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Abstract

Amongst extraintestinal manifestations (EIM) occurring in IBD patients, rheumatologic man-

ifestations are the most frequent. Understanding the relationships between arthritis and coli-

tis is a prerequisite to improving the management of these patients. Microbiota of patients

with IBD or rheumatologic diseases, like spondyloarthritis (SpA) is modified compared to

healthy individual. Thus, we have evaluated the impact of colitis in the development of arthri-

tis in mice and we have analyzed microbiota changes. Collagen-induced arthritis (CIA) was

induced at day 0 in DBA1 mice exposed or not to Dextran Sodium Sulfate (DSS) to induce

colitis between day 14 and day 21. Animals were monitored regularly for arthritis and colitis

severity (clinical score, hindpaw edema). Fecal microbiota was studied by 16S rRNA deep

sequencing at critical time points (D14, D14, D21 & D41). At day 41, histological scoring of

the intestines and ankles were performed at the end of experiment. Induction of colitis

slightly delayed arthritis onset (2 �“ 1 days of delay) and reduced its severity (5.75 �“ 1.62 in

arthritis only group vs 4.00 �“ 1.48 in arthritis + colitis group (p = 0.02 at day 28) macroscop-

ically and histologically. In contrast, colitis severity was not influenced by arthritis develop-

ment. Induction of colitis promoted a modification of microbiota composition and a decrease

of �.-diversity. Fecal microbiota composition was different between ªcolitisº and ªarthritis

+colitisº groups during colitis development. Interestingly a milder decrease of bacterial diver-

sity in the ªarthritis+colitisº group was observed. Concomitant experimental colitis protects

mice against collagen-induced arthritis and this is associated with changes in gut micro-

biome composition.

Introduction
Inflammatoryboweldiseases(IBD) affectingover1 million individualsin theUSAand2.5
million in Europe[1]. Thetwo main IBD areCrohn'sdisease(CD) andulcerativecolitis (UC).
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IBD arecharacterizedbyachronicinflammationof intestinalmucosa.Patientswith IBD,
known to besystemicdisorders,arelikely to developextraintestinalmanifestations(EIMs).
EIMshaveaprevalenceraterangingfrom 6%to 47%.Approximatelyonethird of IBD patients
will developEIMsin thecourseof their disease[2±4].In acohortstudyof 950IBD patients,
43%of CD patientsand31%of UC patientshadEIMs[5]. Theprevalenceof EIMsishigher
in CD comparedto UC [5,6].Thedevelopmentof oneEIM appearsto increasetherisk of
developinganotherEIM [7]. Thetreatmentof EIM in IBD patientsremainschallengingin
clinicalpracticeandoftenrequirestheuseof biologicsraisingbothsafetyandcostissues.Joint
involvement(SpondyloarthritisSpA)is themostcommonEIM in patientswith IBD, with a
prevalencerangingbetween17%and39%[8]. Thiscomorbiditycanbeverydisablingandis
associatedwith amoreseverediseasecoursein IBD patients[5].

Two main typesof rheumatismcanbeassociatedwith IBD: ���������� ��������	 suchas
synovitisand/ordactylitisand/orenthesopathyand�
��� ���
������� [9]. Two subtypescate-
gorizetheperipheralarthritis: type1,thepauci-articularform, generallyrunning parallelto
theintestinaldisease,isacuteandself-limiting;andtype2,thepolyarticularform, running
independentlyfrom IBD, with symptomslastingfor monthsor years[10].

Evidencefrom experimentalandclinicalstudieshaveimplicatedgutmicrobiotain both
IBD andSpApathophysiology[11].Decreaseof thediversityof bacteria,hasbeenobservedin
experimentalandclinicalsituationsfor IBD [12] andSpA[13]. Thisdysbiosisis thoughtto
promoteanimbalancebetweenpro-inflammatoryandanti-inflammatorycellsin gastrointes-
tinal tract.Induction of colitiswith dextransodiumsulfate(DSS)in mice,promoteschanges
in thegutmicrobiotadiversity[14], andinvolvesimmunesystem[15]. HLA-B27transgenic
rats,aSpAmodel,haveadifferentmicrobiotacomparedto thenon-transgenicrats[16,17].
Thesetransgenicratsspontaneouslynot only developaSpAbut alsoacolitis representing
humandisease.In collagen-inducedarthritis (CIA) modelin mice,adisturbanceof gutmicro-
biotamodifiestheseverityof disease[18].

