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14-3-3η Autoantibodies: Diagnostic Use in Early
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andAnthonyMarotta

ABSTRACT. Objective. Todescribetheexpressionanddiagnosticuseof14-3-3η autoantibodiesinearlyrheumatoid
arthritis(RA).
Methods. 14-3-3η autoantibodylevelsweremeasuredusinganelectrochemiluminescentmultiplexed
assayin500subjects(114disease-modifyingantirheumaticdrug-naivepatientswithearlyRA,135
withestablishedRA,55healthy,70autoimmune,and126othernon-RAarthropathycontrols).14-3-3η
proteinlevelsweredeterminedinanearlieranalysis.Two-tailedStudentttestsandMann-WhitneyU
tests compared differences among groups. Receiver-operator characteristic (ROC) curveswere
generatedanddiagnosticperformancewasestimatedbyareaunderthecurve(AUC),aswellasspeci-
ficity,sensitivity,andlikelihoodratios(LR)foroptimalcutoffs.
Results. Medianserum14-3-3η autoantibodyconcentrationsweresignificantlyhigher(p<0.0001)
inpatientswithearlyRA(525U/ml)whencomparedwithhealthycontrols(235U/ml),disease
controls(274U/ml),autoimmunediseasecontrols(274U/ml),patientswithosteoarthritis(259U/ml),
andallcontrols(265U/ml).ROCcurveanalysiscomparingearlyRAwithhealthycontrolsdemon-
stratedasignificant(p<0.0001)AUCof0.90(95%CI0.85–0.95).Atanoptimalcutoffof≥380
U/ml,theROCcurveyieldedasensitivityof73%,aspecificityof91%,andapositiveLRof8.0.
Adding14-3-3η autoantibodiesto14-3-3η proteinpositivityenhancedtheidentificationofpatients
withearlyRAfrom59%to90%;additionof14-3-3η autoantibodiestoanticitrullinatedprotein
antibodies (ACPA) and/or rheumatoid factor (RF) increased identification from 72% to 92%.
Seventy-twopercentofRF-andACPA-seronegativepatientswerepositivefor14-3-3η autoantibodies.
Conclusion. 14-3-3η autoantibodies,aloneandincombinationwiththe14-3-3η protein,RF,and/or
ACPAidentifiedmostpatientswithearlyRA.(JRheumatolFirstReleaseJuly152015;doi:10.3899/
jrheum.141385)
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Abnormalautoantibodyproductionbeforeclinicallyapparent
inflammatory events associatedwith rheumatoid arthritis
(RA)hasbeentermed“preclinicalRA.”Rheumatoidfactor
(RF) and anticitrullinated peptide antibodies (ACPA) are
well-studiedautoantibodiesthatareelevatedinpreclinical
andclinicalRA1,2,3,4,5,6,7,8,9,10.Theseautoantibodiescanhave

substantialprognosticuse,asdemonstratedinaDutchcohort
ofpatientswitharthralgiaandstiffness,butwithoutclinically
apparentsynovitisattheirbaselineexamination11.After2
yearsoffollowup,ACPA-positivepatientsweremorelikely
todevelopRA,andthisriskwasincreasedbyhigherlevels
ofACPAandtheconcomitantpresenceofimmunoglobulin

 www.jrheum.orgDownloaded on April 9, 2024 from 

http://www.jrheum.org/


M(IgM)-RF.Similarly,Rantapää-Dahlqvist,et al foundthat
ACPAandIgA-RFpredictedthedevelopmentofRAinblood
donors9.
In2007,wereportedthatthesolublebiomarker14-3-3η

protein,anintracellularchaperone,waspresentatsignifi-
cantlyhigherlevelsinthesynovialfluid(SF)andserumof
patientswitharthritiscomparedwithhealthyindividuals12.
Serum14-3-3η proteinlevelsalsocorrelatedstronglywith
theSFandserumlevelsof thematrixmetalloproteinases
MMP-1andMMP-3.Morerecently,wehavedemonstrated
thattheserum14-3-3η proteinwaspresentatsignificantly
higherlevelsinpatientswitherosiveRA13,thatitwashighly
specificforRA,andthatitwascomplementarytoRFand
ACPAforRAdiagnosticsensitivity14.In vitro resultsdemon-
strated thatsoluble14-3-3η protein,atclinicallyrelevant
concentrations,possessedligand-likepropertiesactivating
intracellularsignaltransductioncascades,suchastheextra-
cellularsignal-regulatedkinasesandJanuskinase/stress-acti-
vatedproteinkinases.Activationofthesepathwaysresulted
in the convergenceof signalswithin the nucleus and the
correspondingupregulationofproinflammatorycytokines,
such as interleukin (IL)-1β, IL-6, and tumor necrosis
factor-α,andfactorsthatwereinvolvedinjointdegradation,
suchasMMP-9andreceptoractivatorofnuclearfactor-κB
ligand(RANKL)13.
The family of conserved 14-3-3 regulatory proteins

