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Introduccio

Capitol 1

Colitis Ulcerosa

La Colitis Ulcerosa (CU), descrita I'any 1859 pel Dr. Samuel Wilks (Regne Unit,
1824-1911), és una malaltia inflamatoria intestinal (MII) cronica que afecta la

mucosa del colon i de la que se’'n desconeix l'etiologia [1I, 2].

1. Epidemiologia

La MII engloba dues entitats principals, la CU i la malaltia de Crohn (MC).
Ambdues sorgeixen a mitjans del segle XIX a 'oest d’Europa, America del Nord,
Australia i Nova Zelanda, en paral-lel amb la revolucié industrial. Actualment,
America del Nord i Europa sén les regions amb major incidencia, afectant uns 1,5
milions d’americans i 2,2 milions d’europeus, pero la indicencia i prevalenca de la
CU i la MC, tan a Europa, America, Asia i altres regions en vies de desenvolu-

pament, experimenten un increment progressiu i sostingut al llarg del temps [3, [4].

En el cas concret de la CU, la incidéncia es situa entre 0,97-57,9 (per 100.000
persones/any) a Europa i 8,8-23,1 a America del Nord; essent la major preva-

lenga reportada a Europa de 505 (per 100.000 persones) i de 279 a America del
Nord [5].

La CU afecta indistintament homes i dones des de la infantesa fins a edats
avancades, existint un pic d’incidencia entre els 20 i 29 anys d’edat. Es coneix
també una major incidencia en la poblacié jueva i un augment en regions urbanes

respecte regions rurals [6-8].
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2. Simptomatologia i caracteritzacio

Introduccio. Colitis Ulcerosa

L

La CU es caracteritza per la inflamacié de la mucosa intestinal del colon en forma

d’eritema, disminucié o perdua del patré vascular, friabilitat, erosions i presencia

d’tlceres (Figura[lJA) [9]. La inflamacid s’inicia al recte i es pot estendre de forma

continua i en sentit proximal fins al cec (Figura[lB). Depenent de I’area intestinal

afectada i d’acord amb la classificacié de Montreal es parla de [10]:

e Proctitis (E1), inflamacié confinada al recte (fins la unié recte-sigma).

e Colitis esquerra (E2), la inflamacié s’estén des del recte fins al colon esquerre

(angle esplenic).

e Pancolitis o colitis extensa (E3), quan I'afectacié s’estén més enlla de 'angle

esplenic.

A

Mucosa intestinal normal  Activitat lleu (eritema,
o malaltia inactiva perdua de patré vascular,
friabilitat lleu)

Activitat aguda
(sangrat espontani, tlceres)

Activitat moderada
(eritema, abséncia de
patré vascular, friabilitat,
erosions)

o ascenden

» “Colon esquerra
"o descendent

Apeéndix

Extensié de la malaltia
Proctitis ==
Colitis esquerra

Pancolitis m— —

Figura 1: Gravetat i extensié de la Colitis Ulcerosa. (A) Imatges endoscopiques repre-
sentatives dels diferents graus d’activitat de la CU. (B) Esquema de l'extensi6 de la
inflamacié intestinal de la CU d’acord a la classificacié de Montreal. Adaptat de [11].
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A nivell histologic la mucosa intestinal inflamada pot presentar un augment d’in-
filtrat leucocitari (cel-lules mononuclears i polimorfonuclears en la lamina propia i
'epiteli), alteracions estructurals de les criptes intestinals (disminucié del nombre
de cel-lules calciformes, variabilitat en el diametre i la distancia entre criptes, i

fusié de criptes) i disrupcié de la barrera epitelial (tilceres)(Figura[2) [12].

MUCOSA SANA ALTERACIONS HISTOPATOLOGIQUES DE LA COLITIS ULCEROSA

Epiteli intestinal (enterocits)

Dlametre i dlstanC|a
de criptes variable

§Péruda cél-lules calciformes £ Fusié de criptes

Figura 2: Caracteristiques histopatologiques de la Colitis Ulcerosa.

Els simptomes associats a la CU inclouen: un augment del nombre de deposicions
diaries, diarrea, presencia de sang i moc en les deposicions, urgencia, tenesme,
dolor abdominal, febre, malestar, inapetencia, perdua de pes i afectacié de I'estat
general. A més, entre un 10 i un 30% dels pacients presenten manifestacions
extraintestinals que involucren diferents organs i sistemes com les articulacions,
la pell, el fetge, els ulls, i la boca [13].
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3. Diagnostic i curs clinic

El diagnostic de la CU, un cop excloses altres patologies amb simptomatologia
similar com infeccions o isquéemia, es basa en criteris clinics, endoscopics, his-

tologics i radiologics.

El diagnostic més comu és la colitis esquerra, donant-se en més del 50% dels
casos [14]. Depenent de l'extensié de la malaltia la prognosi variara; com menor
sigui l'area afectada millor sera la prognosi. Aixi, pacients diagnosticats amb
pancolitis presenten un major risc de requerir cirurgia, patir cancer colorectal
(CCR) i altres complicacions importants com el sagnat agut i/o el megacolon
toxic [15] [16].

El curs clinic de la CU pot presentar diferents patrons d’evolucié. En general, es
pot diferenciar entre quatre patrons (Figura [3)[I7]. El patré més comu es carac-
teritza per un primer brot agut de la malaltia seguit de la remissié permanent o
la presencia d’inflamacié lleu (Figura ; Patré I). Per altra banda existeixen dos
patrons que es caracteritzen per una perpetuacié de ’activitat després del primer
brot tot intercalant perfodes d’activitat i remissié de forma més o menys conti-
nuada (Figura ; Patré III-1V). Finalment, alguns casos presenten un brot inicial
lleu seguit d’un augment constant de l'activitat de la malaltia sense aconseguir
de nou la remissié de la zona afectada (Figura [} Patré II).

