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Abstract: Developing aurine test to deect bladder tumoursvith high serstivity and
specificity is a key goal in bladdercaner research.We hypothesised thabladder
cance-speific glycoproteins might fulli this role. Lectin-ELISAs were usedto study the
binding of 25lectinsto 10 bladdercell lines andserumand urinefrom bladdercancer
patientsand noneancer controlsSdected lectins were then used to enrich glycoproteins
from the urine of bladdecancerpatients and controkubjects foranalysis byshotgun
proteomcs. None of thelectins showeda strong preference fombladdercancercell lines
over nornal urothlelial celllines or for urinary glycandrom bladdercancerpatientsover
thosefrom non<cancer controlsHowever, seweral lectins showed astrong preferencefor
bladdercell line glycans overserumglycans andare potentially useful for enridhing
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glycoproteins originatingrom the urotheliumin urine. Aleuria alantia lectin affinity
chromatography and shotgymnoteanics identified mucin-1 and golgi apparatysotein 1
as proteinswarranting further investigationas urinary biomarkersfor low-grade bladder
cancer.Glycosylationchangesn bladdercancerare not reliably detectedby measuring
lectin binding to unfractionatedoroteames, but it is possible tht more specfic reagents
and/or a focus on individugroteinsmay producelinically useful biomarkers.

Keywor ds. bladdercancer;urine;biomarker;lectin; glycoproteome

1. Introduction

Urothelial bladdercanceris the fourth mostcommoncancerin men and ninth moscommon cancer
in women in westernsocieties[1]. This highly heterogeneoudiseae presents as aespum from
low-gradenoninvasivetumourswith a good prognosis but higkcurrenceatethroughto high-grade
muscleinvasive tumourswith a very poor prognosisLow gradetumours tendo havea nearnomal
karyotype vith few genomicrearrangements andoften haveactivating mutationsn FGFR3 and the
MAPK pathway,whereashigh-gradetumours typiclly have inactivating muationsin TP53 and/or
other tumour suppressor genemd multiple chromosonal aberrations[2]. Algorithms basedon
clinicopathological factorgan be usedto guide treatmentwhich ranges fom transurethal resection
and surveillancéor recurrencdor low-risk diseasdhroughto cystectomy andsystenic chemotherapy
for muscleinvasive and retastatidiseasg3].

Bladdertumoursaretypically detectedy flexible cystoscopya burdensme and resourciedensive
procedure Patientsundergoing survance for bladdercancerwill requirethis procedureat regular
intervalsfor manyyears[4]. Thereis thus aneedfor a urine or bloodbasedestto reducerelianceon
cystoscopy. Despitextensivereseach, most candidatarinary biomarkersfor bladdercancerdo not
show sufficient sensitivity andspeeificity to replacecystosopy [5]. Most of the propsedbiomarkers
are particularly poorat deteding low-grade NMIBC. Indeed, nourinary biomarkers havebeen
validatedas havingsufficientsensitvity andspecificityto bewidely adoptedin clinical practice[5].