consistsof7isoforms:β, ε, γ, η,τ,ζ,andσ.Undernormal
physiologicalcircumstances,theseproteinsexistasintracel-
lularchaperoninsthatcaneitherhomo-orheterodimerizeto
formacup-likestructureknownasthe“amphipathicgroove”
thatallowsthemtointeractwithmorethan200intracellular
proteinstomodulatetheiractivities.Interactionsincludean
arrayofbiologicalprocesses,suchasproteintraffickingand
cellularsignaling.Externalizationofthe14-3-3η protein,as
observedinRA,isthoughttobemediatedinpartthroughan
exosomalprocessinamannersimilartootherintracellular
proteins4,6.
Whenthe14-3-3η proteinisexternalized,itisseenbythe

immunesystemasbeingforeign,whichresultsinthedevel-
opmentofa14-3-3η autoantibodyresponse.Theroleofthese
autoantibodies to 14-3-3η in inflammatory disease is
unknown.Thepurposeofthisinvestigationwastoestablish
whethermeasurementof14-3-3η autoantibodieshasdiag-
nosticuseinRAandwhethertheseautoantibodiesprovide
additional diagnostic information to RF, ACPA, or the
14-3-3η proteinfortheidentificationofRA.

MATERIALS AND METHODS
Patients with RA and controls. Demographicsandclinicalcharacteristicsfor
allstudyparticipants,aswellasclinicalcharacteristicsoftheearlyandestab-
lishedRAcohorts,areprovidedinTable1.14-3-3η autoantibodylevelswere
measuredin500subjectsusingbankedsamplesfrom114disease-modifying
antirheumaticdrug(DMARD)–naivepatientswithearlyRA,135patients
withestablishedRA,and251controls,including55healthyindividuals,126
withotherarthropathies,and70withotherinflammatoryandautoimmune

disorders.SerologicalmeasurementsforACPA,RF,andthe14-3-3η protein
were previously measured in these populations, as described in
Maksymowych,et al14.Briefly,the14-3-3η proteinmeasurementswere
doneusingthequantitative14-3-3η ELISA(AugurexlifeSciencesCorp.).
RFandACPAassayswereperformedaspermanufacturers’protocols(RF
byQuantaLiteIgMELISA,ACPAbyQuantaLiteCCP3IgGELISA).

The 114 patients with early RA were classified according to the
AmericanCollegeofRheumatology(ACR)1987criteriaandwereamean
(SD)of53(11)yearsoldwith86beingwomen(75%).Patientswithearly
RAwereobtainedfromtheSherbrookeEarlyUndifferentiatedPolyArthritis
(EUPA) cohort (n = 40), the Intensified-Combination Therapy with
RheumatoidArthritis cohort (COBRA;VUUniversityMedical Center,
Netherlands,n=12),andtheReadeprospectiveearlyRAcohort(Reade,
Netherlands,n=62).AllpatientswithearlyRAwerenaivetoDMARD
therapy.IntheEUPAcohort,adultpatientswithsynovitisaffectingatleast
3jointsfor1–12monthswerefollowedlongitudinally,asdescribedprevi-
ously15.Themedian[interquartilerange(IQR)]diseasedurationwas1.8
months(1.5–3.0),andthemedian(IQR)DiseaseActivityScoreat28joints
(DAS28)was5.9(4.8–6.5).TheintensifiedCOBRAstudywasapilottrial
assessingtightcontrolstrategies;seraweretakenatbaselinefromasubset
ofpatientswithmedian(IQR)diseasedurationof1.0months(1.0–2.0)16.
TheReadeprospectiveearlyRAcohortrecruitedpatientsaged≥18years,
withatleast2swollenjointsandsymptomdurationof<2yearswithmedian
(IQR)diseasedurationof4.2months(2.9–3.7)17.Serawereavailablefor
the62patientsfromtheReadeprospectiveearlyRAcohortatbaselineand
1yearfollowingbaseline.ThepatientsfromtheReadecohortwerereceiving
standardDMARDtherapieswithinayearoffirstassessment.

ANOVArevealednosignificantdifferencesin14-3-3η autoantibody
levelsbetweenthe3earlyRAgroups;consequently,theywerecombined
forallanalyses.

