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Abstract

Ataxia telangiectasia (A-T) is an incurable and rare hereditary syndrome. In recent times,
treatment with glucocorticoid analogues has been shown to improve the neurological symp-
toms that characterize this condition, but the molecular mechanism of action of these ana-
logues remains unknown. Hence, the aim of this study was to gain insight into the molecular
mechanism of action of glucocorticoid analogues in the treatment of A-T by investigating the
role of Dexamethasone (Dexa) in A-T lymphoblastoid cell lines. We used 2DE and tandem
MS to identify proteins that were influenced by the drug in A-T cells but not in healthy cells.
Thirty-four proteins were defined out of a total of 746 “63. Transcriptome analysis was per-
formed by microarray and showed the differential expression of 599 A-T and 362 wild type
(WT) genes and a healthy un-matching between protein abundance and the corresponding
gene expression variation. The proteomic and transcriptomic profiles allowed the network
pathway analysis to pinpoint the biological and molecular functions affected by Dexametha-
sone in Dexa-treated cells. The present integrated study provides evidence of the molecular
mechanism of action of Dexamethasone in an A-T cellular model but also the broader
effects of the drug in other tested cell lines.

Introduction

AtaxiaTelangiectasi@A-T) isararegeneticsyndromecausedy mutationsin the ataxiatelan-
giectasianutated(ATM) [1] geneThegeneproductcodedor aproteinkinasebelongingto
the PI3 Kinase-likeKinase(PIKK) [2]. Dependingon the levelof the mutation, the resultant
lossof ATM protein expressioror function canleadto pleiotropicclinical phenotype$3]
suchasataxiajoculocutaneougeleangiectasiasnmunodeficiencyjnfections radio sensitivity
andpronenesso cancerandneurodegenerativdisorders Typically,A-T patientsarewheel-
chairdependenby the ageof ten,andtheir life expectancys aroundtwenty-fiveyearsThe
ATM geneensureDNA repairin thenucleud4], whileits rolein the cytosolis still poorly
understood 587].
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No effectivedisease-modifyingreatmentis presentlyavailableand supportingtherapies
areusedto carefor patients However,n thelastfewyearspbservationastudieq 8,9] and
clinicaltrials[10P12 haveshownthattreatmentwith glucocorticoiddmprovessymptomsand
neurologicfunctionsin patientswith A-T.

In spiteof their efficiency the mechanisnof actionof glucocorticoidgn A-T subjects
remainsunclear.Hence severastudieshavebeencarriedout seekingo gaininsightinto the
likely molecularactionof glucocorticoidsn A-T patients.Theauthorsof the presentstudy
havepreviouslydescribedhe influenceof Dexamethasonen geneexpressionsplicing,
NRF2-mediate@ntioxidantresponsdy redoxbalancemprovementandcellularnano-
mechanicdy cytoskeletorand nucleardynamics 1301 8. DOAssantg al. havereportedthe
influenceof Betamethasonen moleculesnvolvedin autophagosomdegradatior19.

Themain aim of the presentstudywasthereforeto addto this bodyof knowledgeregarding
themechanisnof actionof glucocorticoidsn A-T, which mayin turn leadto improvements
in A-T patienttherapiesHerein weexaminethe combinationof two Oomics@pproaches
(proteomicandtranscriptomic)adoptedto studylymphoblastoidcelllines(LCLs)treated
with Dexamethasondhemodulatedproteinsandgenegshat werediscoveredvereemployed
in afunctionalnetworkanalysisn orderto evaluatehe cellularmolecularfunctionsandbio-
logicalprocessemfluencedby Dexaaction.Theinvestigatiorwasalsoextendedo awider
samplesize allowingusto explorethe variability of Dexaeffectsn differentcelllines.Tran-
scriptomicdatawerealsocomparedwith availablén vivodatarecentlypublished 18].

Material and methods
Cell cultures

Thelymphoblastoidcelllines(LCLs)usedin this studywereobtainedfrom A-T patients
(ATM™" AT129RM AT50RM,ATK13RM,ATK36RM)andahealthydonor (ATM **
WT238).ThecelllinesWT238, ATS0RMand AT129RMderivedfrom apreviouswork [17],
whilethe cellline ATK13RMand ATK36RMwereisolatedduring aphasdl clinicaltrial [11]
with the approvalof ethicalcommitteeandall patientsprovidedinformed consent(alongwith
the consenbf their parentsor legalguardian,asrequired). The LCLsweremaintainedin
RPMI1640mediumsupplementedavith 2 mmol/l L-glutamine 50mg/ml gentamycirand
10%fetalcalfserumin 5% CO2at 370C Cellsweretreatedwith 100nMDexafor 48hprior to
protein and RNA extractions Dimethylsulfoxidg DMSO)wasusedasthe drug vehicleand
thusadministeredn untreatedcellsusedascontrols.