A number ofurinary biomarkers havébeenproposedor the detectionof bladdercancerincluding
teds basedon miRNA[6], RNA [7], DNA [8], metabolites [9] and proteing10]. The latter may be
measuredn exfoliatedcells (e.g.,ImmunoCy®) or as solubleproteinsin the urine e.g.,NMP22 and
BTA. Unfortunatdy, none ofthesetestsare both highlyspecific andsersitive for erly stageand low
grade dseae. Nucleic acid testsbaged on DNA mehylation andmutations haveéhe advantage over
other biomakersin identifying the pesenceof a diseaespecificvariant of the moleculehatis being
detected, atherthan the totalevel of a moleculavhich may bereleasedrom bothcancerand norral
cells. Becaise bladder canceris highly heterogeneouws the nolecularlevelit is likely that a panel of
biomarkerswill be required to deect all tumous. Theaetically, highly specfic markers can be
combinedto generatean effectivetest. However,total levels of protein markers may beinfluenced by
non-malignant conditions and haaturia, limiting specifcity andthereforesuitability for inclusionin
multimarker tests. A test bagd on bladdercarcer-specific variants of proteinswould be expectedto
outperform aestbasedn the ttal levelsof these proteins.
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Numerous protemic approachebave beenapplied to analyse urinein the garchfor bladdercancer
biomarkers(reviewedin [10]). The urinary protemeis challengingo minein depth,in part dueto an
alundane of plagna proteinsard many pratomic studies hawe suggesed plasmaproteirs asbiomarkers
despite thdactthatthey are unlikelyto be specificfor bladdercancer.For example, Chest al. caried
out quantitative shotgumproteomes on pooled bladdecancerurine sanplesand noneancercontrols
using iTRAQ for relative quantitation, followedby MRM quantitation of candidate biarkers
producing a naltimarker panelwith a ROC AUC of 0.814 [11,12].The “biomarkers”, howeverare
moderatelyabundanplasna proteingatherthan cancerspecific proteins.Top-down approaches have
the ability to detect proteoforms noteadily distinguidable in bottom-up approachesiowever, to
date,CE-MS and MALDI basedprofiling havefailed to generate a highlgensitiveand specifictest
for bladdercancer[13-15]. A small number of studigsave usedlectin affinity chromatographyn
studies ofthe urinary glycoproteomne, howeer thesestudies have used broad speciicity lectins
(expeckd to captue nog glycoprotein rathe than focussimg on alteratiors in glycosylation [16,17].
Kreunin et al. [16] comparedthe glycoproteome of urinrfom bladdercancerpatientsand noneancer
patients using Concanavalin A(ConA) affinity chromatography aabined with nancliquid
chromatography-tandem ass spectronetry (LC-MS/MS). Alpha-1B8-glycoproein was idertified as
the mosdiscriminatory protein, but agaithisis a plasma protein.

It hasbeenreportedthat protein glycosylationis significantly alteredin many cancersincluding
bladdercancer[18]. Alterationsin glycosylation patterngn cancerreflect changesn expressionof
glycosyltransferases amglycosidass[19]. The changedo glycanstructurethat can occum cancer
include O-glycan truncationincreasedranching ofN-glycans, andncreasedialylation,sulfationand
fucosylation[18]. There havéeenseveralstudies on the glycosylati@tateof sgecific proteins found
in the seraof cancerpatients. For example,increased fucosylation andsialylation of PSA have been
reportedin prostatecancer[20]. Wu and colleaguesiseda fucosespecific lectin, Aleuria auwantia
lectin (AAL) to characterisahe fucosylatiorof haptoglobinin ovaian cancerand foundincreased
levels of fucosylatedhaptoglobinin patient serg21]. Another study observeglycanspecificchanges
in periostinand thrombospondinn ovariancancer[22]. All of thesestudies found that thspecific
protein glycoformswere ableto beter differentiate cancerserafrom controlseum sanples than te
total concetration of the protein. Perhapthe best exanple of a cancerspecificglycoformis AFP-L3.
An increasein total AFP concentration inthe serum was originally used as an indicaor for
hepatocellular carcimoa (HCC); however, masuing the total AFP concentration cannoalways
discriminate betweersmall HCCs and chronidiver diseaseFurther study of th@roteinidentified a
corefucosylatedorm of AFP knownasAFP-L3 whichis specificto HCC andwhich canbe neasured
in the seum to distinguish betwveen HCC and chronic liver disease,makingit a clinically useful
biomarker [23]. Identifying a similarly cancerspedfic glycoprotein biorarker for bladder cancer
could be theanswerto finding an accuratenon-invasivetest for diseaseddection andlong-term
surveillance of patients.

In the experments reported here we test the hypothesisthat incorporaing selective lectin
chromatographynto urinary proteanics workflows hasthe potentiato uncoverurinary biomarkersfor
bladdercancer.We focus on low grade nomvasive bladdecancerasthis is the form of the disease
whichis most challengingto detest usingcurrentlyavailablenon-invasiveests.
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2. Materialsand M ethods
2.1. Materialsand Cell Lines

All lectinswere purchasedrom Vector Laboratoried_td. (Peterborough, UK)AIl other chentals
and nmaterialswerepurchasedrom SigmaAldrich (St. Louis,MI, USA) unessothemwisestated.