The 135 patientswith establishedRAwere previously described in
Maksymowych,et al14 andwere classifiedaccording to theACR1987
criteria.ThesepatientsweretakingstandardDMARDtherapy,butwere
naivetobiologicaltherapy.ForcomparisontotheRAgroups,atotalof251
controlswereassessed:55presumedhealthysubjects fromBioChemed
LLC, 126 non-RA arthropathy patients [67 patients with ankylosing
spondylitis(AS)fromtheUniversityofAlberta,classifiedaccordingtothe
modifiedNewYorkCriteria; 30 patientswith osteoarthritis (OA) from
MountSinaiHospital,Toronto,Ontario,Canada;24patientswithpsoriatic
arthritis(PsA)fromtheAcademicMedicalCenter,theNetherlands;and5
patientswithgoutfromBioreclamationIVT],25patientswithconnective
tissuedisordersfromBioreclamationIVT(10patientswithsystemiclupus
erythematosus,5withsystemicsclerosis,5withSjögrensyndrome,and5
withosteoporosis),and45patientswithvariousinflammatory/autoimmune
diseases fromBioreclamation IVT [10 patientswithCrohn disease, 10
patientswithulcerativecolitis,10patientswithpsoriasis,10patientswith
Type1diabetes(DBType1),and5patientswithmultiplesclerosis].The
attendingphysicianconfirmeddiagnosesofdiseasecontrols.

ThestudywasperformedinaccordancewiththeHelsinkiDeclaration.
Writteninformedconsentwasobtainedfromallstudyparticipantsandethics
approval was obtained from the Health Research Ethics Board of the
University ofAlberta, the Ethics Review Board of Centre Hospitalier
UniversitairedeSherbrooke,theEthicalReviewBoardofVUUniversityof
AmsterdamMedicalCenterand theJanvanBreemen Institute,and the
MountSinaiHealthEthicsReviewBoardoftheUniversityofToronto.
Serum 14-3-3η autoantibody measurements. Serum14-3-3η autoantibody
levelsweremeasuredusingthe10-spotmultiplexedsemiquantitative14-3-
3η autoantibodyassay(AugurexLifeSciencesCorp.).Tendistinctpeptides
were spottedat specific locationswithineachwellwith theMesoScale
Discovery(MSD)readerreportinganindividualvalueforeachspot.Serum
sampleswerediluted1:100usingaproprietaryassaybuffercontainingdeter-
gents,salts,andprotein.Onehundredµlofdilutedserumsamplewasplated
onamultispot96-wellplatefor15minatroomtemperaturewithoutshaking.
Followingincubation,theplateswerewashed4consecutivetimeswitha
phosphate bufferwith detergent (wash buffer) and then incubatedwith
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freshlydilutedconjugateantibody(specificitytoIgG,Fcγ Fragmentspecific)
for15minatroomtemperaturewithoutshaking.Theplateswerewashed
twicewithwashbufferandtwicewithphosphatebuffernaiveofdetergent.
Areadbufferwithsurfactant(MesoScaleDiscoveryLLC)wasaddedtothe
plateand theplateswere readusing theMSDelectrochemiluminescent
sectorimager.Sixofthe10peptideswereprioritizedbasedonreceiver-
operator characteristic (ROC) curve analysis comparing earlyRAwith
healthysubjectsanddiseasecontrols(describedpreviously)andbasedon
complementaritytoeachotherforRAdiagnosis.Acumulativescorewas
generatedthroughthesimpleadditionoftheindividualvaluesforpeptides
1,2,4,7,9,and10.Thecumulativescoreisequalto:

peptide1read-units +peptide2read-units +peptide4read-units +peptide7read-units
+peptide9read-units +peptide10read-units

Statistical methods. Descriptivestatisticswereusedtoexpressclinicaland
serological measurements according to disease category and healthy
controls.Tocomparemorethan2groups,theKruskal-Wallistestwiththe
posthocDunnMultipleComparisonmethodwasusedtodeterminewhether
significant differences existed between groups in levels of the 14-3-3η

autoantibodies.Meanandmedian14-3-3η autoantibodylevelsbetweenthe
RAandcontrolgroupsweretestedforstatisticallysignificantdifferences
usingthe2-tailedStudentttestandtheMann-WhitneyUtest.ROCcurves
wereusedtoevaluatethediagnosticperformanceof14-3-3η autoantibodies
asestimatedbytheareaunderthecurve(AUC),thecorrespondinglikelihood
ratios(LR)atvarious14-3-3η autoantibodycutoffs,andthecorresponding
positive (PPV) and negative predictive values (NPV). The additional
diagnostic value addedby the inclusionof 14-3-3η autoantibodieswas
assessedinearlyandestablishedRA(inadditiontoRF,ACPA,14-3-3η

protein alone and together with the autoantibodies). An incremental
benefit/changewascalculatedasfollows:

[(A–B)÷B]×100

Therelationshipbetween14-3-3η autoantibodiesandotherserological
markers was assessed using the Spearman rank correlation coefficient
procedurefornon-normallydistributeddataandPearsonproduct-moment
correlationfornormallydistributedvariables.Distributionnormalitywas
establishedbytheShapiro-Wilknormalitytest.TheWilcoxonmatched-pairs
signedranktestwasusedtoassesssignificantchangesinautoantibodylevels
overtime.