Samplepreparation and 2DE analysis

The2DEanalysisvereperformedon the AT129RMandWT238samplesA total of approxi-
mately1x10 cellsfor eachcondition werewashedn isotonic Tris/sucroséufferandsubse-
guentlylysedin iceby sonicationcyclesn lysisbuffer(50nM Tris-HCI, 150mMNacCl,CHAPS
0.5%,SDS0.1%)containingproteaseand phosphatasimhibitors. After 20@hcubation,15U of
Benzonaswasaddedandincubationwascontinuedfor anadditional30After a further soni-
cationcyclein ice,the lysatesvereclarified by centrifugation.Proteinswereprecipitatedby
Acetone/TCA(4/1volumes)washedn Acetoneanddried. The pelletswerere-suspendeth
ProteinExtractionReagenType4 (SIGMA) and afterthe protein concentrationassaylmg
wasfurther diluted in the samebuffercontainingpH 3b10ampholytessmM TBPandloaded
onto IPG ReadyStrippH 3D1(NL (Bio-Rad),rehydratedat 50V for 12hat200CIsoelectric
focusingwasperformedon the proteanlEF Cell (Bio-Rad)asfollows:15@t 250V, rapid volt-
agerampingto 10,000Vandafinal stepat 10,000Mup to 80,000Vhours.After equilibration
andalkylation,the stripswerelaid on an8D15% gradientSDS-PAGHel.Therunswere
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performedat 200Cat constantcurrent (eachgelat 8mA for 608pllowedby 16mAuntil the

run wascompleted)Thestaininghadbeenpreviouslyperformedby Brilliant BlueGbColloidal
(SIGMA) andthen switchedto a modified silverstainingasdescribedy Shevshenkand
Mortz [20,21]. Theanalysisvasperformedin triplicate andtherewasafair reproducibility
betweerthereplicates.

Imageanalysisand LC-MS/MS

Theimageof eachgelwasacquiredby Fluor-SMAX Multi-Imager scannelBio-Rad).Spots
weredetectedmatchedand quantifiedby Melaniesoftware Spotselectionvasperformedon
specificallyalteredproteinabundancen AT129RMthenon WT afterthedrugtreatment.The
spotswerequalifiedasdifferentiallyabundantwith afold change> 1.5andp! 0.05andwere
subsequentlgelectedor MS analysisBriefly,the spotswereexcisedand processedsreported
by Shevchenkandcolleaguef2?]. Theresultingpeptidesvereprocessedy the LC-ESI-MS/
MS systen(Q-TOF Micro ™ MicromassManchesterlJK) equippedwith aZ-spraynanoflow
electrosprayon sourceanda CapLCapparatusA SymmetryC18nanocolumn (Waters,Mil-
ford, Mass USA)wasemployedasananalyticalcolumn.

Theinstrumentwassetin apositiveion modeusingN, asthe carryinggas.Thecapillary
wassetto 2,800V, the sampleconeto 30V anddesolvatiortemperatureo 800CThesurvey
scanmodewassetasfollows:MSrangefrom 200to 1,500m/zMSto MS/MShby ion intensity,
MS/MSrangefrom 200to 2,000m/zCollisionenergywassetaccordingto theions@harge
stateusingArgon asthe collisiongas For proteinidentification, MS/MSspectravereusedas
gueryin MASCOT (Matrix Scienced,ondonUK). Proteinidentity wasassesseh addition
to MASCOTscore)with atleasthree-peptidecoverag@nd consistencyvith pl/Mw inferred
by 2D-PAGE.

Westernblot analysis

Theantibodieganti-HSPA8 anti-AlF, anti-14.3.3/ , anti-Calreticulin,anti-HMGB1,anti-
HPRT1landAnti-PP2AA subunit)usedin this studywerefrom Cell SignalingTechnologyand
wereusedasrecommendedy the supplier.Cell lysatesverepreparedrom all availablecell
lines.After PBSwashingthe pelletswerere-suspendeth ProteinExtractionReagentype4,
andfollowing sonicationin ice,the lysatesvereclarifiedby centrifugation.The protein contents
weremeasuredisingthe Bradfordassaynd20! g of eachsamplevasusedfor SDSPAGEsep-
arationandsubsequentransferredon Hybond-C membrane§GE Healthcared_ife Sciences).
Primaryantibodiesweredetectedy secondaryHRP-conjugate@ntibodiesusingthe ECL
detectionsystemAdvansta) Wholelanenormalizationwasusedfor quantitativeinvestigation,
aspreviouslydescribedy Colellaetal.[23] andGurtler etal.[24]. Experimentsvereperformed
in quintuplicatesandthe statisticabnalysisvasperformedusingthe pairedt-test.

Affymetrix microarray analysis

Total RNA extractsivereobtainedfrom all usedcelllinesusingan RNeasylusMini Kit (QIA-
GEN).RNA labellingandhybridizationwerecarriedout accordingto the Affymetrix two-
cycletargetlabellingprotocol.For eachexperimenthe cRNAwashybridizedto Affymetrix
HTA 2.0GeneChip Array.