The bladdercancercell lines 5637 andHB-CLS-2 were purchased fronCLS Cell Lines Service
GmbH (Eppelheim,Gemany). NHU-TERT, VM-CUB-1, MGH-U3, RT4, RT112, SW780 and24
were provided byProfessorMargaet Knowles (University of Leeds,Leeds,UK). The UROtsa cell
line was a gift from AlexanderDowell (University of Birmingham,Birmingham,UK). Cell lineswere
cultured as previously described[24]. The bladdercancercell lines were derivedfrom tumoursof
differentgradesasdetailedin SupplenentalTableS1. Cell lysateswerepreparedoy sonicationn PBS
containingcOmplete EDTA-free proteasanhibitor cocktail followed by a 10 mircentrifugationat
13,000 rpmTheproteinconcentratiorof the supmatantwas detemined by Bradforcssay.

2.2. Patient Samples

Patienturine andserumsampleswerecollectedaspart of the Bladder GeerPrognosiProgramme
(BCPP)[25]. Recruiment to BCPPwas undertakerbetween2005 and 2011 ancdonsistsof samples
from patientswith suspectegrimary bladdercancer. Midgreamurine was collected,centrifuged at
2000 rpm for 10 min and thesupernatant storeith aliquotsat —80°C. After sample collection, each
patient underwenfTURBT and definitive diagnosis byhistopathologcal exanination of the resected
tissue.Urine sanples obtainedrom patientswith nonmalignant conditionsvereretainedin the BCPP
collectionandhavebeenused asion-cancercontrols.For thelectin ELISA experments,urinesamples
were pooledinto four control poolgtwo normal andtwo from patients withcystitis or inflammation)
and six cancer poolgtwo from eachof stagespTa, pT1 andpT2+). Forthe proteonts expermnents,
two poolsof pTapatient urinevereused(n = 75;n = 36) and a norancercontrol urine poolrf = 28).
All samplesusedwerenegativefor haenaturiaby dipsticktest. Furtherpatientinformationis provided
in Supplementailaterials.

2.3. Lectin ELISAs

Urine sampls were diluted x50 in PBS ard cdl lysates and serun sample were diluted to 3 ug
protein/mL in PBS and 100uL addedto 96 well Maxisorb Immunoplates followedby a 1 hour
incubationat 37°C toadsorbproteins.The wells were washethree tmeswith 200uL PBS contining
0.0%% wiv Tweer® 20 (BST, Sgma-Aldrich). The plates were blocked with 1% BSA in PBS for one
hour. After washng with PBST, 100 uL. of biotinylated lectinat 10 ug/mL in PBS was addedto the
wells and incubatedor 30 min. After washing with PBST, 100 uL of a 1 in 200 dilution of
streptavidin conjugateth horseradish peroxidagR®&D Systens, Abingdon,UK) in 1% BSA in PBS
was addel ard incubatel for 30 min. The plates werethen washed five times witiPBST ard 100 uL of
substratesolution(3,3',5,5'-tetranethlbenzidine)was added.The reactionwas stoppedwith 40 uL of
2M H2SOw and thealbsorbance masuredat 450 nm. Al ELISAs were peiformed in triplicate and
meanscomparedacross expementalgroups using-tests.
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2.4. Lectin Dot Blots

Sampleswerediluted (cell lysate orserumdilutedto 3 ug poteinfL in PBSand urinediluted x50
in PBSand 2uL spotted ontanitrocellulosemembrane. Qe dry,the membraneras blockedwith 1%
BSA in PBSfor 40 min andhenwashedthreetimeswith PBST. The menbrane wasncubatedn a
ledin sdution at 10 ug/mL inPBS for 30 min,washed with FBST and incubatel with streptavidiRHRP
(as above)The membranaevas washed witPBSTand imaged usingeCL and photographifil m.

2.5. Lectin Affinity Chromatography

Lectin conjwated agarge beadsverewashed10 timeswith PBSto remove sugar$n their storage
solution and 50QuL of 50%slurry mixedwith 5 mL of pooled urineand500uL of 12 xPBS.Binding
was allowedto occurduring a 2 hincubation ona rotating mixer at 4°C. The beadswere capturedon
filters and the flow throudh was collected ard staed The beads were then washed thorougHy with PBS
and bourd glycoproteirs eluted with 2 x400 uL of 100 mM L-fucose or200 mM N-aceytiD-gdadosamne
(GalNAC). In experinentsusingUEAL1 andDBA (which require divalent dsons) FBS was substitaed
with 150 mM NaCl, 1 mM Cadz, 1 mM MgCk, 100 uM MnC¢, 100 uMZnSQG: and 20 mMMMOPS,
pH 7.4. All lectin affinity-chromatography—shotguroteanics experimentswere perfamed as 2
independenteplicates.