AllstatisticalanalyseswerecompletedwithPrism6(GraphPadSoftware

Inc.)orJMP11(SASInstituteInc.).Statisticalsignificancewasdenotedby
anαofp<0.05.

RESULTS
Expression of 14-3-3η autoantibodies in early RA. As
presentedinFigure1A,medianserum14-3-3η autoantibody
concentrations were significantly higher (p < 0.0001) in
patients with early RA (525U/ml)when comparedwith
healthycontrols(235U/ml),connectivetissueandinflam-
matorydiseasecontrols(274U/ml),othernon-RAinflam-
matory arthropathies (274 U/ml), patients with OA (259
U/ml),andallcontrols(265U/ml).
ROCcurveanalysiscomparingearlyRAwithhealthy

controlsdemonstratedasignificant(p<0.0001)AUCof
0.90 (95%CI0.85–0.95).At anoptimal cutoffof≥380
U/ml,theROCcurveyieldedasensitivityof73%,aspeci-
ficityof91%,anLRpositiveof8.0,aPPVof0.94,andan
NPV of 0.62. At this same cutoff (≥ 380 U/ml), when
comparing early RA with all controls, the ROC curve
yieldedasensitivityof73%,aspecificityof79%,anLR
positiveof3.5,aPPVof0.61,andanNPVof0.86(Figure
1B,Table2).Similardiscriminationwasobservedwhen
earlyRAwascomparedwithdiseaseorpatientswithother
non-RAarthropathies.
Specificity of 14-3-3η autoantibodies for established RA.
Median(IQR)14-3-3η autoantibodylevelsinpatientswith
establishedRA(249,179–332U/ml)weresignificantlylower
whencomparedwithpatientswithearlyRA(525,360–704
U/ml,p<0.0001;Figure1A,Table1).14-3-3η autoantibody
levels did not discriminate established RA from healthy
individualsoranyotherdiseasecontrolgroup.
Associations of 14-3-3η autoantibodies with disease cohorts.
Therewasasignificantdifferencein14-3-3η autoantibody
expressionbetweenhealthyanddiseasecontrols,andupon
furtherinvestigation,itwasdeterminedthatthisdifference
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Table 1. Patientandcontroldemographicsandserology. Superscriptsdenotethenumberofpatientsusedintheanalysiswhenvalueswerenotavailableforall
patients.

Group Age,Yrs, Female, 14-3-3ηAAb, 14-3-3η,ng/ml, ACPA,U/ml, ACPAPositivity, RF,IU/ml, RF
Mean(SD) n(%) U/ml,Median(IQR)n Median(IQR) Median(IQR)n n(%)n Median(IQR)n Positivity,n(%)n

EarlyRA,n=114 53(11) 86(75) 525 (360–704) 0.55(0.07–4.00) 112(6–740)113 69(61)113 58 (10–200) 72 (63)
EstablishedRA,n=135 59(13) 104(77) 249(179–332)125 1.12(0.23–5.23) 250(67–250)125 99(79)124 100(25–100)133 109(84)129
Allcontrols,n=251 50(14) 137(55) 265(204–355)248 0.03(0.00–0.11) 16(16–16)249 5(2)249 5(5–5)249 39(16)249
Alldiseasecontrols,n=196 47(13) 97(49) 274(218–379)193 0.02(0.00–0.12) 16(16–16)194 5(3)194 5(5–5)194 32(16)194
Healthy,n=55 58(15) 40(73) 235 (185–289) 0.04(0.00–0.10) 16(16–16) 0 (0) 5 (5–5) 7(13)

Non-RAarthropathies,n=126 46(13) 48(38) 274(218–378)124 0.00(0.00–0.11) 16(16–16)124 3(2)124 5(5–15)124 18(15)124
Osteoarthritis,n=30 56(8) 21(70) 259 (214–314) 0.00(0.00–0.00) 16 (16–16) 2 (7) 5 (5–5) 5(17)

CTD,n=25 56(12) 21(84) 302 (216–447) 0.08(0.01–0.25) 16 (16–16) 2 (8) 5(5–11) 10(40)
OtherID,n=45 45(10) 28(62) 261(217–368)44 0.04(0.00–0.10) 16 (16–16) 0 (0) 5 (5–5) 4(9)

Non-RAarthropathies (ankylosingspondylitis,n=67;psoriaticarthritis,n=24;osteoarthritis,n=30;gout,n=5).CTD(systemiclupuserythematosus,n=
10;systemicsclerosis,n=5,Sjögrensyndrome,n=5;osteoporosis,n=5).ID(Crohndisease,n=10;ulcerativecolitis,n=10;psoriasis,n=10;Type1
diabetes,n=10;multiplesclerosis,n=5).AAb:autoantibody;IQR:interquartilerange;ACPA:anticitrullinatedproteinantibodies;RF:rheumatoidfactor;
RA:rheumatoidarthritis;CTD:connectivetissuedisorders;ID:inflammatorydiseases.
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inexpressionresidedentirelybetweenhealthyindividuals
andpatientswithAS:median(IQR)14-3-3η autoantibodies
were modestly but significantly higher (p = 0.0001) in
patients with AS [309 U/ml (238–405)] compared with
healthycontrols[235U/ml(185–289)].