Thereciprocalinfluenceof colitisandarthritis isunknown.Weevaluatedfor thefirst time,
theimpactof experimentalcolitis in thedevelopmentof collagen-inducedarthritis in mice
andtheassociatedgutmicrobiotachanges.

Materials and methods

Induction of colitis and arthritis
Theprotocolwasdevelopedaccordingto localandinternationalrecommendationsandall
experimentsweremonitoredby thestaffof theanimalfacility,whichwasauthorized(agree-
ment# 154-547-025)localethicscommittee(CEMLEAComiteÂd'eÂthiqueenMati�re d'ExpeÂri-
mentationAnimale).Surgeryandnecropsywereperformedunderketamine/acepromazine
anesthesia,andall effortsweremadeto minimizesuffering.Collagen-inducedarthritis was
inducedin 7-weeksold DBA/1 malemice(JanvierLabs).At day0,animalsweresensitizedat
thebasisof thetail by intradermalinjectionof 100�l of typeII bovinecollagen(CII, MDbio-
products)suspensionat2mg/mlandemulsifiedin completeFreund'sadjuvant(CFA).At day
21,aboosterip injectionof 100�l collagenII mixture at1mg/ml,wasperformed.Colitiswas
inducedbyadministrationof 3%DSS(Colitis gradeMW 36-50kDa)(MPBiomedicals)in
drinking waterfor 7 days.Animalswerehousedin groupsof five in solid-bottomedplastic
cageswith accessto tapwaterandstandardrodentpelletedchow(ScientificAnimal Food&
EngineeringA04)�� �������. Threeexperimentalgroupswerestudied:CIA alone(referredas
arthritis),DSScolitisalone(referredascolitis),andCIA in animalsexposedto DSSduring
arthritis development(referredasarthritis + colitis).Onegroupof DBA/1 micewasusedas
control.Studydesignissummarizedon Fig1A.

Concomitant colitis and arthritis in mice
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Clinical assessment of arthritis
Micewereweigheddaily.Theseverityof arthritis wasevaluatedeverydayon eachpawwith a
scorefrom 0 to 4,for amaximalscoreof 16byanimal(0 = normal joint, 1 = moderateredness
andslightswellingor swellingof oneor two digits,2 = moderaterednessandmoderatepaw
swellingor swellingmorethanthreedigits,3 = rednessandswellingfrom tarsaljoints to meta-
tarsaljoints,4 = severerednessandsevereswellingof theentirepaw).

Hindpawswellingwasmeasuredat thesametime byplethysmography.Pawvolumedeter-
minedprior to diseaseinduction wasusedasthebaseline.

Histological assessment of arthritis
Thedevelopmentof arthritis wasanalyzedbyhistologicalassessment.Micewerekilled bycer-
vicaldislocationandhindpawsweredissectedthenfixedin 4%formalin (Labonord).Hind-
pawswerefurther decalcifiedin 10%EDTA for 1 month andembeddedin paraffinblocks.
Five�m-thick tissuesectionswerecut andtwo strainingswereperformed,hematoxylin,eosin
andsafranandtoluidine blue.Histologicalexaminationwascarriedout blindly by threeinde-
pendentobservers.Synoviumfrom anklejoint wasgradedon ascaleof 0 to 3 (with 0 = normal
and3 = majorchanges)for synoviocytehyperplasia(depthof lining layer)andtissuecellinfil-
tration. Cartilagedegradationwasgradedfrom 0 = fully stainedcartilage,1= destainedcarti-
lage,2 = destainedcartilagewith synovialcellsinvasionto 3 = completelossof cartilage.The
followingmorphologiccriteriahavebeenusedfor boneerosion:0 = normal,1 = mild lossof
corticalboneat fewsites,2 = moderatelossof corticalandtrabecularboneand3 = marked
lossof boneatmanysites.