2.6. Filter-Aided Sample Preparation and Tryptic Digestion

Up to 200 pg ofproten was dissdved in 9 M Uea 1% CHAPS (Melford Laboratores,|pswich, UK)
in 100 mM triehylammonium ktabonate(TEAB), and incubad with 20 mM dithiothreitol (DTT)
for 30 minat roomtemp.Following addition of 50 mM iodoacetamide theoteinswere capturedn
0.5 mL 30kDa MWCO centrifugal fiters, centrifugedat 13,000rpm for five minutes andvashedfour
times with 100 mM TEAB. Proteinswere digestedby incubating overnighat 37 °C with 5 pg of
sequencing gradeypsin(Pramega).Peptides wrecollectedby centrifugation.

2.7. Sable | sotope Labelling

After tryptic digestion, formaldehyde was added to the control urine peptidesto a final
concentration 0D.2% w/v and deuteratedormaldehyde wasiddedto the pTa patient urine peptides.
Sodiumcyanoborohydridevasaddedo bothsampledo a final concentration of 25 M. After 30 min,
0.5 M ammonium bicarbonateas addedio quench tk reactionThe controland canceurinesamples
were thencombined andacidified with 10% trifluoroaceticacid (TFA), the pefideswere capturedon
a C18 cartridge, washedwith 0.1% TFA and peptidesluted with 600 ul. of 60% acetonitile
(ACN)/0.1% TFA.

2.8. Peptide Fractionation and LC-MSMS

Peptideswere dried and dissolvedn mixed modebuffer A (110 uL 20 mM ammoniunformate,
pH 6.5, 3% ACN) ard separatéinto 16fractiors using an Aclam® MixedMode WAX-1, 3um, 120 A
(2.1 x 150mm) column (Dionex, CamberleyK) at aflow rateof 100uL/min. Theelution gradient
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usedwas0%-50% ofbuffer B (2 mM ammonium formate,pH 3.0, 80%ACN) for 45 min followed by
50%—-100%buffer B overfive minutes and then 100%% bufferB for thelast 10 min.Fractionswere
driedand reconstituteth 0.1%formic acid (FA)in water.The peptiésin each fractiorwereanalysed
by LC-MS/MS using a 60 min gradient of 0%—-36% AGN 0.1% FA at a flow rate of 350 nL/min
with anAcclaim® PepnapC18 3 um, 100 A column (25 cm x 75um) (Themo Scientific, Loughborough,
UK) attachd to an Ultimate 3000 RSHPLC systen couplal to an Inpad Quadupde-TOF mass
spectromete(Bruker Daltonics Coventry, UK) working in daa-dependetmode at 5 MAVIS per cycle.

2.9. Peptide I dentification and Analysis

All MS/MS spectrawere searchedagainst adatabasecontaining Swissprohunman sequences and
randonized versionghereof usinglASCOT (version 2.3Matrix Scierce Ltd, London,UK). Search
paraneterswereasfollows: (i) species: Homo sapiens; (i) enzyme: trypsin; (iii) <2 missedcleavages;
(iv) 10 ppmprecursor iontolerance; (v) 0.02 Da fragment ion toleance; (vi)fixed modifications:
cysteine carbanidomethylation;(vii) variable modfi cations: methionine oxidaon; (vii) a peptie
score of >25. For quantitativeexpeiments light and heavy dimetlagion of N-termini and lysine
residuesverealsoincluded asvariablemodifications.Proteinscap@& software(Bruker Daltonicsas
usedto combine raltiple searchresilts and flter the data using grotein falsedismvery rateof 1%.
WARP-LC (Bruker Daltonicg was usal for relative quantitation base on extractel ion chromatogrens
andlimmausedfor statgtical analysisof differential expressiofi26].

3. Results
3.1. Lectin Binding to Urothelial Cell Line Lysates

Lectin ELISAs were usedto evaluate theability of 25 diferent lectingo bind to cdl lysatesof 2
normal urothelial human cell lines and 8 huran bladdercancercell lines deived from tumours of
different grades(potentially allowing us to determine how glycosylatiodiffers betweenlow- and
high-grade diseaseplthough different cell lines show quitedifferent lectin binding profiles, none of
the lectins showedconsistentsubstantially differenbinding betweenthe normal andcancercell lines
or betweencancercell linesdenved from low or highgradetumours p > 0.05in all cases)The data
are sumnarisedin Figure 1. Figure 2 denonstrates thegpecificity of AAL for fucose containing
substratesincluding 100 mM L-Fucoseduring the incubation of AAL omrothelial cell line lysate
coatedplateseffectivelyprevents any bindinfyjom takingplace.