Thedataanalysisafterpre-processingt probelevel(CEL files),wereperformedby RMA
backgroundadjustmentguantilemethodfor normalizationand medianpolishfor summari-
zation. The FKBP5,TMEM2 and NFIL3 geneexpressionvereevaluatedy gPCR(Thermo-
FisherTagManl GeneExpressiorAssaysjhrougha7500Real-TimePCRSysten(Applied
Biosystems).
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Therelationshipbetweemrotein quantitiesand correspondinggeneexpression
(AT129RMandWT238)wasindividually evaluatedn the sampleskor the functionalannota-
tion of DEGs,genesvereselectedby the Affymetrix TAC consoleusingan FDRp-value
I 0.05andthe subsequemetworkanalysisvasperformedby the ReactoméFI) Functional
InteractionNetwork plugin for Cytoscapg25. Alternativesplicinganalysisvasalsoper-
formedfor the samawo samplesTheexpressedenewith atleastonedifferentiallyexpressed
PSRor Junction(FDRp-value! 0.05andsplicingindex> |2|) wereconsideredasalternatively
spliced.

Thegeneexpressioranalysisvasextendedo all A-T sampledy MeV [26,27]. Statistically
anddifferentiallyexpressedenesvereselectedby the pairedpermutationt-test(FDR' 0.01)
andwerefurther usedto computethe hierarchicatree(HLC).

Results
Impact of Dexaon proteomic profile

In the pastfewyearswehavecarriedout geneexpressioranalysiof A-T cellsafterDexameth-
asondreatment[13. In the presenistudy,we performedaproteomiccomparativeanalysiof
A-T andWT LCLstreatedwith Dexamethasoneombinedto adeepeigeneexpressiorand
splicingexaminationperformedby microarray.

RepresentativeDEimagesarereportedin Fig1 (ATRM129,WT238treatedor not). Since
theinvestigatiormainly focusedn thoseproteinsthat werespecificallyalteredby Dexain
A-T sampleshy comparingsignalabundancen all samplesit waspossibleo isolate52 spots
out of 746:63. After processingit waspossibleo define(dueto handlingand/or HPLC-MS
failure) 34 differentiallyexpressegroteins,reportedin Tablel. Asillustrated,theisolated
spotswerechosersincetheywereselectivelyanddifferentiallyalteredin DexatreatedA-T
sampleshanin treatedor not WT. Evenif abasalifferencebetweerthe A-T sampleandthe
WT oneis noticeablg AT129RM/WT2380Proteitd or DOcolumn) the effectof Dexa,not
only eventuallyrestoredthe lackingbetweersampleshut alsoimprovedthe extentof response
wasstatisticallydifferentwhencomparedo treatedWT (Tablel, AT129RM+Dexa/WT238
+DexaOProteird or DOcolumn). The geneexpressiornf eachprotein-matchinggeneis also
reportedalongsidehe p valuesrom thevarianceanalysisnd FDRscores.

Theentire proteininteractionnetwork (PPlenrichmentp-value= 0) basedn the proteo-
mic datasets shownin Fig 2A. The correspondingoiologicalprocessesnolecularfunctions,
KEGGpathwaysPFAM domainsand INTERPROfeaturesarereportedin S1Supplementary
File, whilethe correspondingReactomé-1 network pathwaysarereportedin Fig2Band
describedn S2Supplementaryile.

Theaccuracyof the proteomicresultswvasassessdaly testingsomerandomlychosertargets
(HSPABAIF, CALR,HMGB1,HPRT1,PP2AA subunitand14.3.3/ ) usingthewesterrblot
techniqueasreportedin Fig 3 andFig4. All thetestedwesterrblotsagreewith the 2DEresults
(WT238and AT129RM).Only the expressiorof the 14.3.32/ proteindiffersfrom the 2DE
data,asit appearedinaffectecby Dexa.lt shouldbenotedthatthe proteinassignmenfor the
2DE14.3.3spotwasbasedn the maximumnumberof identified peptidesn the Mascotout-
come(14.3.3/ definitely),but atleastfive isoformsweretruly presentin theisolatedspot
(supplementans 1Fig). Accordingly,anerroneousantibodycould beusedJeadingto the un-
matchingresultsof 2DE andthe westerrblots.

Impact of Dexaon geneexpressionprofile

The Dexaalteredgeneexpressiomprofilesof sample AT129RMandWT238(599and 362
genesymbolgespectivelyarereportedin S3Supplementaryile, while the corresponding
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Fig 1. 2DE representdive images A-T andWT samplstreatedor not treatedwith Dexa.Eachgelimagewaselaboratedvith Melanie
softwareThreetechnicalreplicatesvereused.

https://da.org/10.1371¢urnal.pong195388.g0D

Reactomé-I networksarereportedin supplementans2Fig aswell asthe network pathways,
biologicalpathwaysaind molecularfunctions(S4Supplementaryile). Theconsistencyf the
microarrayexperimentsvasassayetly evaluatinghe geneexpressiorof FKBP5,TMEM?2
andNFIL3targetssincetheyarewell-knowngeneslteredby Dexaadministrationbothin
vitro andin vivo[1826E29. In brief, the above-mentionedenesvereactuallyfound to be
upregulatedn all the microarraysetqtreatedsample®vercontrols;FKBP5averag@verex-
pressiorFC2.2p = 0.00FDR= 0.05;TMEM?2 averag®verexpressiofRrC5.5p = 0.00
FDR=0.07,NFIL3 averag@verexpressioRC2.11p = 0.00FDR= 0.8).Theoverexpression
wasconfirmedalsoby gPCRperformedon the sameargetyFig 5).

