CRC cells promoted tumor cell dissemination in the bone marrow and enhanced osteolytic lesion formationǡ irrespective of HIF-1Ǥ Converselyǡ silencing or pharmacological inhibition of LOX activity blocked dissemination of CRC cells in the bone marrow and tumorǦdriven osteolytic lesion formationǤ In vitroǡ tumorǦsecreted LOX supported the attachment and survival of CRC cells to and in the bone matrixǡ and inhibited osteoblast differentiationǤ LOX overexpression in CRC cells also induced a robust production of )LǦ͸Ǥ )n turnǡ both LOX and )LǦ͸ were acting in concert to promote RANKLǦdependent osteoclast differentiationǡ thereby creating an imbalance between bone resorption and bone formationǤ Collectivelyǡ our findings show that LOX supports CRC cell dissemination in the bone marrow and they reveal a novel mechanism through which LOXǦdriven )LǦ͸ production by CRC cells impairs bone homeostasisǤ  
Word count (limit.: 250): 240 
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Introduction  The lysyl oxidase ȋLOXȌ family of secreted copperǦdependent amine oxidases consists of five paralogsǣ LOX and LOXǦlike ͳǦͶ ȋLOXL ͳǦͶȌǤ The primary function of the LOX family is to catalyse the covalent crosslinking of collagen and elastin in the extracellular matrixǡ thereby increasing insoluble matrix deposition and tensile strength ȋͳȌǤ )ncreased expression of LOX and LOXL2 has been consistently reported in various cancer types ȋcolorectalǡ breastǡ prostateǡ lungǡ bladderȌ ȋͳǦͷȌǤ LOX and LOXLʹ are closely associated with desmoplastic areas at the invasive front of infiltrating tumors ȋͳȌǤ They mediate collagenȀelastin crosslinking that increases extracellular matrix stiffnessǡ a process which is associated with enhanced integrinǦmediated mechanotransduction coupled to increased tumor cell invasion in breast and colorectal cancers ȋͳǡ͵ǡ͸ȌǤ LOXǦ and LOXLʹǦmediated collagen crosslinking are also responsible for enhancing outgrowth in metastatic xenograft models of breast cancer ȋͷǡ͹ȌǤ Additionallyǡ LOX enhances the metastatic trait of breast tumor xenografts in animals by stimulating 
TWIST1 transcription in tumor cells ȋͺȌǤ )n the same veinǡ hypoxiaǦinducible factorǦͳ ȋ()FǦͳȌ induces the expression of several members of the LOX family in breast cancer cellsǡ including LOX and LOXL2ǡ which then catalyses collagen crosslinking in the lungsǡ facilitating the recruitment of bone marrowǦderived cells and the subsequent colonization of the pulmonary tissue by tumor cells ȋͷǡ ͻǦͳͳȌǤ Furthermoreǡ we have shown that LOX synergizes with ()FǦͳ in promoting in vivo growth of colorectal tumors ȋʹȌǤ These experimental results ȋʹǡ ͵ǡ ͷǦͳͳȌ probably explain why increased expression of LOX and LOXL2 in primary tumors ȋcolorectalǡ breastǡ lungǡ prostateȌ is associated with distant relapse and poor survival ȋͳȌǤ )ndeedǡ targeting of LOX and LOXLʹ with the LOX inhibitor βǦaminoproprionitrile ȋβAPNȌ or functionǦblocking antibodies ȋABͲͲʹ͵ǡ GS͵ͶͳȌǡ respectivelyǡ is efficacious at reducing metastatic tumor burden in xenograft 
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models of cancer ȋ͹ǡͳʹǡͳ͵ȌǤ Thusǡ there is a body of experimental evidence indicating that LOX and LOXLʹ facilitate the development of metastases in distant organsǡ such as the lungsǡ liverǡ and brainǤ Surprisinglyǡ little is known regarding the role of LOX proteins during bone metastasis formationǤ   )n bone metastasisǡ metastatic cancer cells residing in the bone marrow alter the functions of boneǦresorbing ȋosteoclastsȌ and boneǦforming ȋosteoblastsȌ cells and hijack signals coming from the bone matrix ȋͳͶȌǤ By disrupting the physiological balance between bone resorption and bone formationǡ metastatic cells therefore promote skeletal destructionǤ The detection rate of disseminated tumor cells ȋDTCȌ in the bone marrow from colorectal cancer ȋCRCȌ patients receiving curatively intended surgery is ʹ͹Ψ and their presence is associated with a poor clinical outcome ȋͳͷǡͳ͸ȌǤ This detection rate is relatively high and comparable to what is observed in boneǦtropic cancers such as breast cancer ȋabout ͵ͲΨȌ ȋͳͷȌǡ which is in intriguing contrast to the low incidence of overt bone metastases in CRC ȋͳ͹ȌǤ A current hypothesis gaining ground is that DTCs may be representative of dormant tumor cells with the ability to escape dormancy upon receiving appropriate stimuli from the microenvironment ȋͳͺȌǤ Given the role of LOX in driving collagen crosslinking and extracellular matrix stiffness ȋͳȌǡ we hypothesized that LOX in CRC may be one of the factors that endow DTCs with full competence for aggressive colonization in boneǤ )nterestinglyǡ it has been very recently shown during the course of this study that hypoxiaǦinduced LOX in breast cancer cells generates premetastatic osteolytic lesions in animals through the stimulation of NFATcͳǡ a master regulator of osteoclastogenesis ȋͳͻȌǤ (ereǡ we investigated the role of LOX and its regulator ()FǦͳα in CRC bone metastasesǤ   
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Materials and Methods 
Reagents, human CRC cell lines, and animals. All chemicals were obtained from SigmaǦAldrich ȋBuchsǡ SwitzerlandȌǡ unless otherwise specifiedǤ Primer pairs used for quantitative realǦtime PCR analysis are listed in Supplementary Table SͳǤ (uman CRC cell lines were obtained from the ATCC ȏ(ctͳͳ͸ and (Tʹͻ ȋyear ʹͲͲ͹ȌǢ LSͳ͹ͶTr ȋyear ʹͲͲͻȌȐǤ  They were tested for authentication by DNA fingerprinting using short tandem repeat ȋSTRȌ method in ʹͲͳͲǤ The mutation in the ras protoǦoncogene was tested in ʹͲͳͶǤ (ctͳͳ͸ cells were maintained in RPM)Ǧͳ͸ͶͲǦGlutamax ȋ)nvitrogenȌ with ͳͲΨ ȋvȀvȌ fetal calf serum ȋFCSȌ ȋLife technologiesǡ Carlsbadǡ CAǡ USAȌǡ ͳͲmM (EPESǡ ͳmM sodium pyruvateǡ and ͲǤͳmM non essential amino acids ȋ)nvitrogenȌ at ͵͹ ιCǤ (Tʹͻ and LSͳ͹ͶTr cells were grown in DMEMǦglutamax ȋ)nvitrogenȌǡ ͳͲΨ ȋvȀvȌ FCS and ͷͲɊgȀml gentamycinǤ These cells were first transduced with lentiviral shRNA particles targeting 
LOX ȋshLOXȌ or a control sequence ȋshCTLȌ then coǦtransduced with particles containing an empty vector ȋEVȌ or a LOXǦexpressing vector ȋLOXΪȌ under the control of a doxycycline ȋdoxȌǦinducible promoterǡ as previously described ȋʹȌǤ Transduced cell lines initially called shCTLȀEVǡ shLOXȀEV ȋcells silenced for endogenous LOXȌ and shCTLȀLOXΪ ȋcells overexpressing LOX in an inducible mannerȌ ȋʹȌ were namedǡ respectivelyǡ Ctrlǡ LOXǦ and LOXΪ for brevityǤ Additionallyǡ Ctrl and LOXΪ (ctͳͳ͸ cells were coǦtransduced with lentiviral shRNA particles targeting HIF-1a ȋCtrlȀ()FͳαǦ and LOXΪȀ()FͳαǦǡ respectivelyȌǡ as previously described ȋʹȌǤ   FourǦweekǦold female BalbȀc immunocompromised mice were purchased from Janvier ȋSaintǦBerthevinǡ FranceȌǤ Animals were maintained in a ͳʹǦh lightǦdark cycle and given free access to food and waterǤ All procedures involving animalsǡ including their housing and careǡ the method by which they were culledǡ and experimental 
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protocols were conducted in accordance with a code of practice established by the local ethical committee of the University of LyonǤ 
Immunohistochemistry. CRC tissue specimens ȋprimary tumors and bone metastasesȌ were obtained from the Department of Pathologyǡ (ospices Civils de LyonǤ Tumor sections ȋͷρmȌ were deǦparaffinizedǡ treated with pepsin for ͳͷǦmin at ͵͹ιC ȋZymedǡ )nvitrogen̺ Carlsbad USAȌǡ and processed for immunohistochemical staining using a LOX antibody ȋͳǣʹͷͲ dilutionǢ ab͵ͳʹ͵ͺ AbcamȌǤ  
LOX activity measurement. LOX activity was measured using a fluorescent assayǡ according to manufacturerǯs instructions ȋabͳͳʹͳ͵ͻ AbcamȌǤ  
ELISA. Conditionned media from LOXǦ and LOXΪ͓(ctͳͳ͸ were collectedǡ and )LǦ͸ was measured by EL)SAǡ according to  manufacturerǯs instructions ȋClinisciencesȌǤ  