3.2. Lectin Binding Properties of Urinary Proteins

The binding of the samepanel of 25lectinsto the proteins inpooledurine from patients without
bladder canceor with pTa, pT1 or pT2+bladder cancewas testedby ELISA. None of thelectins
denonstrateda statisticallysignificant higheror lower binding (p > 0.05)to theproteinsin the urine of
cancempatientgelativeto urine of noneancercontols (Figure3).
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Figure 2. Fucoseinhibition of AAL binding to cdl lysates.Lectin ELISA reallts are
shown for AAL binding(absorbancd50 nmjto cell lysatest100 mML-fucose.
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Figure 3. Lectin binding to pookd urine samples. Eachpooled urinesanplesconsists of
urine from >8 patients with: C1&C2 = no abnorrality detectedC3&C4 = no nalignant
diseasdcystitis/inflanmation),Tal & Ta2=pTaUBC, T1-1 &T1-2 =pT1UBC, T2-1 &
T2-2 = MIBC. Therelative bindinglevel of eachlectin to the 8 pooled uriness shownon
asliding scalefrom high (red)to low (blue).

3.3. Lectinswith Selectivity for Urothelial Glycans Relative to Plasma Glycans

A lectin that could enrich urothéial glycoproteingrelativeto plasma glycoproteingn urine would
be a useful tooin urine proteomes. We thereforecompared the binding of the 2Bctinsto bladder
cell line lysateswith their binding to serumfrom non-cancercontrol subjects bylectin ELISA and
confirmed selectedesultswith lectin dot blots (Figure 4). Whilst RCA1 and PHA-E boundmore
stronglyto serumthanto cell lysate, the najority of lectinspreferredthe lysatewith 10 lectinsshowing
very low binding to seum. Theselectins, in paticular UEAL1 andDBA, showed very high dleserum
binding ratios. Lectins that bind mannose, glucoser sialic acid tendedto show low binding to
urothelial glycanswhereaducose,galactoseand N-aceylgalactosenine bindinglectins exhilated high
bindingto urothelialglycansrelativeto serum.

3.4. Glycoproteome Analysis of Pooled pTa UBC Patient Urine

Shotgunproteanicswasusedto assesshe ability of AAL, UEA andDBA affinity chromatography
to extract subproteoras froma pooled bladdecancer urine sanple (75 patientswith G1-G3 pTa
disease)UEAL1 andDBA were choserfor glycoproteinenrichment dueto their striking preferencdor
urothelial proteinsover serum proteins andAAL was chosenbecauseit not only displayed a
preferencefor urothelial proteinsover serum proteins,but has previously been shown to have an
affinity for cancefrelatedglycoprdeins.LC-MS/MS analysisof the proteins bountb UEAL or DBA
and eluted with 100 mM L-fucose or 200 mMN-aceyttD-galactosamne respectiely idertified
surprisinglyfew proteins:DBA cgptured 140 proteins ofwhich 75 wee foundin two experimental
replicatesand UEAL capturedl22 proteins ofvhich 69 werecommonto both replicatesi-urthemore,
theseproteins included keratins ammtbundant proteinsuchas uronmodulin andalbumin indicative of
non-specific binding.In contrast,in both experirental replicatesmore than 500 proteingere eluted
from AAL with 100 mML-FucoseTherewasa highdegreeof overlapbetweerthe proteinsidentified
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in the AAL eluatesin both replicaeswith 436 proteinidentifications cormonto both (Figure 5)Of
these436 proteins, 285 contain glycosylatisites (65%). Ofthese285 glycoproteins, 27gossesi-
linked glycans and 2gosses®-linked glycans.
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Figure 4. Lectin binding to urothelial cell line lysatesand serun. The histogram shows
dat from lectin ELISAs run in triplicate (pooled cel lysaie andpooled seum). The inserted
panel shows confiratory dot blots. With the exception oPHA-E, SNA and LCA all
lectinsshowedsignificantlydifferent bindingto lysatesandserum(p < 0.05).
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Figure 5. The number of proteingentified by LC-MS/MS in the AAL flow-through and
elutedfractions. TheupperVenn diagrams show the nurer of proteinsidentified inthe
flow-through andelutedfractionsof two independenAAL chromatographies ot pooled
urine sample from patientswith pTa bladdercancer.The lower Venn diagram showshe
overlapbetweerthe proteinsdentifiedin botheluatesand botHlow-throughs.
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The AAL flow throughg(i.e., proteins notapturedoy AAL) werealsoanalysedy LC-MS/MS and
the proein identifications comparedwith the proteingdentified in the AAL eluateto detemine which
proteinswere enrichedy the AAL affinity chromatography. We defined proteiasenrichedby AAL
if they wee preseat in both eluatesand were identified by at least twice as many peptidesn the
eluatesasin theflow throughsUsingthesecriteria, AAL enrichedl186 proteins.Of thesel86 enriched
proteins,115 (62%) contain glycosylation sites and 84 oftheseproteins were not identified in the
flow-throughs Of the 186enriched proteins, 7Gareassociatedvith the extracelllar spaceand 71with
the plasma mabrane. Thissuggestshat AAL lectin affinity chromatography ay be ableto identify
proteins originatingfrom the urothelial cell suface or proteins rieasedfrom the urothelium. The
levels of abundant plasa proteinswere decreasedn the AAL eluatesrelative to the flow-thoughs:
albumn decreaseffom 8307peptide spectrummatchesn the flow-throughsto 585in the eluatesand
serotransferrin decreasdtbm 950 to 76 peptidespectrum matches.Information on the protein
identificationsareprovidedin SupplenentalMaterials.