Associations of 14-3-3η autoantibodies and clinical
measures. ThecorrelationmatrixpresentedinTable3illus-
tratestherelationshipbetween14-3-3η autoantibodylevels
andclinical/serologicalvariablesintheearlyRAcohort.The
onlysignificantcorrelationwaswiththeerythrocytesedi-
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Figure 1. A.Serum14-3-3η autoantibodyexpressioninestablishedandearlyRAversuscombinedcontrolcohorts.B.Corresponding
ROCcurveforearlyRAversuscontrols.*MedianeRA14-3-3η autoantibodylevelsaresignificantlyhighercomparedwithallother
cohortsassessed.MedianEst.RA14-3-3η autoantibodylevelsarenotsignificantlydifferentfromtheothercohortsassessed.14-3-3η

autoantibodypositivitycutoffwasestablishedas≥380U/ml(shownasdashedlineacrossgroups).RA:rheumatoidarthritis;eRA:early
RA;Est.RA:establishedRA;OtherArthro:otherarthropathies;CTD:connectivetissuedisorders;ID:inflammatorydiseases;ROC:
receiver-operatorcharacteristic.
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mentationrate,whereaweakcorrelationwasobserved(r=
0.27,p<0.01).Moreover,unlikethe14-3-3η protein,no
significantcorrelationwasobservedwithRForACPA,or
betweenlevelsofthe14-3-3η proteinand14-3-3η autoanti-
bodies.
Incremental diagnostic use of 14-3-3η autoantibodies.
BecauseACPAandRFareroutinelyusedtogethertoinform
an RA diagnosis18, the incremental benefit of adding
14-3-3η autoantibodiestothesemarkerswasassessed.As

illustrated in Table 4, of the 113 patients with early RA
assessed,61%,63%,59%,and73%werepositiveforACPA,
RF,14-3-3η protein,and14-3-3η autoantibodies, respec-
tively.Eighty-one(72%)wereRF-and/orACPA-positive,
and so 32 (28%)were seronegative according to current
clinicaldesignation.Notably,23(72%)ofthe32seronegative
patientswerepositivefor14-3-3η autoantibodies.Adding
14-3-3η autoantibodiestopositiveACPAand/orRFstatus
enhancedidentificationofearlyRAto92%andreducedthe
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Table 2. ResultsofROCcurveanalysesfor14-3-3η autoantibodyscoresforearlyRAversuscontrolcohorts.

Comparison ROCAUC p Sensitivity,% Specificity,% LR PPV NPV

EarlyRAvshealthy 0.90 <0.0001 73 91 8.0 0.94 0.62
EarlyRAvsotherarthropathies 0.82 <0.0001 73 77 3.2 0.75 0.76
EarlyRAvsdiseasecontrols 0.80 <0.0001 73 76 3.0 0.64 0.82
EarlyRAvsallcontrols 0.82 <0.0001 73 79 3.5 0.61 0.86

ROC:receiver-operatorcharacteristic;RA:rheumatoidarthritis;AUC:areaunderthecurve;LR:likelihoodratio;
PPV:positivepredictivevalue;NPV:negativepredictivevalue.

Table 3. Correlationcoefficientsof14-3-3η proteinandantibodieswithclinicalandserologicalmeasuresinpatientswithearlyRA.Correlationbetweenage
andHAQwasestablishedwithaPearsonproduct-momentcorrelationasbothvariableswerenormallydistributedaccordingtoShapiro-Wilknormalitytesting;
allothercorrelationsareSpearmanrankcorrelation.

Variable Age,Yrs DiseaseDuration DAS28 HAQ ESR CRP RF ACPA 14-3-3η

n 114 114 114 52 114 113 114 113 114
14-3-3η –0.05 0.04 0.06 0.24 0.19* 0.12 0.65† 0.54† —
14-3-3ηAAb 0.00 0.02 0.18 –0.05 0.27** 0.13 0.06 –0.10 –0.02

*p≤0.05.**p<0.01.† p<0.0001.RA:rheumatoidarthritis;HAQ:HealthAssessmentQuestionnaire;DAS28:DiseaseActivityScoreat28joints;ESR:
erythrocytesedimentationrate;CRP:C-reactiveprotein;RF:rheumatoidfactor;ACPA:anticitrullinatedproteinantibodies;AAb:autoantibody.