Protein extraction and Western blotting. Proteins were extracted in R)PA bufferǡ electrophoresed on a SDSǦpolyacrylamide gel ȋLife technologiesȌǡ then transferred onto nitrocellulose membranes ȋMilliporeǡ Billericaǡ MAȌ and proteins were probed with a primary antibody against STAT͵ ȋ(PͳͲͲͳ͸͹ͳǡ ͳǣ͵ͲͲ dilutionǡ SigmaȌǡ STAT͵Y͹Ͳͷ ȋͻͳͶͷǡ ͳǣͳǡͲͲͲ dilutionǡ Cell SignalingȌǡ Src ȋʹͳʹ͵ǡ ͳǣͳǡͲͲͲ dilutionǡ Cell SignalingȌǡ SrcYͶͳ͸ ȋ͸ͻͶ͵ǡ ͳǣͳǡͲͲͲ dilutionǡ Cell SignalingȌǡ FAK ȋͲͷǦͷ͵͹ǡ ͳǣͳǡͲͲͲ dilutionǡ UpstateȌǡ FAKYͲʹͷ ȋ͵ʹͺͶǡ ͳǣͳǡͲͲͲ dilutionǡ Cell SignalingȌǡ Akt ȋͻʹ͹ʹǡ ͳǣͳǡͲͲͲ dilutionǡ Cell SignalingȌǡ AktT͵Ͳͺ ȋͶͲͷ͸ǡ ͳǣͳǡͲͲͲ dilutionǡ Cell SignalingȌǡ tubulin ȋTͷͳ͸ͺǡ ͳǣʹǡͲͲͲ dilutionǡ SigmaȌ or GAPD( ȋabͻͶͺͷǡ ͳǣʹǡͷͲͲ dilutionǡ AbcamȌǤ After incubation with primary antibodiesǡ membranes were incubated with horseradish peroxide ȋ(RPȌǦconjugated secondary goat antiǦmouse ȋͳǣʹǡͲͲͲ dilutionǡ BioRadȌ or goat antiǦrabbit ȋͳǣʹǡͷͲͲ dilutionǡ BioRadȌ 
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antibodyǤ )mmunostaining was performed with enhanced chemiluminescence ȋECLȌ detection system ȋPerkin ElmerȌǤ  
Functional cell-based assaysǤ Ctrlǡ LOXǦ and LOXΪ (ctͳͳ͸ cells ȋͶxͳͲ͸ȀmlȌǡ treated or not treated with ͵ͷͲµM βAPN or ͳͲͲ µgȀml tocilizumab ȋRoactemraǡ RocheȌǡ were cultured for Ͷͺh in complete RPM) medium without phenol redǤ Conditioned media were then collectedǡ centrifuged and stored as aliquots at ǦͺͲιC until usedǤ LOX production was analyzed by western blottingǡ as previously described ȋʹȌǤ   For cell adhesion assaysǡ experiments were conducted as previously described ȋʹͲȌǤ Brieflyǡ ͻ͸Ǧwell tissue culture plates were coated with increasing concentrations of typeǦ) collagen or fibronectin ȋͲǤͲͳmgȀcmʹ to ͳͲͲmgȀcmʹȌ and incubated overnight at ͶιCǤ Cells ȋͶέͳͲͶ cellsȀͲǤͳ mlȀwellȌ were starved for ͳ͸ hours then plated to extracellular matrix proteins for ͸Ͳ min at ͵͹ιC in a ͷΨ COʹ atmosphereǤ After washingǡ adherent cells were fixed and stained with ͲǤͳΨ ȋwȀvȌ crystal violetǤ The dye was eluted with ʹΨ ȋwȀvȌ SDS and the optical density quantified at ͷͻͷ nmǤ Alternativelyǡ ͻ͸Ǧwell tissue culture plates were coated with rat tail typeǦ) collagen ȋͳͷ µgȀcmʹȌ overnight at ͶιCǤ Following incubation with ͳΨ BSA for ͵Ͳ minǡ cells ȋͳέͳͲͷ cellsȀͲǤͳ mlȀwellȌ were incubated for ͳh at ͵͹ιC in a ͷΨ COʹ atmosphereǤ After washingǡ adherent cells were fixed and stained with hematoxylin and fuschinǤ  For tumor spheroidǦformation assaysǡ ͳxͳͲͶȀͲǤ͵ ml (ctͳͳ͸ cells ȋCtrlǡ LOXǦ and LOXΪȌ were seeded in CytoCapture Chambersǡ Big (exagonal Cavities ȋdiameter ʹͷͲρmȌ ȋPAAȌǤ Cells were grown in suspension in ͲǤ͵mL of MammoCultTM basal medium containing ͳͲΨ ȋvȀvȌ MammoCultTM proliferation supplement ȋStem CellȌǡ ͲǤͲͲͲͶΨ ȋwȀvȌ heparin ȋStem CellȌǡ ͳρgȀmL hydrocortisoneǡ ͳmM glutamineǡ ͷͲUȀmL penicillinǡ ͷͲρgȀmL streptomycin ȋLife TechnologiesȌǡ with or without ͵ͷͲρM șAPNǤ After ͷ days 
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in cultureǡ tumor spheroids were imaged under a microscope ȋConfocalǦLeica SPͷ XȌ and quantified using Fiji softwareǤ Spheroids of at least ͸Ͳρm in diameter were countedǤ  
Osteoclastogenesis assay. Experiments were conducted as described previously ȋʹͳȌǤ Brieflyǡ bone marrow cells from ͸ǦweekǦold OFͳ mice were cultured for ͹ days in αǦMEM medium ȋ)nvitrogenȌ supplemented with ͳͲΨ ȋvȀvȌ FCSǡ ʹͲ ngȀml MǦCSF ȋRƬD SystemsȌ and ʹͲͲ ngȀml RANKLǡ alone or in combination ȋfrom day ͳ to day ͹Ȍ with the conditioned media from transduced (ctͳͳ͸ cells ȋCtrlǡ LOXΪ and LOXǦȌ ȋʹͷ µgȀmlȌ or with recombinant LOX ȋͳͷͲ ngȀmlȌǤ After ͹ days in cultureǡ mature osteoclasts were enumerated under a microscope on the basis of the number of nuclei ȋmore than three nucleiȌ and TRAP activityǤ  
NFATc1 staining.  Cultured osteoclasts on coverslips were fixed for ͳͷ min in ͶΨ PFA then permeabilized with ͲǤͳΨ Triton XǦͳͲͲ in PBS for ͳͲ minǤ Saturation was performed with ͷΨ normal goat serum in ͲǤͳΨ PBSǦTweenʹͲ ȋNGSȌ for ʹhǤ Monoclonal antibody to NFATcͳ ȋSCǦ͹ʹͻͶǡ Santa CruzȌǡ diluted ͳǣͳͲͲ in NGSǡ was incubated ͳh at room temperature andǡ after washingǡ coverslips were further incubated for another ͳh with a secondary goat antiǦmouse antibody coupled to Alexa Fluor Ͷͺͺ ȋͳǣ͵ͲͲ dilution in PBSȌǤ Coverslips were then mounted in FluorSave Reagent ȋCalbiochemȌǤ 
Osteoblastogenesis assay. Experiments were conducted as previously described ȋʹʹȌǤ Brieflyǡ calvaria of ͵ǦdayǦold OFǦͳ mice were dissected then cells were enzymatically isolated by sequential digestion with collagenase and plated into ʹͶǦwell platesǤ After ʹͶ-h incubationǡ ȽǦMEM medium containing ͳͲΨ ȋvȀvȌ FCS was changed and supplemented with ͷͲɊgȀml ascorbic acid and with or without conditioned medium from transduced (ctͳͳ͸ cells ȋCtrlǡ LOXΪ and LOXǦȌǤ Medium was changed every other 
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day for ʹͳ daysǤ ͳͲmM sodium ȾǦglycerophosphate was added for the last week of the experimentsǤ At day ʹͳǡ bone mineralized nodules were fixed and stained with von Kossa stainingǤ  
Animal studies. CRC cell lines ȋͷxͳͲͷ cells in ͳͲͲ µl PBSȌ were inoculated intraǦarterially into anesthetised female BalbȀc nude miceǤ When specifiedǡ ͵ͲͲ µl of conditioned medium from transduced (ctͳͳ͸ cells were intraperitoneally injected daily into miceǤ For LOX inhibitionǡ animals were treated with ͲǤʹΨ ȋwȀvȌ βAPNǡ supplied in the drinking waterǤ For blockade of )LǦ͸ receptorǡ animals were treated every other day with tocilizumab ȋͷͲ mgȀkgǡ iǤpǤȌǤ The progression of skeletal tumor burden was monitored by wholeǦbody bioluminescence imaging ȋNightOwlǡ Berthold TechnologiesȌǡ following subcutaneous administration of luciferin ȋͳͲͲ mgȀkg in PBSǢ PromegaȌ ͳͲ min prior to imagingǤ The progression of osteolytic lesions in the skeleton of anesthetised animals was monitored by radiographyǡ using a cabinet XǦray system ȋMXǦʹͲǢ Faxitron XǦray CorporationȌǤ The area of osteolytic lesions was measured using ExploraǦNova Morpho Expert softwareǤ Animals were sacrificed on day ͹ or ͵ͷ after tumor cell inoculationǡ and hind limbs were collected for histology and histomorphometric analysesǤ 
Bone histology and histomorphometry. Bone histology and histomorphometric analysis of bone tissue sections were performed on decalcifiedǡ ͷǦɊm boneǦtissue sections stained with Goldnerǯs Trichromeǡ as previously described ȋʹͳȌǤ For histomorphometric measurementsǡ the bone volume ȋBVȌȀtissue volume ȋTVȌ and tumor volume ȋTuVȌȀsoft tissue volume ȋSTVȌ ratios represent the percentages of bone and tumor tissueǡ respectivelyǤ Additionallyǡ osteoclasts within bone tissue sections 
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were stained using a TRAP activity kit assayǤ The resorption surface ȋOcǤSȀBSȌ was calculated as the ratio of TRAPǦpositive trabecular bone surface ȋOcǤSȌ to the total bone surface ȋBSȌ using the image analysis system MorphoExpert ȋExploraǦnovaȌǤ 
Ex vivo micrometastasis experiments. ExǦvivo micrometastasis experiments were conducted as previously described ȋʹͳȌǤ Animals were culled on day ͹ or day ͵ͷ after tumor cell inoculationǤ (ind limbs were collected and tibiae and femurs were minced then soaked in an enzyme cocktail containing ͵ͲͲUȀml typeǦ) collagenase and ͳͲͲ UȀml hyaluronidase ȋStemCell TechnologiesȌ in DMEM medium for ʹ hours at ͵͹ιCǤ After incubationǡ bone marrow cell suspensions were seeded in ͸Ǧwell plates and cultured in complete mediumǤ After ͳǦdayǡ cultured cells were placed under puromycin selection for ʹ weeksǡ enabling the selective outgrowth of antibioticǦresistant tumor cellsǤ Tumor cell colonies were then fixedǡ stained with ͲǤͷΨ ȋvȀvȌ crystal violet and countedǤ 
Clinical correlation analyses. Gene expression data and clinical annotations were downloaded from The Cancer Genome Atlas for colorectal cancer and previously published datasets downloaded from the Gene Expression Omnibus ȋGSEͳ͸ͳʹͷǡ GSE͵͵ͳͳ͵ǡ GSEͶͳʹͷͺǡ GSEͳ͹ͷ͵͸ǡ GSE͵ͳͷͻͷǡ GSEͳʹͻͶͷȌ ȋsee Supplementary Table SʹȌǤ  
Statistical Analysis. All experimental data are presented as mean values ά SDǤ Statistical comparisons of values were made using the MannǦWhitney UǦtestǤ DiseaseǦfree survival Kaplan Meier analyses were performed using the logǦrank ȋMantelǦCoxȌ testǤ Correlation analyses were performed by the Spearman Rank test and the Pearson correlationǤ All tests were twoǦsidedǡ and P values less than ͲǤͲͷ were considered statistically significantǤ 
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Results 