3.5. Quantitative Comparison of AAL Binding Proteinsin the Urine of Control Subject and Patients
with G1 pTa Bladder Cancer

AAL affinity chromatography wagerformed on pooled urinesamplesfrom patientswith G1 pTa
bladdercancer (n = 36) and noneancer controlgn = 28). The eluted proteinswere digestedand the
peptidesstableisotopelabelledasdescribedn the methodsection the sanples combined and analysed
by shotgun proteoros. Duplicate experimentagain proved reproduciblevith 394 protein identified
in both AAL eluates.We also analysedthe 2 pooled urinesamples without AAL enrichment in
duplicate vith 501 protein identificationscommonto replicates.The heavy/light peptidéntensity
ratioswereusedto estmatetherelative levelsof proteinsin thetwo pooled urinesamples inthe AAL
eluate and whole urine daasets. In the AAL eluates the concentrations of21 proteins were
significantly << 0.01) andsubstantially>2-fold increasen both experirentalreplicates)higher in
the pooledpTa urine than the control urineOf these,12 proteinswere also increased irthe cancer
sanplein the whole urine experiemts wherea8 of theproteinswereincreasedn canceronly in the
AAL eluates. The 12 proteinsglevatedin cancer inboth the whole urine andAL eluatesarelikely to
be presentat a higher ttal concetrationin the cancersanple whereaghe 9 proteinsincreaedin the
AAL eluatesbut not whole urine coud be cancer specificglycoforns. Of the 9proteins withapparent
altered gycosylation (rather than simply an incease in totd concentration), 6were previously
identified asreleasedby bladdercancercell lines in vitro [24] (mucin-1 (MUCL1), golgi apparatus
protein 1 (GLG1), endoplasmin (HSP90B1prostaic acid phosphataseACPP), Ig gamma-2 chai@
regin (IGHG2), and eoxyribonuclease-2-alph (DNASE2A)), and 3 were not (voltage-dependent
anionselectivechannel 1, carbonic anhydrase 1 #ild saltactivatediipasel1l) . Thecancer:namal
intersity ratio in the AAL eluateand the wholeurine daa for the proteingpreviously identified as
releasedby bladdeicancercell linesis shown in Figure 6.
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Cancer: normal ratios in whole urine and AAL enriched urine
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Figure 6. AAL binding proteinsand their cancer:normal peptide itensity ratiosfor the
whole urine experiment and theAAL experment. Mucinl (MUC1), endoplasmin
(HSP90B1), golgiapparatusprotein 1 (GLG1), prostasticacid phosphatase @PP),
lg gamma-2chain C region (IGHG2), and deoxyribonucleasedpha (DNASE2A) all
have agreatercancernomal ratio after AAL enrichment.