Impact of Dexaon splicing

Thesplicinganalysisvasperformedby the GeneChip Array datasetind 614transcriptsin
AT129RMand891transcriptsin WT238(553and813matchinggenesymbolsespectively)
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Table1. Proteinsregulatedby Dexainferred by the 2DE experimens. All comparisosscoresThebold textcolumnshowsthe proteinratio (UQupregulaed, O
downreguatedand G-Oasunvaried)of theindicatedcomparisonwhile the plain textreportsthe geneexpressiomatio (U upregubted,D downreguatedand G-Oasunvar-
ied),thevarianceanalysig valueandthe FDRp value.

AT129RM/ WT238 AT129RM+ Dexa/ AT129RM WT 238+ Dexa/ WT238 AT129RM+Dexa/ WT238+Dexa
Gene Protein | Gene p | FDRp| Protein | Gene p |FDRp| Protein | Gene p | FDRp| Protein | Gene p | FDRp
Symbol UorD | Expr.U |value| value| UorD |Expr.U |value| value| UorD | Expr.U |value value| UorD | Expr.U |value| value
or D orD or D or D
ACTB D = 0.00 0.02 U = 0.47 | 0.73 = = 0.03 0.28 U = 0.04 | 0.18
AlF = U 0.01 | 0.10 U = 043 0.7 = = 0.30  0.70 U u 0.05| 0.19
ATP5B = U 0.04 | 0.16 U D 0.15| 0.44 = D 0.29  0.68 U u 0.17| 0.35
CALR u U 0.00  0.06 U = 0.05| 0.27 D D 0.31 0.70 U u 0.05| 0.19
CCT3 u U 0.00  0.02 D = 0.97 | 0.99 = D 0.13 | 0.50 D u 0.01| 0.11
EEF2 = = 0.27 | 0.46 U = 0.58 | 0.81 = = 0.10  0.47 U u 0.02| 0.13
ENOPH1 = = 0.72 | 0.83 U = 0.77 | 0.9 = D 0.61 0.87 U u 0.71| 0.82
EZR D = 0.25 | 0.44 U U 0.02| 0.21 = = 0.43 | 0.79 U U 0 0.06
FKBP3 u = 0.60 0.75 U u 0.05| 0.29 U = 0.95 0.98 U U 0.43 | 0.59
FUBP1 = U 0.00  0.05 U = 0.76 | 0.9 U = 0.08  0.42 U u 0.01, 0.1
GAPDH = = 0.00  0.06 D = 0.01| 0.16 D = 0.02 | 0.08 D = 0.01| 0.09
HCLS1 = = 0.30 | 0.49 U = 0.01| 0.12 D D 0.15 | 0.54 U u 0.12 | 0.29
HMGB1 U U 0.02  0.11 U u 0.11 | 0.39 U = 0.04  0.33 U u 0.07 | 0.23
HPRT1 u = 0.50 0.67 U u 0.1 | 0.37 D = 0.73 | 0.92 U u 0.64 | 0.76
HSP90AB1 = = 0.02 | 0.04 U = 0 0.03 = = 0.01 0.19 U U 0 0.04
HSP90AB2P = = 0.06 = 0.19 U D 0.12 | 0.39 = U 0.00 0.02 U D 0 0.07
HSP90B1 D U 0.00  0.00 U = 042 0.7 = = 0.00  0.12 U U 0 0.01
HSPA8 D U 0.01  0.08 U = 0 0.01 D = 0.50 0.82 U u 0.02 | 0.12
HSPD1 = U 0.00 | 0.00 U = 0.07 | 0.31 = = 0.02 | 0.25 U u 0 0
HYOU1 = U 0.00 0.02 U D 0.13| 0.41 U D 0.07 | 0.39 U U 0 0.04
LCP1 = = 0.00  0.04 U = 0.002| 0.07 U = 0.00 0.02 U u 0.29 | 0.47
MSN = = 0.00 0.07 U D 0.12| 0.4 U = 0.40  0.77 U = 0.28 | 0.46
MZB1 = U 0.27 | 0.46 U = 0.96  0.98 = = 0.79  0.81 U u 0.67 | 0.79
P4HB = = 0.49 0.66 U = 0.28 | 0.58 U = 0.56  0.85 U u 0.57 | 0.71
PCBP1 = = 0.25| 0.44 D = 0.75| 0.9 U D 0.02 | 0.24 D u 0.03| 0.16
PPP2R1A = = 0.15 | 0.34 U = 0.56 | 0.79 = = 0.16 = 0.55 U = 0.61| 0.75
PSMB9 = D 0.27 | 0.46 U = 0.99 | 0.99 = D 0.43 | 0.78 U = 0.75| 0.84
RPS3A = = 0.67 | 0.80 U = 0.55| 0.79 = = 0.42  0.78 U U 0.73| 0.83
SRSF1 u U 0.01 0.10 D = 0.63 | 0.83 = D 0.39  0.76 D u 0.03| 0.11
SYNCRIP D U 0.00  0.01 U = 0.86 | 0.94 = = 0.00  0.11 U U 0 0.02
TPM3 = U 0.41 | 0.60 U = 0.71| 0.88 = = 0.82 0.95 U u 0.34| 0.52
TUBA1B = U 0.11 | 0.28 U = 0.51 | 0.76 = = 0.70  0.91 U u 0.1 | 0.27
XRCC6 D U 0.00  0.05 U = 0.66 | 0.85 = D 0.08 | 0.43 U U 0 0.08
YWHAZ = = 0.91 0.95 U = 0.06 | 0.3 U = 0.78 | 0.93 U u 0.23| 041