Fig 1. Colitis occurren ce reduces arthritis severity. (A) Schematic representation of study design. Incidence of arthritis has been monitored (B) and
clinical parameters, arthritis score (C) and hindpaws volume (D), have been measured in control, arthritic, colitic or arthritic and colitic mice (N = 8 by group).
Arthritis was induced by injection of CII (200��g) at D0 at the basis of the tail and a boost of 100��g CII was performed at D21 by intra-peritoneal injection. Colitis
was induced by oral intake of 3% DSS in drinking water from D14 to D21. Data are expressed as mean �“ SEM. # P��0.05 arthritis group versus control group. �
P��0.05 arthritis + colitis group versus arthritis group.

https://doi.org/10.1371/journal.pone.0184624.g001
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Foreachgroup,8sectionsweregradedatdifferentfieldsto providerepresentativesamples
of thewholejoint. Meanscoreshavebeendeterminedfrom thedifferentsectionsof theindivid-
ualanimalsallowingthecalculationof compositescoresfor thedifferentexperimentalgroups.

Measurement of mediator expression by reverse transcription
polymerase chain reaction (RT-PCR)
At necropsy,forepawsof micewerepreservedin trizol� thenwerefrozenat -80ÊCuntil use.
Forepawsweregrindedwith homogenizer-dispersertool (Ultra-turrax, IKA) in 3ml of trizol.
Sampleswerecentrifugedat12,000gfor 10minat4ÊCand200�l of chloroformpermilliliter of
trizol� wereaddedto thesupernatant.Sampleswerecentrifugedat12000gfor 15minat4ÊC,
500�l of isopropanolpermilliliter of trizol� wereaddedto theaqueousphasebeforeincuba-
tion overnightat -20ÊC.RNAswerepelletedbycentrifugationat12000gfor 10minandwere
washedtwicewith 70%ethanol.Finally,RNAsweretakenup in water.

Reversetranscriptionwasperformedwith 2�g of RNA,4�l of RTbuffer,2�l of dNTPat
5mM, 2�l of DTT at100mM,1�l of hexaprimersat0,2�g/�l and1�l of M-MLV at200u/�l
(Invitrogen).Sampleswereincubatedat37ÊCfor 1h30andat95ÊCfor 5min.

ForPCR,samplesweredilutedto one-tenthfor S29,chosenasahousekeepinggene,and
one-fifth for genesof interest(TNF��, IL-1��, iNOS),respectively.PCRwasperformedwith 5�l
of samples,10�l of SYBR,1�l of eachprimer at10�M and3�l of water.Sequencesof primers
arelistedin S1Table.

Gut microbiota analysis
Feceswerefreshlyharvestedthenfrozenat -80ÊCuntil use.

FecalDNA extraction. GenomicDNA wasextractedfrom 200mgof fecesaspreviously
described[19]. Followingmicrobial lysisinvolvingbothmechanicalandchemicalsteps,
nucleicacidswereprecipitatedvia isopropanolfor 10minutesat room temperature,followed
by incubationfor 15minuteson iceandcentrifugationfor 30minutesat15,000� and4ÊC.Pel-
letsweresuspendedin 112�L of phosphatebufferand12�L of potassiumacetate.After the
RNasetreatmentandDNA precipitation,nucleicacidswererecoveredviacentrifugationat
15,000� and4ÊCfor 30minutes.TheDNA pelletwassuspendedin 100�L of TEbuffer.

16SrRNA genesequencing. A 16SrRNA genefragmentcomprisingtheV3 andV4
hypervariableregions(16S(sense)���¶���7�$�&�*�*�5�$�*�*�&�$�*�&�$�*�����¶and(antisense)���¶���&�7�$�&
�&�1�*�*�*�7�$�7�&�7�$�$�7�����¶)wasamplifiedusinganoptimizedandstandardized16S-amplicon-
library preparationprotocol(Metabiote,GenoScreen,Lille,France)asrecentlydescribed[20].
Briefly,16SrRNA genePCRwasperformedusing5 nggenomicDNA accordingto themanu-
facturer'sprotocol(Metabiote)using192bar-codedprimers(MetabioteMiSeqPrimers)at
final concentrationsof 0.2�M andanannealingtemperatureof 50ÊCfor 30cycles.ThePCR
productswerepurified usinganAgencourtAMPureXP-PCRPurificationsystem(Beckman
Coulter,Brea,CA,USA),quantifiedaccordingto themanufacturer'sprotocol,andmulti-
plexedatequalconcentrations.Sequencingwasperformedusinga300-bppaired-endse-
quencingprotocolon anIllumina MiSeqplatform(Illumina, SanDiego,CA,USA)at
GenoScreen,Lille,Franceasdescribedpreviously[20].