LOX expression in colorectal cancer is clinically associated with poor prognosis.  As a first step towards evaluating the role of LOX and its regulator ()FǦͳα in CRC bone metastasesǡ we conducted a metaǦanalysis in a cohort of CRC patients ȋn α ͷͷʹȌ and found that high LOX expression in primary tumors was associated with poor overall survival ȋp α ͲǤͲͳͲͻȌ and poor relapseǦfree survival ȋp α ͲǤͲʹȌ ȋSupplementary FigsǤ Sͳa and SͳbȌǤ Additionallyǡ high LOX expression was a negative determinant of relapseǦfree survivalǡ irrespective of HIF-1α levels ȋSupplementary FigǤ SͳcȌǤ Using immunohistochemistry with a antiǦLOX antibodyǡ we examined ͷ CRC patients with bone metastasesǡ including ͵ patients for whom we had pairs of primary tumors and their matching bone metastasesǤ Although all of the matching primary and metastatic tumors expressed LOXǡ there was a preferrential moderateǦtoǦstrong staining for LOX associated with the carcinoma cells in bone metastases for all ͷ patients ȋFigǤ ͳ and Supplementary FigǤ SͳdȌǤ 
 

Tumor-secreted LOX in colorectal cancer generates osteolytic lesions in animals.  