https://da.org/10.1371durnal.pon®195388.t001

werefound to bealternativelysplicedasreportedin S5Supplementaryile. The affectedbio-
logicalpathwaysarereportedin the sam€file, andthe correspondingReactomé-I networks
areillustratedin supplementant3Fig. Throughthe comparisonof the splicinganalysiggene
setsandgeneexpressiomvariationsof both samplesit waspossibleo drawthe Veendiagram
reportedin Fig 6. Only 19genesymbolswerefound to beboth modulatedandsplicedin
AT129RMsampleand24genesymbolsn WT238(only AP3S1wasin common,supplemen-
tary S1Tablg.
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Fig2. (A-B) STRING (A) and ReactomeF| (B) networks. The proteomicdatawereusedto computeboth networks The
functionalinteractionof the discoveregroteinsin the AT129RMsamplevasextremey elevatedsreportedin SlandS2
Supplementyy Files. Thenodescolours(in B) representhe Reactome Fl clusteredjenesindthe numbersstatethe
enrichmentpathway©f nodesin clustersasreportedin S2Supplemetary File.

https://doi.org/10.371/journal pne.0195388002

Surveyon other A-T samples

All thetestedantibodiesHSPA8 AIF, CALR,HMGB1,HPRT1,PP2AA subunitand14.3.3/

) wereusedto infer proteomicdataof the othertestedA-T celllinesasillustratedin the same
Fig 3. Amongthetestedcelllines,only the ATSORMsamplebehavedike the AT129RMone.
Theothertestedsampleshowedverylow amountsof theinvestigategrotein (exceptor
HSAP8)with variedoutcomesTheevaluatiornof geneexpressioron other A-T samples
showedb75statisticallymodulatedtranscripts(658genesymbolsthat wereemployedn the
HLC clusteringprocesseportedin Fig 7.

TheHLC dendrogramshowecasimilar expressiompatternfor the sampleAT129RMand
AT50RMand,separatedby the WT238group,the clusterof sample&K13RMand K36RM
shareda similar geneexpressiomrofile. The genomicdatarevealedimilarity betweerthe
AT129RM-AT50RMandK13RM-K36RMsamplesThe geneexpressioreaturefoundin
A-T samplestatisticallycharacterisethe sharedyenesnodulatedby Dexabeyondthe

o 0 0
L o2 .0 P o & o
£ o F & §FFS IS
IS IO S S
P S S LS E
RS FEFE S8
HSAP8 = = ™= s e o = = -
AIF — R R — - - -
'.‘
CALR ™= s v s c gy = = "
"\". o : R 2o a
HMGB1 = Y— s A ! !
1o S ——— g
PP2Au N~~H~;L<..'——’ - .
14.3.3 (5 [T ———

Fig 3. Westernblot. Representatimageof westerrblotsperformedin all tested_CLs,subsequentlguantifiedasreportedin Fig4.

https:/Hoi.org/10.137ournal.pon€195388.9003
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Fig 4. Westernblot analysisof all testedLCLs.The protein abundanceof selectedargetsn sampleAT129RMisin
agreementvith the 2DE outcome(pairedt-testp< 0.05)excepfor 14.3.3/ (seetext).Only the ATS0RMsample
behavedn asimilar mannerto the AT129RMsampledespitehe ATK13RMand ATK36RMcelllines. The W-N
graphicreportsthewholelanenormalization dataof the WB experimets.

https://bi.org/10.1371durnal.por.0195388.904

individual samplevariability. The affectediologicalpathwaysrereportedin S6Supplemen-
tary Fileandthe drawn Reactomé-I networkin supplementarys4Fig.