Processingof sequences.Thesequencesweredemultiplexed,quality-filteredusingthe
`quantitativeinsightsinto microbialecology'(QIIME, version1.9.1)softwarepackage,andthe
forwardandreverseIllumina readswerejoinedusingthefastq-joinmethod(http://code.
google/p/ea-utils).Thesequenceswereassignedto OTUsusingtheUCLUSTalgorithm[21]
with a97%thresholdof pairwiseidentity andclassifiedtaxonomicallyusingtheGreengenes

Concomitant colitis and arthritis in mice
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referencedatabase[22]. Rarefactionwasperformed(25,000sequencespersample)andusedto
comparetheabundancesof OTUsacrosssamples.

Principalcomponentanalyses(PCA)of theUnweightedUnifrac distancewith eachsample
coloredaccordingto thediseasephenotypewerebuilt andusedto assessthevariationbetween
experimentalgroups.Thenumberof observedspecies,aswellastheShannon,Simpsonand
Chao1diversityindexeswerecalculatedusingrarefieddata(depth= 25,000sequences/sample)
andusedto characterizespeciesdiversityin acommunity.Differentialanalysiswasperformed
usingthelineardiscriminantanalysis(LDA) effectsize(LEfSe)pipeline[23].

Statistics
Dataareexpressedasmean� SEM.Arthritis scoreandhistologicalgradingwereanalysed
with theKruskall-Wallistest,usingStatView�version5.0software(SASInstitute Inc.,Cary,
NC,USA).All otherdatawerecomparedbyanalysisof variance(ANOVA) followedbyBon-
ferroni �
	���
� test.Differenceswereconsideredsignificantat � < 0.05.

Results

Colitis dampened collagen-induced arthritis severity
No signof arthritis wasobservedin control andªcolitisº groups.In theªarthritisº group,the
first arthritis symptomswereobservedbyday20whereasarthritis developed8 dayslaterin the
ªarthritis + colitisº group.(Fig1B).Arthritis severitywasmoderatewith amaximummean
clinicalscoreof 5.8� 1.6in theªarthritisº group�	 4.0� 1.5in theªarthritis + colitisº group
(Fig1C).Hindpawedemaincreasedgraduallyfrom day24to day41in theªarthritisº group,
whereasoedemaoccurredbyday34in theªarthritis + colitisº groupandremainedsignifi-
cantlylesssevere(Fig1D).

Theseobservationswereconfirmedby joint histologicalanalysisatnecropsy(Fig2A).As
expected,anklesof miceshowedno signof inflammationor cartilagedegradationin control
andcolitisgroups,whereas80%of anklesof micein ªarthritisº group�	 40%in ªarthritis+ coli-
tis groupºwerearthritic. Inflammation(synovialhyperplasiaandcellinfiltration) (Fig2Ac),
andjoint structuraldamages(cartilagedegradation(Fig2Ad) andboneinfiltration), were
moreseverein thearthritis groupcomparedto ªarthritis + colitisº group.

Theexpressionof theproinflammatorycytokinesTNF�� andIL-1�� andiNOSgene(chosen
asamarkerof chronicinflammation)in theforepawsshowedanincreasein theªarthritisº
groupwhereasno significantchangeswereobservedin theªarthritis + colitisº group.

Colitis severity was not affected by arthritis
In ªcontrolº andªarthritisº groups,no clinicalsignof colitiswasdetected(S1Fig).In ªcolitisº
andin ªarthritis + colitisº groups,micedevelopedcolitisbetweenday15andday27with a
peakatday20.No statisticalsignificantdifferencewasobservedbetweenthesetwo groups
(S1AandS1BFig).

Fecallipocalin2,asensitiveandbroadlydynamicnon-invasivebiomarkerfor intestinal
inflammationwasmeasuredat theindicatedtime points.Basallevelsof fecallipocalin-2were
observedin ªcontrolº andªarthritisº groups.Asexpectedcolitiscausedanincreaseof fecal
lipocalin-2in ªcolitisº andin ªarthritis + colitisº groups(S3Fig).Colonlengthwasreducedin
DSSinducedgroup(S1CFig).At day41,theexpressionof inflammatorygenesin colonwere
similar in all groupsandno differencewasobservedbetweenªcolitisº groupandªarthritis
+ colitisº group.(S2Fig).Colitiswasobservedhistologicallyin both ªcolitisº andªarthritis
+ colitisº groupwithout statisticaldifferencesin severity(S1EandS1FFig).