 We next investigated the role for LOX and ()FǦͳα in CRC bone metastasis formationǡ using human (ctͳͳ͸ cells ȋCtrlȌ previously transduced for ()FǦͳα silencing ȋCtrlȀ()FǦͳαǦȌ andȀor LOX overexpression ȋLOXΪ Ǣ LOXΪȀ()FǦͳαǦȌ ȋʹȌǤ Compared to Ctrl and CtrlȀ()FǦͳαǦ tumorǦbearing animalsǡ bioluminescent LOXΪ (ctͳͳ͸ cells were readily detected in the hind limbs of animals at day ͵ͳǦpost injectionǡ irrespective of 
HIF-1� expression ȋFigǤ ʹaȌǤ Additionallyǡ there was a similar effect on osteolytic lesions in LOXΪ and LOXΪȀ()FǦͳαǦ tumorǦbearing animals and the extent of lytic lesions was ʹǤͷǦfold higher than that of animals bearing CtrlǦ or CtrlȀ()FǦͳα− tumors ȋFigǤ ʹbȌǤ 
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(enceǡ these data indicated that tumorǦsecreted LOX promotes osteolytic lesion formation in vivo, irrespective of HIF-1α expressionǤ   To further address the role of LOX in osteolytic lesion formationǡ we used two additional previously published human CRC cell lines ȋ(Tʹͻ and LSͳ͹ͶTrȌ in which LOX expression has been overexpressed or silenced ȋʹȌǤ The modulation of LOX expression did not affect the expression of other members of the LOXǦlike family ȋSupplementary Table S͵ȌǤ We observed that LOXǦoverexpressing (cͳͳ͸ǡ (Tʹͻ and LSͳ͹ͶTr cells caused osteolytic lesions in animals at day ͵ͷǦpost injection ȋFigǤ ʹcȌǤ The extent of osteolytic lesions in LOXΪ tumorǦbearing animals was ͵Ǧ to ͷǦfold higher than that of animals bearing Ctrl or LOXǦ tumors ȋFigǤ ʹcȌǤ  Additionallyǡ the treatment of LOXΪ (ctͳͳ͸ tumorǦbearing animals with the LOX inhibitor βAPN for ͵ͷ daysǡ prolonged bone metastasisǦfree survival to a level similar to that observed with animals bearing LOXǦ or CtrlǦ(cͳͳ͸ tumors ȋSupplementary FigǤ SʹȌǤ (istomorphometric analysis of hind limbs with metastases from animals bearing (ctͳͳ͸ tumors showed that the BVȀTV ratio ȋa measure of the bone volumeȌ was decreased in LOXΪ tumorǦbearing animalsǡ compared with LOXǦ and Ctrl tumorǦbearing animals ȋFigǤ ʹd and Table ͳȌǤ This difference was accompanied with a substantial increase in the TRAP staining of bone tissue sections of metastatic legs from LOXΪ tumorǦbearing animals ȋindicating a stimulation of activeǦosteoclast resorption surfacesȌ ȋFigǤ ʹd and Table ͳȌǤ Additionallyǡ there was a dramatic increase in the TuVȀSTV ratio ȋa measure of the skeletal tumor burdenȌ in LOXΪ tumorǦbearing animalsǡ compared with animals bearing CtrlǦ and LOXǦ tumors ȋFigǤ ʹd and Table ͳȌǤ   To further examine LOXǦdependencyǡ nude mice were treated with the conditioned medium from LOXΪ or LOXǦ (ctͳͳ͸ cells beginning ͳ day ȋDǦͳȌ before intraǦarterial inoculation of parental (ctͳͳ͸ cells ȋDͲȌǤ The daily treatment with the conditioned 
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medium then continued until day ͵ͷ ȋD͵ͷȌǡ at which time anesthetised animals were analysed by radiography ȋFigǤ ͵aȌǤ Radiographs of animals showed that mice treated with the LOXΪ conditioned medium had a ͸Ǧfold increase in the extent of osteolytic lesionsǡ compared to that observed with the LOXǦ medium ȋFigure ͵bȌǤ The bone marrow of ͵ metastatic mice per group was then collected and placed in culture under antibiotic selectionǡ enabling the selective outgrowth of antibioticǦresistant tumor cells ȋFigǤ ͵cȌǤ The average number of colonies recovered from the bone marrow of mice treated with the LOXΪ conditioned medium was ʹǤͷǦfold higher than that recovered from animals treated with the LOXǦ conditioned medium ȋ͵ͶͶ ά ͸Ͳ vs ͳʹͳ ά ʹͷ coloniesȀwellȌ ȋP α ͲǤͲͺȌ ȋFigǤ ͵cȌǤ (enceǡ LOX plays a prominent role in supporting osteolytic lesion formation in vivo and tumor cell dissemination ex vivoǤ  
LOX disrupts the balance between bone resorption and bone formation.  By disrupting the physiological balance between bone resorption and bone formationǡ tumor  cells promote skeletal destruction ȋͳͶȌǤ To directly test whether LOX expression in (ctͳͳ͸ cells could influence osteoclast differentiationǡ we treated primary mouse bone marrow cell cultures with RANKL and MǦCSF together with the conditioned medium from Ctrlǡ LOXǦ and LOXΪ cancerous cellsǤ Consistent with in vivo data ȋFigǤ ʹdȌǡ the conditioned medium from LOXΪ (ctͳͳ͸ cells stimulated the formation of TRAPǦpositive multinucleated osteoclastsǡ compared to conditioned media from CtrlǦ and LOXǦ (ctͳͳ͸ cells ȋFigǤ ͶaȌǤ As aforementionedǡ βAPN treatment of LOXΪ tumorǦbearing animals inhibited osteolysis ȋSupplementary FigǤ SʹȌǤ Similarlyǡ βAPN almost completely inhibited LOX enzymatic activity in the conditioned medium from LOXΪ (ctͳͳ͸ cellsǡ compared to that observed with the conditioned medium from LOXǦ (ctͳͳ͸ cells ȋSupplementary FigǤ S͵ȌǤ Additionallyǡ βAPN blocked the stimulatory effect of LOXΪ on 
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osteoclastogenesis ȋFigǤ ͶaȌǡ indicating that the promoting effect of LOX on RANKLǦdependent osteoclastogenesis critically depends on its enzymatic activityǤ    LOX overexpression induced a robust production of )LǦ͸ by (ctͳͳ͸ cellsǡ whose production was almost totally inhibited by βAPN treatment ȋFigǤ ͶbȌǤ TumorǦderived )LǦ͸ can act as an autocrine agent and activate the signal transducer and activator of transcription ͵ ȋSTAT͵Ȍ signalling pathway in CRC cells ȋʹ͵ǡʹͶȌǤ )n agreement with these findings ȋʹ͵ǡ ʹͶȌǡ STAT͵ phosphorylation levels were substantially increased in LOXΪ(ctͳͳ͸ cellsǡ compared to CtrlǦ and LOXǦ (ctͳͳ͸ cells ȋFigǤ ͶcȌǤ Additionallyǡ blockade of the )LǦ͸ receptor by tocilizumab abrogated STAT͵ phosphorylation in LOXΪ(ctͳͳ͸ cellsǡ compared with untreated cells ȋFigǤ ͶcȌǤ Thusǡ our data revealed a previously unreported functional link between LOX and )LǦ͸ǡ in which LOXǦdriven )LǦ͸ production by CRC cells promotes )LǦ͸RȀSTAT͵ signaling pathwayǤ This link extended to the clinicǡ because LOX and IL-6 significantly correlated across ͹ publically available databases on CRCǡ when analysed independently or in combination ȋFigǤ Ͷd and Supplementary FigǤ SͶȌǤ The addition of )LǦ͸ to the conditioned medium of LOXǦ (ctͳͳ͸ cells stimulated osteoclast formation to an extent similar to that observed with the conditioned medium from LOXΪ (ctͳͳ͸ cells ȋFigǤ ͶeȌǤ Moreoverǡ tocilizumab inhibited osteoclastogenesis induced by the LOXΪ conditioned mediumǡ and an additive inhibitory effect on osteoclast formation was observed when combining tocilizumab and βAPN ȋFigǤ ͶfȌǤ These results ȋFigǤ ͶeǦfȌ suggested that both )LǦ͸ and LOX were effective stimulators of RANKLǦdependent osteoclastogenesisǤ )ndeedǡ in agreement with previous findings ȋʹͷȌǡ we observed that recombinant LOX in combination with RANKLΪMǦCSF stimulated the formation of osteoclasts in vitroǡ compared to control ȋRANKLΪMǦCSFȌ ȋFigǤ ͷaȌǤ Additionallyǡ LOX promoted a greater nuclear localization of NFATcͳǡ the master regulator of osteoclastogenesisǡ than RANKLΪMCSF alone ȋͺͷ vs 