Discussion

Resultsllustratedin the presentstudyrepresenthefirst integratedanalysisy proteomicand
transcriptomic to investigaten vitro the Dexamethasonmolecularmechanisnof actionin
anA-T establishednodel,asthis drug is employedaseffectivetherapyin A-T patients
[11,1216,18. Thechoserspotsselectiorapproachallowedhighlightingthe protein amounts
variationin A-T cellsin responseo Dexatreatmentratherthanthe generalisedellulargluco-
corticoidresponsehat,in our opinion, representain attractivebasiso comprehendhe partic-
ular outcomeof glucocorticoidusagen ataxiatelangiectasitreatment.Someof the selected
proteinsin AT129RMshowedalsoabasallissimilarexpressiompatterncomparedo
untreatedWT (dependingon A-T status?put all of them showeda differentialtreatment
responséehaviourthanWT. In fact,wewerenot ableto observeanysimpleproteinrecovery
in treatedA-T.

Upon examiningtheseresultsweimmediatelynotedthe overalllackof correlationbetween
geneexpressiorand proteinamountin thetreatedAT129RMsample Surprisingbut accept-
ableif weconsiderthatin the lastfewyearsseveraktudiesdemonstratedhe overallmRNA/
protein correlationof about0.4[28D3(.

In contrastthe samegenesn thetreatedAT129RM/WT comparisorshowedagoodgene
expression-proteimmountmatch.lt is possibleo supposdwithin the sensitivityof microar-
ray approach)hatin the A-T sampleDexaincreasedhelevelof theidentified protein but not
the correspondinggeneexpressiomwhile, atleastafter48hof Dexaexposurein the WT sam-
plethedrug affectedhe expressiorf the examinedyenesConcerningthe A-T samplepnly
the FKBP3and EZRproteinsshoweda matchinggeneexpressiomwvariation (accordingto thep
value).

The FKBP3geneexpressiomight bemodulatedby Dexain the samewaythatthe FKBP5
geneis modulated.The codifiedprotein hasarolein DNA packaginginteractionwith
HDACs[3]] splicingof mMRNA, ribosomalassemblyalongwith otheraspect®f neuronalsig-
nalling[32,33. TheEZRgenehasrecentlybeenreportedto beinducedby Dexain podocytes
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Fig 5. FKBP5,TMEM2 and NFIL3 geneexpressiorby qPCR.Thewell-knowngeneslteredby Dexaadministraton have
beentestedoy qPCRin orderto validatethe microarray procedure.
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Fig 6. Veendiagram. The splicingandexpressiomutputswerecomparedand plottedto showdifferencesboutsplicedandalteredexpressiomenedetweenVT and
AT. Only smallamountsof genesymbolsveresharedn all testedcomparisors.

https://da.org/10.1371durnal.pon®195388.906

[34] andto codifyfor anactin-bindingproteininvolvedin cytoskeletorreassemblyThislast
finding, togetherwith the otheridentified cytoskeletaproteinsdiscoveredhrough proteomic
analysifACTB,MSN, TPM3,CCT3,LCP1land TUBA1B),supportthefindingsof aprevious
work by the authorsof the presentinvestigationjn whichthe mechanicaproprietiesof the
samecellline werefoundto beinfluencedby Dexa[15].

Theoverexpressionf Calreticulin,aproteinthat binds Calcium,wasparticularlyelevated
in the AT129RMsamplelt hasachaperonin-likeactivityandis ableto bind transcriptionfac-
tors.Its regulationmayberelatedto the effectsof the glucocorticoidsin fact,it is ableto inter-
actwith the DNA-binding domainof NR3C1 areceptorfor glucocorticoidd 3536, and
mediatests nuclearexport[37]. Furthermore CALRisinvolvedin calciumstoragdn the
endoplasmiaeticulum,regulatingdiversevital cellfunctions.
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Fig 7. HLC outcomeobtainedby microarray expres#on profile of A-T samplesA total of 675differentially
expressettanscripsallowedusto classifyAT129RMand AT50RMassimilarto eachother,whilethe otherA-T
samplebehavediifferenly. The samebehavioumpatternwasinferred by westerrblot analysis.

https://abi.org/10.1371durnal.por.0195388.907

HSPA8wasfound to bedownregulatedn WT238andupregulatedn AT129RM.This pro-
tein is alsoamolecularchaperonehatis not justinvolvedin protein homeostasidndeed,
wheninteractingwith otherpartners HSPASis ableto acquireothercellularfunctions[39],
including arolein autophagyegulation[39], oneof the biologicalpathsaffectedn A-T cells.

In the proteomicderivedReactomé-I network (Fig 2B), the following pathwaysvereinflu-
encedPI3K-AKT path,ATR signalling spliceosomeegulationand,aspreviouslydescribed,
theregulationof the actin cytoskeletonThe stimulationof the AKT pathwayby Dexaisin
agreementvith our previousobservatior{17] of AKT-ERK signallingactivation.Therole of
AKT in DNA doublestrandbreakrepairhasbeenthoroughlydescribedn theradioresistance
mechanisnof tumor cells[40044], andwecannotexcludeasimilar behaviourin A-T cellsasa
balancingfunction for DNA repair.Furthermore severastudiesassociatéhe lackof ATM
mediatedAKT signalingwith neuronaldegeneratiori45247], andthe possibilityof arescue
mechanisnpromotedby Dexais averyinterestingprospect.