Concomitant colitis and arthritis in mice
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Fig 2. Analysis of joint inflammatio n and structur al articular degrada tion in mice. Analyses were performed 41 days after arthritis
sensitization and/or 27 days after colitis induction (N = 8 by group). (Aa) Macroscopic examination of ankle inflammation (Ab), histological
grading of synovium infiltration and hyperplasia, cartilage degradation and bone erosion, (Ac) representative picture of ankles section (HES
staining, X4 magnification) (Ad) representative sections of articular cartilage (toluidine blue staining, X10 magnification). (B) Measurement
inflammatory cytokines and inflammation marker in forepaws (n = 5 by group) on day 41 by real time PCR. Data are expressed as
mean �“ SEM, # P��0.05 arthritis group versus control group, � P��0.05 arthritis + colitis group versus arthritis group.

https://doi.org/10.1371/journal.pone.0184624.g002
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Changes in gut microbiota
Induction of colitiscausedchangesin fecalmicrobiotacomposition.Principalcomponents
analysisof betadiversityshowedsignificantdifferencesbetweenªcolitisº andªarthritis + coli-
tisº groupscomparedwith ªcontrolº andªarthritisº groupsatdays21,30and41(Fig3A).
Induction of arthritis did not modify bacterial��-diversity.Thisparameterwassignificantly
lowerinºcolitisº groupcomparedwith ªarthritis + colitisº groupatday21(Fig3B).Fecal
microbiotacompositionwasdifferentbetweenªcolitisº andªarthritis + colitisº groups,and
notablyatday21(Fig4A and4B).At this time point, severaltaxabelongingto Firmicutesphy-
lum weremorepresentin ªarthritis + colitisº groupcomparedto ªcolitisº group.Thiswasthe
casefor Lactobacillusgenera,andLachnospiraceaefamily.Conversely,Gemellagenerain the
FirmicutesphylumandPseudomonadaceaefamily in theProteobacteriaphylum,wereless
representedin ªarthritis + colitisº groupcomparedto ªcolitisº group.

At day21and30,fecalmicrobiotacompositionwasdifferentbetweenªarthritisº and
ªarthritis + colitisº groups(Table1 andFig4C).Severaltaxabelongingto Firmicutesphylum
weredecreasedin ªarthritisº groupcomparedto ªarthritis + colitisº groupsuchas�����
�
��
��	 �����	 andDesulfovibrionaceaefamily,belongingto Proteobacteriaphylum.

At day30and41,��-diversitywassimilarbetweenªarthritis + colitisº groupandªarthritisº
groupand��-diversitydid not showanysignificantdifference(Fig3A and3B).However,at
thesetime points,fewdifferenceswereobservedin fecalmicrobiotacompositionbetween
thesetwo groups(S3Fig).At day30,only �����
��
��	 genera(Firmicutesphylum),andpar-
ticularly �. �����	 species,wasmorepresentin ªarthritis + colitisº groupcomparedto ªarthri-
tisº group.At day41,in addition to �����
��
��	, ������� andGemellaceae(belongingto
Firmicutesphylum)weremorerepresentedin ªarthritis + colitisº groupcomparedto ªarthri-
tisº group.

Discussion
IBD isasystemiccondition andcanbeaccompaniedbyextraintestinalmanifestations(EIMs)
[24]. Articular manifestationsarethemostfrequentEIM; between17%and39%of patients
with IBD haveaspondyloarthritis(SpA)[25]. Understandingthemechanismsunderlyingthe
developmentof suchcomplicationin IBD isaprerequisiteto improving their management
andremainsanunmetneedfor thesepatients.Hereinweshowthatexperimentalcolitiscould
affectarthritis developmentin mice.Indeed,induction of colitisdelayedarthritis onsetand
reducedits severity.Weobservedalowerarthritis scoreandedemain arthritis + colitisgroup
comparedto arthritis group.In contrast,colitisseveritywasnot stronglyinfluencedbyarthri-
tis development.This is,to our bestknowledge,thefirst exampleof atransorganeffectin
experimentalIBD.