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͵ͲΨ of positive nuclear stainingǢ P δ ͲǤͲͳȌ ȋFigǤ ͷbȌǤ LOX alone did not stimulate osteoclastogenesis ȋdata not shownȌǤ (enceǡ tumorǦsecreted LOX and )LǦ͸ were acting in concert to promote the generation of differentiated osteoclasts induced by RANKLǤ  To determine whether LOX expression in (ctͳͳ͸ cells could also influence osteoblast differentiationǡ we treated primary calvarial mouse osteoblasts with the conditioned medium from Ctrlǡ LOXΪ or LOXǦ (ctͳͳ͸ cellsǤ We found that the conditioned medium from LOXΪ(ctͳͳ͸ cells partially inhibited the formation of bone nodules and their mineralizationǡ compared to conditioned media from Ctrl and LOXǦ (ctͳͳ͸ cells ȋFigǤ ͷcǦdȌǤ  Collectivelyǡ our findings suggested that tumorǦderived LOX induces an imbalance between bone resorption and bone formationǡ which leads to bone destruction in vivoǤ   
LOX primes tumor cells for dissemination to the bone marrow   To determine the role of LOX in the settlement of tumor cells in the bone marrowǡ animals injected with parental (ctͳͳ͸ cells were treated daily from DǦͳ to D͹ with the conditioned medium from LOXǦ or LOXΪ (ctͳͳ͸ cellsǡ with or without tocilizumab or 
βAPN treatmentǤ The bone marrow was then collected and placed in culture under antibiotic selectionǡ enabling growth of tumor cells that have disseminated to the bone marrow ȋFigǤ ͸aȌǤ  We recovered colonyǦforming tumor cells in the bone marrow from ͹ out of ͳͲ animals treated with the LOXΪ conditioned mediumǡ whereas only ʹ out of ͺ animals treated with the LOXǦ conditioned medium had tumor cell colonies in the bone marrow ȋFigǤ ͸bȌǤ Moreoverǡ the average number of colonyǦforming tumor cells recovered from the bone marrow of the ͹ metastatic mice treated with the LOXΪ conditioned medium was ͶǦfold higher than that recovered from the ʹ mice treated with the LOXǦ conditioned medium ȋFigǤ ͸bȌǤ The treatment of animals with βAPN completely 
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blocked the stimulatory effects of LOX on incidence ȋͳ out of ͸ animalsȌ and number of colonyǦforming tumor cells in the bone marrow ȋFigǤ ͸bȌǤ )n sharp contrastǡ tocilizumab did not inhibit LOX stimulatory effect on tumor cell dissemination ȋfigǤ ͸bȌǤ  Thusǡ these data indicate that LOX ȋirrespective of )LǦ͸Ȍ is crucially important in the settlement of tumor cells in the bone marrowǤ  
LOX promotes tumor cell adhesion and survival  We have previously reported that LOX overexpression in breast cancer cells induces bone metastasisǡ a phenotype associated with its ability to induce the expression of a major epithelialǦtoǦmesenchymal ȋEMTȌǦtranscription factorǡ TWIST1 ȋͺȌǤ Additionallyǡ we have shown that TWIST1 facilitates breast cancer bone metastasis formation ȋʹͳȌǤ  We therefore proceeded to explore whether LOX promoted tumor cell colonization in bone via induction of EMTǤ (ctͳͳ͸ cells expressed detectable levels of genes encoding for EMTǦinducing transcription factorsǡ such as TWIST1 and SNAI1 ȋSupplementary FigǤ SͷȌǤ LOX expression in (ctͳͳ͸ cells did not modify the morphological appearance of these cells and it did not modify TWIST1ǡ SNAI1 or vimentin ȋVIM) expression ȋsupplementary FigǤ SͷȌǡ indicating that LOX in colon cancer cells does not contribute to bone marrow colonization by promoting an EMTǤ  Early steps of bone metastasis involve the attachment and survival of DTCs to and in the bone matrix ȋͳͶȌǡ two properties we examined using in-vitro assaysǤ Collagens constitute ͻͲΨ of the total protein content in boneǡ typeǦ) collagen being the most abundant bone extracellular matrix protein ȋʹ͸ȌǤ Cell attachment experiments to typeǦ) collagen were therefore performed using Ctrlǡ LOXǦ and LOXΪ(ctͳͳ͸ cellsǤ As shown in FigǤ ͸cǡ there was a significant gain in the attachment of LOXΪ(ctͳͳ͸ cells to collagenǡ compared to Ctrl (ctͳͳ͸ cellsǤ The attachment of LOXǦdeficient tumor cells was lower 
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than that observed with Ctrl (ctͳͳ͸ cells ȋFigǤ ͸cȌǤ )n contrastǡ the extent of attachment of (ctͳͳ͸ tumor cell lines to fibronectin was the sameǡ irrespective of LOX expression levels ȋSupplementary Figure S͸ȌǤ Using (ctͳͳ͸ cells silenced for LOX expression ȋLOXǦȌ as a control to measure baseline cell attachment to collagenǡ we conducted cell attachment experiments with LOXΪ(ctͳͳ͸ cellsǡ in the presence or absence of βAPN or tocilizumabǤ As shown in FigǤ ͸cǡ βAPN abrogated the gain of attachment of LOXΪ(ctͳͳ͸ cells to collagen ȋLOXΪ βAPNȌǡ compared to that observed with untreated cells ȋLOXΪȌ or LOX+(ctͳͳ͸ cells treated with tocilizumabǤ LOX stimulated Aktǡ Srcǡ and FAK phosphorylation in tumor cells previously attached to collagen ȋFigǤ ͸cȌǤ Additionallyǡ 
βAPN ȋbut not tocilizumabȌ inhibited stimulatory effect of LOX on Aktǡ Srcǡ and FAK phosphorylation ȋFigǤ ͸cȌǤ (enceǡ these observations suggested that LOX activity is important to mediate CRC cell attachment to typeǦ) collagenǤ    Once tumor cells seed in the bone marrowǡ they need to survive in this microenvironmentǤ A relevant in vitro feature of CRC cell survival is their ability to grow as colonospheres ȋʹ͹ȌǤ We thus asked whether Ctrlǡ LOXǦǡ and LOXΪ (ctͳͳ͸ cells could form colonospheres in serumǦfree mediumǤ )ndeedǡ LOXΪ(ctͳͳ͸ cells formed a higher number of colonospheres than the two other (ctͳͳ͸ cell linesǡ and growth of LOXΪ(ctͳͳ͸ cells as colonospheres was significantly inhibited in the presence of βAPN ȋSupplementary FigǤ ͹ and data not shownȌǤ Thusǡ LOX can provide CRC cells with a survival advantage in the bone marrowǤ  