4. Discussion

Currenturinary proteinbiomarkersfor bladdercancerack the sengtivity and/orspecficity required
to haveutility in the dinic. Aberrant glycosylation haveenwidely reportedin cancerandsame cancer
biomarkersutilise changesn protein glycosylationto improve bionarker effectivenessin this study
we investigatedvhethercancerspecific glycoforns area featureof bladdercancerand whethefectin
affinity chromatography isa useful tooln urine proteomes. In summary, the binding of 28ifferent
lectinsto bladdercancercell lines or urinefrom control subjects angbatients withbladdercancerdid
not detectany major global changes glycosylation. We did, howeveifind that manylectins havea
preference forbladdercancer cell line proteins over plasma proteins andis may be usefulfor
discriminatingbetweenproteins thaarereleaedinto the uine from the urotheliumand those tht are
filtered through the kiday or leakin dueto haenaturia.

A recen pape by Yang et al. reporedtha the binding of manylectins differed signifi cantly between
a nornal urothelial cellline (HCV29) and severalbladdercancercdl lines, and went on to show
increasedinding of LCA andSNA anddecreasethindingof ConA to bladdercaner tissue redtive to
adjacat nornal tissue[27]. The use ofdifferentreferencecell lines (NHU-TERT andUROtsa)in our
study nay be the reasonthatwe did not seecleardifferences betweethe noncancer anadancercell
lines, althoughdifferences betweemdividual cell lines were observed.The lack of evidencefor
cancerspecific changes glycosyldion in our experiments does not exclude theslality that they
exist sincewe looked globallyat the whole glycoproteom ratherthan detemining the glycosylation
statusof individual proteins. The fact that no lectins denonstratedpreferentialbinding to bladder
cancerpatient urine sanples over control urinesamples nay reflect that the vat majority of the
proteinsin the urine samplesare not tumour derived.Consistent withthis finding, arecentstudy of
urinary glycans found only sall changesn the N- and O-linked glycones of patientswith bladder



Proteomes 2015, 3 277

cancer[28]. The literature onlectin binding to bladder cancertissues is complex with no clear
consensusas to which lectins bind preferentiallyto tumours over norl tissue or relationshipsof
lectin binding to stage,grade and outcoen[29,30]. These data indicate that specific glycoprotein
markerswill be requiredatherthan global changes glycosylation.

Perhapsour most inportant findingis that several lectins are sekctive for urothelial proteins oer
plasma proteinsThis is a useful characteristic forbladcer cancerurine proteomis becauselow
abundanceairothelial proteinscan be nmaskedfrom detectionby massspectranetry by the presenceof
highly abundanserumproteinsin the urine. The broadspecificity lectinsWGA and ConA that have
beenusedin previousurinary glycoprotoent studies [16,17] howeveare not selectivefor urothelial
proteins over plasma proteins. Whea testedthe alility of the 2lectinswith the greatestseletivity
for urothelial proteins,UEA1 and DBA, to enrich urothelial glycopioteins fromurine we identified
only a snall number of proteins. Perhapiseseunexpected reslts are becausethe lectins reacgnise
cellular proteins that are not released into the urine or because theeluting sugarswere unableto
effectively competewith the glycopoteintlectininteracton. Nonethelessi would seemthat the other
lectins with a high lysate/serunratio (PNA, SJA, GSL |, SBA, PHA-L, STL, VVA) shoud be
consideredn urinary glycoproteomic workflowsAAL was selectedin this study partly becauset
showed a sall preference fourothelial proteins but morgo becauset has previously ben used to
enrich aberrantlyglycog/lated proteinsin HCC [31]. AAL is specific for core andteminal fucose
structuresincluding fucose (a-1,6) linked to N-aceylglucosanme and fucose (a-1,3) linked to
structures réatedto N-acetyllacbsaming(85). The fucosda-1,6) residuas acore fucosestructurethat
is preentin manymanmaliantissuesandhas beemeportedo be atered in pathol@ical settirgs.