In healthyadult,gutmicrobiotais relativelystableandplaysakeyrole in homeostasisof
theorganism[26,27].Humanandmousegutmicrobiotaappearto becomposedmainlyof
bacteriafrom theFirmicutesandBacteroidetesphyla[28±30].Severalstudiesshowedthatgut
microbiotais involvedin inflammatoryandmetabolicdiseases[26,27]amongwhichIBD and
rheumatologicdiseases.

Manygroupsworldwidehavepointedout theIBD-associateddysbiosis,whichischaracter-
izedbyalowerbiodiversity,adecreasedlevelof someFirmicutessuchas����������������
����	������ [31] andanincreasedlevelof Proteobacteriasuchas�	��������� �
�� [32]. This
imbalancein microbiotacompositionmight havefunctionalconsequencesassomedecreased
bacteriasuchas�. ����	������ havebeenshownto exhibitanti-inflammatoryeffects[33],
whereasotherbacteriasuchas�. �
�� havepro-inflammatoryeffects[34]. Aspreviously
observed,fecalmicrobiotaof micewith DSS-inducedcolitiswascharacterizedbyadecreased
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diversityandchangesin microbiotacomposition.Asexpected,DSS-inducedcolitisprovoked
anincreasein theBacteroidetesoverFirmicutesratio whereasno changesin Proteobacteria
phylumwasobserved[29].

Fig 3. Diversity of fecal microbiota of control, arthritic, colitic or arthritic and colitic mice (N = 5) at days 14 (before
induction of colitis), 21 (during colitis), 30 (after colitis) and 41 (after colitis) . Arthritis was induced by injection of CII (200��g)
at D0 at the basis of the tail and a boost of 100��g CII was performed at D21 by intraperitoneal injection. Colitis was induced by oral
intake of 3% DSS in drinking water from D14 to D 21. (A) Representation of ��-diversity of fecal microbiota. (B) Representation of �.-
diversity. Data are expressed as mean �“ SEM. # P��0.05 colitis group versus control group. � P��0.05 arthritis + colitis group versus
colitis group.

https://doi.org/10.1371/journal.pone.0184624.g003
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Gut microbiotahasseveraleffectson immunecellsbothwithin andbeyondthegutand
couldthusplayarole in thedevelopmentof extraintestinalmanifestations.Therearemany
recentargumentssupportingtheroleof gutmicrobiotain thepathogenesisof rheumaticdis-
ease(reviewedin[35]).

Majority of microbiotaandstudiesin rheumaticdiseaseshavefocusedon rheumatoid
arthritis, themicrobiotaof SpAremainslargelyunknown.Stebbings�� ��. determinedthefae-
calmicrobiotacompositionof 15SpApatientsand15matchedcontrolsusingmolecular
methodallowingtheidentificationof fewspecificbacterialgroups[36].Theydemonstrateda
significantlyhigherproportion of sulphatereducingbacteriain faecalsamplesfrom ankylosing
spondylitis(AS)patientscomparedwith samplesfrom controls.More recently,Costello�� ��.
showedevidencefor adiscretemicrobialsignaturein theterminal ileumof patientswith axial
form of SpAcomparedwith healthycontrol subjectsusingthe16rRNAgenesequencing
method[37].Themicrobialcompositionwasdemonstratedto correlatewith diseasestatus.
Importantly,of the7 familiesof microbeswith differencesin abundancewithin theSpA
patients'microbiome,�����
	��������, �����
�
�������, and����
��������� werestrongly
associatedwith colitisandCD, (n = 9 patientsand9 healthymatchedcontrols).However,
largerstudiesarerequiredto definetheindividual bacterialspeciesinvolved.

Collagen-inducedarthritis (CIA) sharesmanysimilaritieswith humanrheumatoidarthri-
tis. Indeedthetwo majorcharacteristicsof theCIA modelÐbreachof toleranceandgenera-
tion of autoÐantibodiestowardselfandcollagen-makeCIA thegoldstandardin vivomodel
for RA studies,but not for spondyloarthritis.IBD associatedarthritis isconsideredby rheuma-
tologistasspondyloarthritis.Thelackof reliableinduciblemodelof SpAin mice[38],or the
factthatarticularinflammationisconcomitantlyassociatedwith intestinalinflammationin
spontaneousSpAmodelsleadusto choosetheCIA modelto deciphertheimpactof digestive
inflammationon joint diseaseandviceversa.