Discussion  A large body of preclinical and clinical evidence has shown that LOX expression in tumors facilitates the progression of several cancers and the development of metastases 
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to distant organsǡ such as the lungsǡ liverǡ and brain ȋͳǡʹǡͶǡ͹ǡͻǡͳͲȌǤ )ndeedǡ LOX has been identified as an important regulator of hypoxiaǦinduced tumor progression via a ()FǦͳαǦdependent mechanism in numerous cancer types ȋͳǡͻǦͳͳȌǤ Surprisinglyǡ aside from a very recent report that hypoxiaǦinduced LOX promotes bone metastasis of breast cancer ȋͳͻȌǡ there was no evidence as to whether this is a generalised functionǢ i.eǤ if tumorǦderived LOX participates in the development of bone metastasis in other cancer modelsǡ such as colon cancerǤ We have previously shown that LOX synergizes with ()FǦͳα in promoting in vivo growth of colorectal cancers ȋʹȌǤ )n the present studyǡ we found that LOX was expressed by tumor cells in the bone marrow from CRC patients with bone metastases and thatǡ irrespective of HIF-1α expressionǡ tumorǦsecreted LOX promoted settlement of CRC cells in the bone marrow and induced a robust expression of )LǦ͸ by these tumor cellsǤ )n turnǡ both LOX and )LǦ͸ played a prominent role in enhancing RANKLǦdependent differentiation of mature osteoclastsǤ )n breast cancerǡ it has been shown that LOX stimulates the generation of differentiated osteoclasts through the activation of NFATcͳ ȋͳͻȌǤ LOX secreted from CRC cells also promoted the nuclear translocation of NFATcͳ in osteoclastsǤ Additionallyǡ LOX inhibited osteoblast differentiationǡ thereby creating an imbalance between bone resorption and bone formationǤ Based on these findings we propose a model in which LOX supports CRC cell dissemination in the bone marrow and LOXǦdriven )LǦ͸ production by CRC cells impairs bone homeostasisǡ thereby promoting osteolytic lesion formation in vivo ȋFigǤ ͸dȌǤ   (aving shown that tumorǦsecreted LOX drives osteolytic lesion formation in vivo, we then attempted to determine the specific steps of bone colonization to which LOX functions are manifestedǤ )t has been previously reported that LOX enhances the metastatic trait of breast tumors in animals by stimulating TWIST1 expression in tumor cells ȋͺȌǤ Additionallyǡ LOX overexpression in breast cancer has been associated with 
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EMT of tumor cells ȋʹͺȌǤ (ereǡ LOX overexpression in (ctͳͳ͸ cells did not modify the morphological appearance of these cells and it did not modify the expression of transcription factors TWIST1 and SNAI1ǡ indicating that LOX in CRC cells did not contribute to tumor cell dissemination in bone by promoting an EMTǤ )nsteadǡ our results established that LOX ȋirrespective of )LǦ͸Ȍ is crucially important in the settlement of CRC cells in the bone marrow in vivoǤ Specificallyǡ we showed that LOX directly plays a stimulatory role in the survival of CRC cells in the bone marrow by enhancing their attachment to collagenǤ This contention was supported by the fact that ȋiȌ LOX activated the phosphorylation of Aktǡ FAK and Src in CRC cells thta were attached to collagen and ȋiiȌ the blockade of LOX activity with βAPN inhibited both CRC cell attachment to collagen and Aktǡ FAK and Src phosphorylationǤ (ereǡ cell attachment experiments to solidǦphase adsorbed collagen were conducted over ͳ hourǡ at which time collagen fibers are still disorganized ȋͳ͵ȌǤ Thusǡ irrespective of its ability to crosslink collagen fibers ȋͳȌǡ LOX specifically stimulated phosphorylation of Aktǡ Srcǡ and FAK in CRC cells attached to collagenǤ (ow LOX activity activates Aktǡ Srcǡ and FAK remains unclearǤ )t has been shown that LOX enhances integrinǦassociated signaling pathways such as FAK and Src ȋͳǡͶǡ͸ȌǤ Additionallyǡ integrins mediate CRC survival through Akt ȋʹͻȌ and we have previously reported that LOX activates Akt in CRC cells ȋʹȌǤ Thereforeǡ it is conceivable that some integrinǦmediated mechanisms are involved in promoting ȋdirectly or indirectlyȌ the effect of LOX on CRC cell adhesion to collagenǤ Our findings do not preclude the possibility that other members of the LOX family could contribute to the dissemination of CRC cells in the bone marrowǤ (oweverǡ endogenous mRNA levels of LOXL1ǡ LOXL2ǡ LOXL3 and LOXL4 in (ctͳͳ͸ cells were only barely detectable ȋʹȌǡ and LOX overexpression in these tumor cells did not modify expression levels of other LOX family members ȋSupplementary Table S͵ȌǤ 
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 Although overt bone metastasis is rare in colon cancer and frequent in breast cancerǡ the detection rate of DTCs in the bone marrow from CRC patients is comparable to what is observed in breast cancer ȋͳͷȌǤ )t seems therefore that colon cancer DTCs should harbor a mechanism to grow outǡ but this appears to be somehow blocked in colon cancer patientsǤ Only ͷ CRC patients with bone metastases were studied hereǤ (oweverǡ all of them had LOXǦpositive tumor cells in the bone marrowǤ Additionallyǡ LOX overexpression endowed CRC cells with full competence for aggressive colonization in bone in vivoǤ Environments that are rich in typeǦ) collagen may be critical for DTCsǡ promoting their transition from dormancy to metastatic growth ȋ͵ͲȌǤ Given the role of LOX in mediating CRC cell attachment to collagen and survival in the bone marrowǡ it is conceivable that LOX participates to metastatic outgrowth of DTCsǤ   )n conclusionǡ our findings collectively show that LOX supports CRC cell dissemination in the bone marrow and they reveal a novel mechanism through which LOXǦdriven )LǦ͸ production by CRC cells impairs bone homeostasisǤ We believe this is a crucially important observationǡ which supports targeting LOX for metastasis preventionǤ 
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Figure legends 
Figure 1. LOX expression in pairs of human primary colorectal carcinoma and 