Table 4. Complementaritybetweendiagnosticmarkers(RF,ACPA,14-3-3η protein,and14-3-3η antibodies) in
patientswithearlyRA.Levelsofall4markerswereavailablein113patientswithearlyRAand121patientswith
establishedRA.Serumlevelof≥0.19ng/mlisdefinedaspositivefor14-3-3η and≥380U/mlisdefinedas
positivefor14-3-3ηAAb.Valuesaren(%)unlessotherwisespecified.

MarkerPositivity EarlyRA, Incremental Established Incremental
n=113 Benefit,% RA,n=121 Benefit,%

ACPA+ 69(61) — 97(80) —
RF+ 71(63) — 101(83) —
14-3-3η+ 67(59) — 93(77) —
14-3-3ηAAb+ 83(73) — 18(15) —
[ACPA]and/orRF+ 81(72) 17 106(88) 9
[ACPAand/orRF]and/or14-3-3ηAAb+ 104(92) 28 107(88) 1
[14-3-3η]and/or14-3-3ηAAb+ 102(90) 52 96(79) 3
Any1ofthe4markers 106(94) 31 109(90) 3

RF:rheumatoidfactor;ACPA:anticitrullinatedproteinantibodies;AAb:autoantibody;RA:rheumatoidarthritis.
Incrementalbenefitiscalculatedusingthecomparativepatientcapturedenotedwithinsquarebrackets,usingthe
nvaluesasfollows:

(Totalpatientcapture– Comparativepatientcapture)
¥ 100Comparativepatientcapture

e.g.,Incrementalbenefitfor“[14-3-3η protein]and/or14-3-3ηAAb+over 14-3-3η protein”iscalculatedbelow:
102-67

¥100=52%67
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category designated as seronegative to 8%. Combining
positivestatusforeither14-3-3η proteinand/oritsautoanti-
bodies identified 90% of the patients with early RA.
Positivityforany1ofthe4markers(RF,ACPA,14-3-3η,
14-3-3η autoantibodies)identified94%ofpatientswithearly
RAandreducedthecategorydesignatedasseronegativeto
6%.
TheproportionofpatientswithestablishedRAwhowere

positivefor14-3-3η autoantibodieswasmuchlower,at15%.
PositivityforRFand/orACPAwasmuchhigher(88%)than
inearlyRA,andtheadditionof14-3-3η autoantibodiesdid
notprovidesubstantialincrementalbenefit(1%).
The sensitivity and specificity of RF,ACPA, and RF

and/orACPAwithandwithout14-3-3η autoantibodiesin
patientswithearlyRAispresentedinTable5.Inallcompar-
isons,theadditionof14-3-3η autoantibodiesledtonotable
increasesinsensitivitywithoutsubstantiallossofspecificity.
WhencomparingcombinedRFandACPAtothecombined
14-3-3η protein and 14-3-3 autoantibodies, there were

substantialincreasesinsensitivitywiththe14-3-3ηmarkers,
withonlyamodestdecreaseinspecificity.IntheearlyRA
cohort,thesensitivityandcorrespondingspecificityofthe
combinationofRFand/orACPApositivitywhencompared
withhealthysubjectswas0.72/0.87.Thecombinationofthe
14-3-3η proteinanditsautoantibodiesdeliveredasensitivity
of0.90withaspecificityof0.82.
Expression of 14-3-3η autoantibodies at followup timepoints.
The14-3-3η autoantibodylevelsweresignificantlylowerat
the1-yearfollowuptimepointcomparedwithbaselinevalues
(384U/mlvs572U/ml,p=0.0007).Ofthe62patientswith
earlyRA,42(68%)werepositivefor14-3-3η autoantibodies
atbaselinewhereasonly23(37%)werepositiveafter1year.
Of the positive patients at baseline, 20 (48%) remained
positiveat1yearwith22patients(52%)havingadecrease
in14-3-3η autoantibodylevelsbelowthepositivecutoffof
≥ 380U/ml.Three patients (15%)whowere negative at
baselinesero-convertedtopositiveat1year,and17patients
(85%)remainednegative.
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Table 5. Sensitivity,specificity,andLRforRF,ACPA,and14-3-3η andcombinationswithoutandwithinclusion
of14-3-3η.