Gut microbiotaplayanimportant role in developmentof inflammatoryarthritis in human
andin animalmodels[39], in particularin CIA. During arthritis development,fecalmicro-
biotawasdifferentbetweenCIA-susceptiblemiceandCIA-resistant[40]. Partialdepletionof
microbiotawith antibiotichasbeenshownto modify theseverityof arthritis in thismodel
[18]. Herein,weobservedthatmicrobiotacompositionof micewith arthritis andcolitis isdif-
ferentfrom micewith colitisonly.Firmicutesphylumismainlyaffects;Lactobacillusgenus
andClostridialesorderaremorepresentin micewith arthritis andcolitiscomparedto mice
with colitisalone.Severalstudiesshowedthatspeciesfrom Lactobacillusarebeneficialin DSS-
inducedcolitis [41,42].Thereby,Lactobacillusspincreasein arthritis + colitisgroupmight
playarole in thesubclinicalimprovementasobservedby thedecreasein fecallipocalin-2
level.

Compositionof fecalmicrobiotawasalsodifferentbetweenarthritis andarthritis + colitis
groups.At arthritis andcolitisonset,weobservedthatLactobacillaceae,andnotably

Fig 4. Compo sition of fecal microb iota in this model. (A) Composition of fecal microbiota (Family level) of
control, arthritic, colitic or arthritic and colitic mice (N = 5) at days 14 (before induction of colitis), 21 (during
colitis), 30 (after colitis) and 41 (after colitis). (B) Differential analysis between colitis and colitis + arthritis
groups at day 21. (C) Differential analysis between arthritis and colitis + arthritis groups at day 21.

https://doi.org/10.1371/journal.pone.0184624.g004

Table 1. Comparis on of ��-diversity between ªarthrit is + colitisº versus ªarthrit isº alone group. Ano-
sim 9,999 permutations.

D14 D21 D30 D41

p value 0.177 0.0085 0.015 0.064

https://doi.org/10.1371/journal.pone.0184624.t001
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Lactobacillus,�����
�
���	 �����	 belongingto LachnospiraceaeandS24_7speciesbelong-
ing to Bacteroidalesweremorepresentin micewith arthritis andcolitiscomparedto arthritis
group.Interestingly,thesegroupsof bacteriahadbeenshownto bemorepresentin micewith
highersusceptibilityto arthritis development[40]. Thus,wemight hypothesizethatcolitishas
alteredthegutmicrobiotaof thesemiceandthusdelayedtheappearanceof ªpro-arthrito-
genicºbacteria.In averyrecentreport,Brebanandcollaboratorsrevealedspecificdysbiosis
in SpApatientdistinctivefrom dysbiosisfound in RA patientsandevidenceanincreasein
�����
�
���	 �����	 thatappearsspecificfor SpAandamarkerof diseaseactivity,further
highlightingtheclinical relevanceof our findings.

Takentogetherour resultsdemonstratethatconcomitantexperimentalcolitisprotects
miceagainstcollagen-inducedarthritis andthis isassociatedwith changesin gutmicrobiome
composition.Somelimitationsof thisstudyshouldbeconsidered.Othermechanismsthan
microbiotachangesmaycontributeto arthritis protectionbycolitis in thismodel.Wecannot
excludethatDSS-inducedcolitiscouldinduceaªtitrationº of theimmunesystem(in termsof
immunecellmobilizationand/orpolarization)towardsgut inflammationpreventingarticular
diseaseoccurrence.Our dataon microbiotaarepreliminaryandwouldrequirefecaltransplan-
tation experimentsto establishacausallink. In this regard,it wouldbeinterestingto investi-
gatethedistribution of mucosalandsystemicTh17in thismodel.IndeedIL-17contributesto
botharthritis andcolitis in experimentalmodelandin human[43]In physiologicalconditions,
Th17cellsareinvolvedin extracellularpathogensdefenceandactmorespecificallyin the
mucosalfirewall[44].Indeed,in basalconditionsmostTh17cellsarefound in thegastro-intes-
tinal tract (laminapropria)anddevelopfrom signalsthatarederivedfrom themicrobiota.
Furtherinvestigationsstudyingmicrobiotacompositionchangesandconcomitantvariationin
Th17abundancein articularandmucosalcompartmentduring colitisand/orarthritis could
pavethewayfor newtherapeuticstrategiesin EIM relatedIBD treatmentthroughmanipula-
tion of thegutmicrobiota(probiotics,prebioticsfor example).
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