their matching bone metastasis. )mmunohistochemistry was performed using ͵ pairs of patientsǯ tumor specimensǤ A strong immunostaining for LOX was observed in neoplastic cells ȋarrowsȌ andǡ to a less extentǡ in the desmoplastic tumor stromaǤ )n bone ȋȗȌǡ LOX was observed in osteocytic lacunaeǤ Scale barǣ ͳǦmmǤ 
 

Figure 2. High LOX expression in colorectal cancer cells promotes osteolytic lesion 

formation in vivo. ȋaȌ Whole body bioluminescence imaging of animals at day ͵ͳ after intraǦarterial inoculation of luciferaseǦexpressing (ctͳͳ͸ cellsǤ Ctrlǣ parental (ctͳͳ͸ cellsǤ LOXΪǣ LOXǦoverexpressing (ctͳͳ͸ cellsǤ CtrlȀ()FǦͳαǦǣ shRNAǦHIF1αǦexpressing (ctͳͳ͸ cellsǤ LOXΪȀ()FǦͳαǦ ǣ LOXǦoverexpressing (ctͳͳ͸ cells silenced for HIF-1αǤ The images shown are examples that best illustrate data obtained for each groupǤ ȋbȌ Quantification of the area of osteolytic lesions ȋmmʹȌ on radiographs on day ͵ͳ after tumor cell inoculationǤ Inset ǣ Representative radiographs of hind limbs with osteolytic lesions ȋarrowsȌǤ ȋcȌ Left-hand panelsǣ Representative radiographs of hind limbs from mice bearing (ctͳͳ͸ǡ (Tʹͻ or LSͳ͹ͶTr colorectal tumorsǤ Ctrlǣ parental tumor cellsǢ LOXΪǣ LOXǦoverexpressing tumor cellsǢ LOXǦǣ shRNAǦLOXǦexpressing tumor cellsǤ Right-

hand panels: Quantification of the area of osteolytic lesions ȋmmʹȌ on radiographs at day ͵ͷ after tumor cell inoculationǤ (d) Upper panels: Goldnerǯs trichrome staining of tissue sections of tibial metaphysis from tumorǦbearing animalsǤ Bone is stained greenǡ whereas bone marrow and tumor cells are stained redǤ The doted line delimits the extent of tumor burdenǤ Lower panelsǣ TRAPǦstained metastatic bone tissue sectionsǤ Osteoclasts are stained red ȋarrowsȌǤ All images were obtained from different mice on day ͵ͷ after tumor cell inoculationǤ The images shown are examples that best illustrate 
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LOXǯs effects on bone destruction and tumor burdenǤ Scale barǣ ͲǤͳ mmǤ Data are mean ά SDǤ ȗǡȗȗǡȗȗȗǣ p δ ͲǤͲͷǡ ͲǤͲͳ or ͲǤͲͲͳǡ respectivelyǤ NSǣ not significantǤ  
Figure 3. Systemic delivery of tumor-secreted LOX enhances osteolysis and tumor 

cell outgrowth in the bone marrow. ȋaȌ Schematic representation of the experimental protocolǤ Parental (cͳͳ͸ cells were inoculated intraǦarterially to BalbȀc nude miceǤ Animals received a ͷǦweek daily treatment with the conditioned medium from LOXǦ or LOXΪ(ctͳͳ͸ cellsǡ starting one day before tumor cell inoculationǤ TumorǦbearing mice were analyzed by radiography ȋRXȌ at day ͵ͷ after tumor cell inoculationǡ then culled and the bone marrow was collected for tumor cell colony assaysǤ ȋbȌ Quantification of osteolytic lesions ȋmmʹȌ on radiographsǤ Insetǣ Representative radiographs of hind limbs with osteolytic lesions ȋarrowsȌ from animals treated with the conditioned medium of LOXǦ or LOXΪ (cͳͳ͸ cellsǤ ȗȗǣ p δ ͲǤͲͳ ȋcȌ Graphs showing the total number of tumor cell colonies formed in the bone marrow of each mouse treated with the LOXǦ or LOXΪ conditioned mediumǤ Representative images of tumor cell colonies are shown for each groupǤ   
Figure 4. LOX-driven IL-6 production by colorectal cancer cells stimulates 