Variable Without14-3-3ηAAb With14-3-3ηAAb
Sn/Sp LR+/LR– Sn/Sp LR+/LR–

EarlyRAvshealthy
RF 0.63/0.87 4.96/0.42 0.89/0.78 4.06/0.15
ACPA 0.61/1.00 —*/0.39 0.89/0.91 9.83/0.12
RFand/orACPA 0.72/0.87 5.63/0.32 0.92/0.78 4.22/0.10
14-3-3η 0.60/0.85 4.1/0.47 0.9/0.82 4.97/0.12
RFand/or14-3-3η 0.75/0.75 2.93/0.34 0.93/0.71 3.20/0.10
ACPAand/or14-3-3η 0.72/0.85 4.93/0.33 0.93/0.82 5.11/0.09
RFand/orACPAand/or14-3-3η 0.77/0.75 3.02/0.31 0.94/0.71 3.22/0.09

EarlyRAvsotherarthropathies
RF 0.63/0.85 4.35/0.43 0.89/0.67 2.72/0.17
ACPA 0.61/0.98 25.24/0.4 0.89/0.75 3.55/0.14
RFand/orACPA 0.72/0.84 4.44/0.34 0.92/0.66 2.70/0.12
14-3-3η 0.60/0.77 2.59/0.52 0.9/0.6 2.24/0.16
RFand/or14-3-3η 0.75/0.70 2.5/0.36 0.93/0.54 2.01/0.13
ACPAand/or14-3-3η 0.72/0.76 2.96/0.37 0.93/0.59 2.24/0.12
RFand/orACPAand/or14-3-3η 0.77/0.69 2.51/0.33 0.94/0.53 1.99/0.12

EarlyRAvsdiseasecontrols
RF 0.63/0.84 3.83/0.44 0.89/0.64 2.43/0.18
ACPA 0.61/0.97 23.69/0.40 0.89/0.73 3.36/0.14
RFand/orACPA 0.72/0.82 4.09/0.34 0.92/0.63 2.45/0.13
14-3-3η 0.60/0.79 2.85/0.51 0.90/0.60 2.26/0.16
RFand/or14-3-3η 0.75/0.70 2.49/0.36 0.93/0.53 1.96/0.13
ACPAand/or14-3-3η 0.72/0.78 3.23/0.36 0.93/0.59 2.29/0.12
RFand/orACPAand/or14-3-3η 0.77/0.70 2.53/0.33 0.94/0.52 1.96/0.12

EarlyRAvsallcontrols
RF 0.63/0.84 4.03/0.44 0.89/0.67 2.67/0.17
ACPA 0.61/0.98 30.41/0.40 0.89/0.77 3.94/0.14
RFand/orACPA 0.72/0.84 4.35/0.34 0.92/0.66 2.71/0.12
14-3-3η 0.60/0.80 3.06/0.50 0.90/0.65 2.58/0.15
RFand/or14-3-3η 0.75/0.71 2.58/0.36 0.93/0.57 2.15/0.12
ACPAand/or14-3-3η 0.72/0.80 3.50/0.36 0.93/0.64 2.61/0.11
RFand/orACPAand/or14-3-3η 0.77/0.70 2.59/0.33 0.94/0.56 2.15/0.11

*Couldnotbecalculatedbecausethespecificitywas1.0.LR:likelihoodratios;RF:rheumatoidfactor;ACPA:
anticitrullinatedproteinantibodies;Sn:sensitivity;Sp:specificity;14-3-3η:14-3-3η protein;14-3-3ηAAb:autoan-
tibody;RA:rheumatoidarthritis.
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DISCUSSION
Toourknowledge,ourstudyisthefirstreportdescribingthe
diagnosticuseofautoantibodiesdirectedtowardthenative
formofthe14-3-3η proteininearlyRAthataugmentsthe
diagnosticdetectionrateofexistingbiomarkers,including
the14-3-3η protein.Moreover,thelackofcorrelationnoted
betweenthepresenceoftheseautoantibodiesandthe14-3-
3η protein,ACPA,RF, and acute-phase reactants under-
scores the unique information provided by the 14-3-3η

autoantibodies.The14-3-3η autoantibodiestogetherwiththe
14-3-3η protein,ACPA, and RF is of clinical relevance
because their combination appears to identify almost all
patientswithearlyRA,raisingthequestionastowhether
seronegativeRAexists.Futurestudieswillfocusondeter-
mininghowthe14-3-3η autoantibodiesworktogetherwith
clinicalsignsandsymptomstoinformRAbeforethereare
visiblesignsofradiographicprogressionbyradiography.
ProspectiveYear1longitudinaldatafrompatientswithearly
RA presented here suggest that 14-3-3η autoantibodies
decreaseoverthecourseofdisease,whichalignswiththe
cross-sectionaldatafrompatientswithestablishedRA,in
which14-3-3η autoantibodyexpressiondoesnotdifferfrom
thecontrolgroupsassessed.
Wehavepreviouslyreportedthatserum14-3-3η protein