Of the 580 uniqueproteins captured byAAL, 6 behaveas if they are aberrantly glycosyhted
in bladder cancer: mucin-1, golgi apparatus ptein 1, prostatic acid phosphatase, endophams,
deoxyribonuclease-adlphaandlg ganma2 chain C regionThe seletion was basedon thefact that
they areall releasedoy bladdercell lines[24] andit appears that is their glycosylation statusather
than thetotal quantity oftheseproteinswhich changein bladdercancer.For two of theseproteins,
Deoxyribonuclease-2-alphi®NASE2) and Ilg gamma2 chain C region (IGHG2) thereis a lack of
further evidencefor arole in bladder. EndoplasmitHSP90B1)is a ubiquitously expressegholecular
chaperone of plasma mbrane associated asdcreéed proteins[32]. Heat shock proteingre widely
reportedas overexpresseth cancerand one study portedthat HSP90B1is overexpressed inanine
bladder cancer[33]. Prostatic acid phosphatase (ACPHy a 100 kDa tyrosine phosphatasthat
dephosphorylateadiverse array of substrate unde acidic conditiors [34]. ACPP exist asintracellular
and secretedforms thatpossesdifferent glycosylationpatternsand different hydrophobicities [35].
Although serumACPP canbe usedto monitorprostatecancer itis reportedly not expressedn bladder
cancer[36] andis not likely be a good bioarker for bladdercancer(becausairinary ACPP may be
primarily derived from the prostate)unlessa genuinely bladdecancer spedfic glycoform exists.
MUC1 andGLG1 aparto be themostinterestingof the6 candidateas discussed below.

MUCL1 is a transnembraneroteinpresentin normal urotheliumon theapicalsurfacesof unbrella
cells and acts to protectthe cells from adhesion ofbacteria[37]. Overexpressionand changesin
glycosylation ofMUC1 have beemeportedn lung, breast,ovary, colon and bladdeancer38]. In an
immunohistochensitry study of 539 bladdgumoursMUC1 wasexpresedin 62% of thetumoursand
increasedwith tumour grade[39]. Serumlevels of MUCL1 are elevatedin paients with late stage
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bladdercancer but rsitivity for early diseae is poor [38]. An investigationof urinary levels of
MUC1 31 patientswith TCC and 30 contropatientsfound no signiftant difference betwegpatient
groups[40]. However,total MUC1 was measured wheasour datasuggesthatit is an alternatively
glycosylatedorm of MUC1 thatis increasedin the urineof bladdercancepatients.

The golgi apparatus protein (GLG1), also known as CFR, ESL-1 andMG-160, is a 135kDa
glycosylaed single passtype | trarsmenibraneproten tha contairs 16 cteinerich GLG1 repeats[41].
It is foundin the golgi apparatuandon thecell surfacemembrane. GLG1is ableto bind with many
different proteins makingt an important regulatoryprotein and signal transducerhe localisation
of GLGL1 is a crucial deteminant of GLG1 function and is influenced by two mechanisms: he
transnembrane doain and cytoplasmitail retain GLG1 in the golgi aparatuswhereasthe cysrich
repeatsdestabilise the protein and GLG1 is recruted to the cell suface via pracessesof stability
control [41].1t hasalsobeenrepotedthat GLG1 canbereleased fronthe cell by proteolytic cleavage
at the juxtamembrane regiofd2]. Thesemechanisis of localisationand proteolytic cleavagemay be
alteredin cancerand nay play a rde in the ircreased pierce of GLG1 in the uine. GLG1 hasbeen
shown by immunohistochestry to be highlyor intermediatelyexpressedn bothhigh and low grade
urothelial cancertissuesampleq43]; furthernmore, GLG1was detectedon the cell surfaceof bladder
cancercell lines (Ward, unpublishedlata). Therefore,it seems plausiblethat theGLG1 detectedin
pTapatient urines tumour derived.

5. Conclusions

Our data deranstrate arole for certain lectins in urinary biomarker discovery. The urinary
glycoproteone hasnot beenfully exploredto dateandusing thelectinswith a strong preferenceor
urothelialproteinsover serumproteins (Figuret) in conjunctionwith shagun proteanics may identfy
much needed biomrkers for bladder cancer.To assessthe bionarker poterial of the candidate
glycoprotein biomarkerssuggeted bythe currentwork, initial validation could becaried out bylectin
affinity chramatograplg combined with an ELISA using specit antibodes agairst the taget
glycoprotein. If the glycoprotein concemttion in urine samplesfrom bladder cancer patientsis
confirmed as significantly greaterthan the concentitgon in control sanples then anore streamlined
assaysuchas a sandwichELISA combining lectin and antibody binding would bequiredfor full
validation andultimatelyclinical use.
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