osteoclastogenesis. ȋaȌ In vitro osteoclast differentiation of murine bone marrow cells treated with MǦCSFΪRANKL in combination with the conditioned medium from CtrlǦǡ LOXǦ or LOXΪ(ctͳͳ͸ cellsǤ The conditioned medium from LOXΪ(ctͳͳ͸ cells treated with 
βAPN was also testedǤ Mature osteoclasts were quantified as multinucleated ȋmore than ͵ nucleiȌǡ TRAPǦpositive cellsǤ ȋbȌ EL)SA measurement of )LǦ͸ in the conditioned medium from CtrlǦǡ LOXǦǡ LOXΪ or LOXΪȀβAPN (ctͳͳ͸ cellsǤ ȋcȌ )mmunoblot analysis of phosphorylated STAT͵ in CtrlǦǡ LOXǦǡ and LOXΪ(cͳͳ͸ cellsǡ treated or not treated with 
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tocilizumabǤ Graphs show intensities of phosphorylated STAT͵ relative to total STAT͵Ǥ Tubulin was used as a control for equal loadingǤ (d) Correlation analysis of LOX and IL-6 expression intensities from ͹ databases on colon cancer ȋn α ͳǡͳͶ͸ patientsȌǤ (e) Effect of exogenous )LǦ͸ ȋͳͲ ngȀmlȌ on osteoclastogenesis induced with MǦCSFΪRANKL in combination with the conditioned medium of LOXǦ (ctͳͳ͸ cellsǡ compared with that of LOXΪ(ctͳͳ͸ cellsǤ (f) Effects of the antiǦ)L͸ receptor antibody tocilizumab ȋͳͲͲ ngȀmlȌ and of βǦAPN ȋ͵ͷͲµMȌ on RANKLǦdependent osteoclastogenesis in the presence of the conditioned medium of LOXΪ(ctͳͳ͸ cellsǤ ȗǡȗȗǣ p δ ͲǤͲͷ or ͲǤͲͳǡ respectivelyǤ  
Figure 5. LOX stimulates osteoclastogenesis and inhibits osteoblastogenesis. (a) Recombinant LOX ȋrLOXǢ ͳͷͲ ngȀmlȌ enhanced RANKLǦdependent osteoclast differentiationǤ (b) Conditioned medium from LOXΪ(cͳͳ͸ cells promoted the nuclear translocation of NFATcͳ in osteoclastsǡ compared to conditioned medium from parental (ctͳͳ͸ cells ȋCtrlȌǤ Nuclei are stained blue with DAP)Ǥ (c) and (d) In vitro differentiation of primary mouse calvaria cells cultured in osteogenic conditions with conditioned media from Ctrlǡ LOXǦ and LOXΪ(ctͳͳ͸ cellsǤ  Bone mineralized nodules ȋstained black with von Kossa stainingȌ were counted under light microscopyǤ Data are mean ά SDǤ ȗǡȗȗǣ 
P δ ͲǤͲͷ and ͲǤͲͳǡ respectivelyǤ  
Figure 6. Systemic delivery of tumor-secreted LOX promotes the settlement of 

colorectal cancer cells in the bone marrow. ȋaȌ Schematic representation of the experimental protocolǤ Parental (cͳͳ͸ cells were inoculated intraǦarterially to nude miceǡ then animals were treated with conditioned media of LOXǦ or LOXΪ(ctͳͳ͸ cells ȋtreated or not treated with βAPN or tocilizumabȌǤ ȋbȌ Graphs showing for each group the average number of tumor cell colonies recovered from the bone marrowǤ Each bar 
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corresponds to a single mouseǤ Data are mean ά SDǤ ȗȗǣ P δ ͲǤͲͳǤ ȋcȌ Attachement of CtrlǦǡ LOXǦ and LOXΪ(ctͳͳ͸ cells to increasing concentrations of collagenǤ Insetǣ effect of 
βAPN or tocilizumab ȋTociȌ on attachment of LOXΪ(ctͳͳ͸ cells to collagenǤ Data are mean ά SDǤ ȗǡȗȗǣ P δ ͲǤͲͷ and ͲǤͲͳǡ respectivelyǤ Right panelsǣ )mmunoblot analysis of phosphorylated Aktǡ Src and FAK in LOXǦ and LOXΪ(cͳͳ͸ cellsǡ treated or not treated with βAPN or tocilizumab ȋTociȌǤ Graphs show intensities of phosphorylated Aktǡ Src and FAK relative to total proteinsǤ Tubulin or GAPD( was used as a control for equal loadingǤ ȋdȌ Schematic representation of the role of LOX during bone metastasis formationǤ TumorǦsecreted LOX enhanced tumor cell attachment to collagenǡ activating integrinǦassociated signaling pathways ȋFakǡ Srcǡ AktȌǡ and inducing )LǦ͸ productionǤ )n turnǡ )LǦ͸ and LOX ȋthrough the nuclear translocation of NFATcͳȌ enhanced RANKLǦmediated osteoclastogenesisǡ leading to osteolytic lesion formationǤ  
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Table 1. Effects of LOX overexpression or silencing in (ctͳͳ͸ colorectal cancer cells on bone metastasis formation in animalsǤ 
Cell 

line 

Histomorphometry TRAP staining 

 BVȀTV ȋΨȌ p TuVȀSTV ȋΨȌ p OCǤSȀBS ȋΨȌ p 

Ctrl ʹ͸Ǥͷ ά ʹǤ͵ ȋnαͺȌ Ǧ ͻǤͺ ά ͸ǤͶ ȋnαͺȌ Ǧ  ͵ͳ ά ͶǤͳ ȋnαͷȌ Ǧ 
LOXΪ ͳ͵Ǥͻ ά ʹǤʹ ȋnαͺȌ 0.0006 ͷ͹Ǥ͸ ά ͷǤͷ ȋnαͺȌ 0.0016 ͹͵ ά ͸ ȋnα͹Ȍ 0.0017

LOXǦ ʹͺǤ͵ ά ʹǤͻ ȋnα͹Ȍ 0.53 ʹǤ͸ ά ʹǤͳ ȋnα͹Ȍ 0.33 ͳͻ ά ͺǤ͵ ȋnα͵Ȍ 0.09

Values are mean ά SDǤ Values of p ȋtwo sidedȌ are for pairwise comparison with the control group ȋCtrlȌ using the MannǦWhitney U testǤ  BVȀTV α bone volumeǦtoǦtissue volume ratioǢ TuVȀSTV α tumour volumeǦtoǦtotal soft tissue volume ratioǢ OCǤSȀBS α active osteoclastǦresorption surface per trabecular bone surfaceǤǢ TRAP α tartrateǦresistant acid phosphataseǤ   
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