hasdiagnosticuseinpatientswithRAandthatthe14-3-3η

protein, as a soluble ligand, activates signalingpathways
leadingtotheupregulationofproinflammatorycytokines,
metalloproteinases,andRANKL13.Itisthoughtthatextra-
cellularsecretionof14-3-3η may,inpart,beanexosomal-
mediated process, although what triggers its release is
presentlyunknown.Synovialfluid14-3-3η proteinexpres-
sion ismuch higher thanwhat ismeasured in peripheral
blood,indicatingitslocalproductionandexpression.Ina
recentlypublishedstudy,wedescribedthat14-3-3η levels
wereevenhigherinpatientswithradiographicprogression
inbothRAandPsA,whichisconsistentwithtransformation
of fibroblasts to an activated phenotype13. Fibroblast
exosomesarethoughttobeamajorsourceof14-3-3η4,6.
IncontrasttoRFandACPA,theresultsfromourstudy

demonstrate that14-3-3η autoantibodiesaresignificantly
loweratYear1incomparisontothecorrespondingbaseline
measurement.Thisdecreasein14-3-3η autoantibodiesover
timeasthediseaseprogressesmaybereflectiveofimmune
tolerance to the 14-3-3η protein or as a consequence of
treatmentwithDMARD.Preliminaryresultsindicatethat
theseautoantibodiesmightelicitaprotectiveeffectinthat
patientswithRAwhoarepositivefor14-3-3η autoantibodies
butnegativeforthe14-3-3η proteinhaveahigherlikelihood
ofachievingDAS28remissionandarealso less likely to
progressradiographically19.Itisthereforepossiblethatthese
autoantibodieshavearoleintheclearanceofthe14-3-3η

proteinandthatexcessproduction/secretionofthe14-3-3η

protein or evasion of clearance through posttranslational
modificationof the14-3-3η autoantibodies, throughpro-

cessessuchasglycosylation20,21,mayconstituteanadverse
prognosticfactor22.Preliminarydatainacollagen-induced
arthritis model supports this hypothesis. All animals
developedautoantibodiestothe14-3-3η protein;however,
thoseanimalsinwhichlevelsofthe14-3-3η proteinpersisted
at high levels were more likely to develop arthritic
symptoms23.Thishypothesisisfurtherreinforcedbythefact
that the 6 different epitope specificities assessed in the
compositeautoantibodyscorereflectedepitopesthatwere
locatedintheligand-bindinggrooveofthe14-3-3η protein.
These autoantibodies might, therefore, be expected to
decreasetheinteractionbetweenthe14-3-3η proteinandits
ligand(s). The latter remains to be identified, but the
downstreameffectsofthisinteractionincludetheexpression
of proinflammatory cytokines, metalloproteinases, and
RANKL.Furtherinvestigationisaimedatidentifyingthe
primaryspecificitiesassociatedwithdiagnosticandprog-
nosticpropertiesoftheseautoantibodies.
Thereareseveralexamplesofmetabolicandautoimmune

disorderswhereinautoantibodiesdevelopearlyinthedisease
courseand levelsmayeitherbesustained throughout the
courseofdiseaseordeclinewithdiseaseprogression.An
exampleofthelatterisautoantibodiestotheislet-specific
zinctransportisoform(ZnT8),atestthatwasapprovedby
theUSFoodandDrugAdministrationasadiagnosticmarker
forDBType1.ZnT8autoantibodiesarepresentinthepredi-
abeticstateandhavebeenshowntoincreaseatthetimeof
disease onset, yet decline over time as the disease
progresses24.Therolethattheseautoantibodiesplayinthe
pathogenesisoftheDBType1isyettobeestablished.Itis
postulated that certain autoantibodies have a proinflam-
matoryeffectwhileothersareantiinflammatoryinnatureand
declineovertimeasthediseaseprogresses.
Wepresentthefirstdata,toourknowledge,indicatingthat

14-3-3η,anovelproinflammatorymediatorassociatedwith
thepathophysiologyofjointinflammationinRA,generates
anautoantibodyresponsetothenativeprotein.Thecombi-
nationof the14-3-3η markers (i.e.,proteinandautoanti-
bodies) independently provides high sensitivity and
specificity for early RA as a novel biomarker panel and
further augments thediagnostic detection rateofRFand
ACPA.Consistentwiththefocusonidentifyingpatientswith
RAasearlyaspossible,the14-3-3ηmarkersprovideameans
toinvestigatepatientsatriskforRAandthosewithnewonset
disease.A14-3-3η autoantibodycompositescorereflecting
6differentepitopespecificitieshasdiscriminatoryproperties
forearlyRAandenhances thediagnosticcontributionof
existing biomarkers. Expression of antibodies does not
correlatewithacute-phasereactantsorotherclinicalvariables
ofdiseaseseverity,indicatingthattheseantibodiescontribute
uniqueinformationforRAmanagement.Futurestudieswill
focusonexaminingtheroleofthe14-3-3η autoantibodiesin
the pathogenesis of RA and validating these findings in
prospectivecohorts.
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