The HSP9Qorotein family (includedin thereportedproteomicdata)is foundin the
PI3K-AKT node.ThereportedcytosolicHSP90AB1HSP90AB2Rndthe ERHSP90B 14§
mayberelatedto the overallglucocorticoideffecton GRsignalling but interestingly this
family is alsoinvolvedin DNA repair[49 andwasreportedlyimpairedin A-T cellularmodels
usedin apreviousproteomicstudy[5Q. In the presentinvestigation Dexawasshownto
improvethe amountof theseproteins.

Another protein directlyinvolvedin DNA repairis theidentified protein XRCC6(Ku70).
Thisproteinis knownto participatein earlytime during the DSBdamageesponsandcan
modulatethe ATM-dependentATR activationduring this respons¢51£63. It is noteworthy
thatin theanalysed CLs,the expressioof miniATM wasstanding[17], andit could partici-
patealongsidehe above-mentionegroteinin the DNA repairprocessindeed,the presence
of theterm OATRsignallingpathway@n the proteomederivedReactomé=l network, S2Sup-
plementaryFile) andthe highlightedbiologicalpathwaysegardingDNA homeostasiéS4Sup-
plementaryFile, Reactomé-1 networksby microarray:Mitotic G1-G1/SphasesM/G1
Transition,DNA replication,Synthesi®f DNA), suggesthatthe DNA repairprocessnight
beactivein the caseof DSBs.

Interestingthe term Osplicingid the above-mentionedietworksis often presentandactu-
ally,by microarray, wewereableto showthat splicingoccurredafterDexaexposurelt is also
noteworthythatthe ATM geneproductwasfound to bealternativelysplicedwhichis consis-
tentwith findings of apreviousreport[17] by the authorsof the presentstudy.Sinceonly 19
geneswith alteredexpressionverealsospliced all the otherunalteredexpressetut spliced
genegprobablycontributeto confusehewholeoutcomeof Dexaeffectin A-T cellsasillus-
tratedby theinfluencedbiologicalpathwayof splicedgendlist. Alsoin WT238samplethe
splicingresponsevasobserved24 geneproductsresultedboth differentiallyexpressednd
spliced) but only 38genesesultedcommonlysplicedasin A-T samplesuggestinghatalso
the splicingresponsés differentiallyinfluencedby glucocorticoidsn ataxiatelangiectasia.

Cheemaetal.[54] havereportedproteomicprofile changesn responseo ionizing radia-
tion (IR) in A-T cellsandATM complementedA-T celllines.Interestingly someof theidenti-
fied proteinswerealsonotedin the presentinvestigationIn fact,Dexaprovedcapablef
inducingthe proteinsACTB,EEF2 EZR,FUBP1GAPDH,MSN and SRSFin A-T cellsin
the samemannerthattheywereinducedin the IR exposureesponseOn the contrary,
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HSP90B1HSPA8and LCP1wereupregulatedy Dexawhile theyweredownregulatedn the
caseof IR stimulation.It couldsupposedhat Dexacanpartially simulatethe radiation
exposure.

Theaccuracyof the proteomicresultswasassessdaly testingsomerandomlychoserby
westerrblotting with agooddataagreementand by the sameassayit waspossibleo extend
the proteomicdatato the othertestedsamplesThebehaviourof the other celllineswasinho-
mogeneousandespeciallyhe celllinesk36RMand K13RMshoweda differentproteomic
patterncomparedo AT129RMand AT50RM,atleastregardingthe testectargetsin thelast
two samplesthe amountof investigategroteinsis lowerthanin all othercelllinesandoften
theybehavedompletelydifferent. This maybedueto geneticvariability of sampledience
leadingto adifferentresponséo glucocorticoidsThe samematchingcorrespondencevas
highlightedby HLC examinationthussuggestinghat the proteomicpatternmodulatedby
Dexais actuallyinfluencedby the genotypeof the testedcells thusfurther puzzlingthe com-
prehensiorof acommonmoleculamrmechanisnof actionof Dexamethasoné&/ariation of
Dexaefficacywasalsonotedin treatedA-T patients[11] andthe dataillustratedmaysupport
the suggestionhatresponsdo Dexais A-T subjectgenotypedependentUnfortunately,we
arenot ableto comparethe testedcelllinesto patienttreatmentoutcome(concerningthe cell
linesk36RMandK13RM,derivedfrom aclinicaltrial); the AT129RMand AT50RMsamples
arecelllinesfrom ©9@ndno glucocorticoidtherapywasongoing.The authorsof the present
paperhaverecentlyreportedthetranscriptomicresultsof aclinicaltrial in whichlongterm
Dexaadministrationwasperformedin A-T patientsusingredbloodcells[1. Hence the
comparisonof geneexpressiowvariationbetweerin vivodataandthein vitro modelwasactu-
ally possibleThe gendlist of commonmodulatedgenesymbolss reportedin supplementary
S2Tablealongsidehe sharednoleculampathwaysn the Reactomé-| networks.Therewas
only aslightoverlappingof theresults Thisis probablydueto the differentbiologicalsamples
usedin thetwo studiesput undoubtedlythe main differencesie in the administrationmodal-
ity, andhencethe drug concentrationand effectiveexposurdime. On the otherhand,some
biologicaleffectaverefound bothin in vivoandin vitro, suchasthe presencef the ATMdexal
transcript[16]. Alongsidetheillustratedresultsremainsthe puzzlingeffectsof Dexaadminis-
tration on thetestedcelllines,assuminghat the geneticvariability exertsa significantinflu-
enceon drug administrationoutcome.

Basedn all of thesefindingswe cannotrule out the possibilitythat the obtainedproteomic
datamayalsobeextendedo somein vivobiologicalresponsedt would beveryinterestingto
testsomeof the above-mentionedargetsn the blood of A-T patientswhowill beenrolledin
anupcomingphasdll clinicaltrial (ATTeST https://clinicaltrials.gu/show/NCT02770807

Supporting information

S1Fig. Mascotoutcomeof Spot#21.The protein assignmenperformedaccordingto the
highestnumberof coveringpeptidesin this casehe 14-3-3zeta/deltaHowever the same
spotalsoreturnedasl4-3-3gammapeta/alphathetaand eta. Thewesterrblot unlatching
resultsmaybedueto the differentisoformof the testedantibody.

(TIF)

S2Fig. (A-B) Reactomé-I networksderivedby Dexamodulatedgenesn WT238sample(A)
andin A-T129RM(B). Thegeneexpressioranalysisisingthe Affymetrix platformallowedus
to isolatestatisticallyand differentiallyexpressetranscripts.Thefull list of differentially
expressettanscriptsis reportedin S3Supplementaryile. Thenodescoloursrepresenthe
Reactomé-| clusteredyenesvhile the numbersstatethe enrichmentpathwayf nodesin
clustersasreportedin S4Supplementaryile alongsidebiologicalpathwaysand molecular
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functions.
(TIF)

S3Fig. ReactomeF| network of splicedtranscripts. The STRINGanalysiof 2DE character-
isedspotsfrom the A-T AT129RMsampldied to performasplicinganalysiof the samesam-
ple usingthe Affimetrix platform. Actually 614transcriptsprovedto bealternativelyspliced
andwereusedto drawthefunctionalnetworkreportedin B. Concurrentlyalsothe WT spliced
transcriptswereinferredandusedto computethe functionalnetworkreportedin A. The
nodescoloursrepresenthe Reactomé-| clusteredgenesvhile the numbersstatethe enrich-
ment pathwayf nodesin clustersasreportedin S5Supplementaryile alongsidebiological
pathwaysandmolecularfunctions.

(TIF)

S4Fig. ReactomeF| network by transcriptomic analysisof all A-T samples.Thenetwork
detailsarereportedin S6Supplementaryile. The nodescoloursrepresenthe Reactomé-|
clusteredgenesvhile the numbersstatethe enrichmentpathwaysf nodesin clustersThe
profile of all A-T allowedthe HLC outcomeand sampleclusterizatiorillustratedin Fig 7. The
wholeA-T transcriptomestatisticallywould decreas¢he Dexamodulatedgenes/ariancedue
to the geneticvariability of the samples.

(TIF)

S1SupplementaryFile. Excelfile containing the STRING outcomeof the protein
highlighted by 2DE analysisin the AT129RM sample.
(XLSX)

S2SupplementaryFile. Excelfile reporting the Reactomd-I outcomeof the protein
highlighted from 2DE of the AT129RM sample.
(XLSX)

S3SupplementaryFile. Excelfile containing the lists of differentially expressedranscripts
in the WT238and AT129RM samples.
(XLSX)

S4SupplementaryFile. Excelfile containing the outputs of Reactomd-I analysisof micro-
array experiments.Genesymbolsnodespathsin networks biologicalpathwaysndmolecu-
lar functionsfor samplesVT238and AT129RMarereported.

(XLSX)

S5Supplementaryfile. Excelfile with the genesymbolslist obtained by Affymetrix splic-
ing analysisof the AT129RMand WT238 samples Reactomé-l nodes pathsin networks,
biologicalpathwaysandmolecularfunctionsarealsoreported.

(XLSX)

S6SupplementaryFile. Excelfile with microarray investigation of all A-T samplesReac-
tomeFI nodes pathsin networks biologicalpathwaysand molecularfunctionsaredescribed.
(XLSX)

Si1Table.Comparisonof the genelist from the splicing analysiswith the geneexpression
variation in sampleAT129RM (19 geneswverefound to be both modulated and spliced),
andin WT238 (24 genesvereboth modulated and spliced).

(DOCX)

S2Table.Genelist of common modulated genesymbolsand sharedmolecular pathwaysin
the Reactome-| networksfrom the comparisonof geneexpressiorvariation betweenin
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vivoandin vitro data.
(DOCX)
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