Aquells casos que experimenten repetits brots d’activitat durant el curs de la
malaltia poden evolucionar cap a una major extensio de 'area afectada, atri-

buint un caracter dinamic a la CU [18].

Patré I: remissi6 o Patré Il: augment de la Patraé llI: cronicitat dels Patré IV: cronicitat dels
inflamacié lleu després gravetat de la malaltia simptomes de forma simptomes de forma
d’un primer brot agut després d’un primer brot continua intermitent
lleu
55% 1% 6% 37%
-
£
2
£
o
<
0 10anys 0 10anys 0 10anys 0 10 anys

Figura 3: Patrons d’evolucié de la CU. Representacié grafica de quatre corbes que
il-lustren els diferents cursos clinics de la CU, des del diagnostic fins als 10 anys de
seguiment. Adaptat de [17].
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4. Patogenesi

La CU, igual que la MC, és una malaltia idiopatica. Tot i que encara no se n’ha
determinat ’etiologia si que es coneixen diversos factors associats a aquesta que
posen en relleu la seva complexitat i li confereixen un caracter multifactorial.
Factors ambientals, genetics, alteracions de la microbiota intestinal, de la barrera

intestinal i de la resposta immunologica, en sén els principals (Figura .

4.1. Factors geneétics

Un dels principals factors de risc de patir CU és tenir antecedents familiars de
MII. Germans de pacients amb CU presenten un augment del risc de desenvolu-
par la malaltia d’entre 8 1 15 vegades [19]. Aquest fet podria fer pensar que la CU
és una patologia de caracter purament genetic. No obstant, estudis amb germans
bessons mostren que la concordanca entre bessons univitel-lins és del 16% i entre
bessons bivitel-lins del 4%, allunyant-se molt de la concordanga esperada si la CU

fos sols un trastorn genetic 1] [20].

Altrament, existeixen multiples variants genetiques que s’associen amb la MII.
La majoria d’aquestes sén compartides entre la MC i la CU (110 variants),
destacant-ne: IL23R, STATS, MST1, CARD9 i IL10, pero se n’han identifi-
cat 23 d’especifiques de la CU. Aquestes 23 es relacionen principalment amb la
formacié de la barrera epitelial i les unions intercel-lulars (p.e. HNF/A, ECM1,
CDH1, LAMBI), lautofagia (p.e. DAP), ila resposta immunologica (p.e. IL7R,
ILSRA/RB, IRF5) [21], 22).

També s’ha identificat I'al-lel HLA-DRB1*01:03, que s’ha associat a un fenotip

agressiu de la malaltia i que podria ser rellevant a nivell pronostic [23].

4.2. Factors ambientals

L’evolucié demografica de la malaltia, caracteritzada per 'augment de la in-
cidencia en les zones industrialitzades, ha posat en relleu la importancia de 'estil

de vida en la patogenesi de la CU.

'Els bessons dizigotics comparteixen el 50% dels seus gens, pel que la concordanca és del
50%, i els monozigdtics comparteixen el 100%, essent la concordanga dels seus factors genétics
del 100%.
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La millora sanitaria i higiénica, els canvis en 'estructura familiar (families més
reduides), una dieta rica en greixos saturats i vitamina B6, un estil de vida se-
dentari, l'estres, i alteracions en la son, es relacionen amb l'increment del risc de
patir CU [24H31].

A més, entre els pacients amb CU, 1"ds d’antiinflamatoris no esteroidals (AINESs)
s’associa amb el desencadenament de brots i, tot i que hi ha resultats contradic-
toris referent als antibiotics, es creu que 1'is d’aquests pot augmentar el risc de
patir una MII [32] [33].

Per altra banda, I'apendicectomia realitzada abans dels 20 anys i el fumar es
consideren factors protectors [34] [35]. Tanmateix, entre els individus fumadors,

el risc de desenvolupar CU augmenta al cap de 2-5 anys de deixar de fumar [30].

4.3. Microbiota intestinal

Molts dels factors genetics i ambientals associats a la CU estan relacionats amb
la microbiota intestinal, fent que aquesta pugui esdevenir un dels factors clau de

la malaltia.

La microbiota intestinal esta formada per un conjunt complex de microorganis-
mes que es localitzen a 'intesti i que juguen un paper fonamental en 'organisme.
S’estima que el nostre colon conté al voltant de 1.000 especies bacterianes dife-
rents que estan involucrades en el metabolisme, la fisiologia, la nutricié i diverses

funcions immunologiques [37].

Els pacients amb MII presenten una microbiota intestinal alterada (disbiosis)
que es caracteritza per una menor diversitat i una major densitat bacteriana
[38, B9]. La disminucié de microorganismes del filum Firmicutes (com Faecali-
bacterium prausnitzii) i 'increment de Gammaproteobacteris (com FEscherichia

coli adherent i invasiva) sén tipics en la disbiosi d’aquests pacients [40)].

Estudis en models murins demostren que models animals deficients per la ci-
tocina anti-inflamatoria interleucina-10 (IL-10) desenvolupen colitis degut a una
resposta immunologica descontrolada enfront als bacteris enterics intestinals [41].

Quan aquests animals es crien en ambients lliures de microorganismes no desen-
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volupen la colitis, mentre que quan soén colonitzats per bacteris comensals si que

la desenvolupen, senyalant la rellevancia de la microbiota en la CU [42H44].

Per altra banda, s’han detectat anticossos antibacterians en serum de pacients
amb MII. La deteccié d’aquests anticossos és menys freqiient en la CU que en la
MC, essent I’anticos perinuclear anti-citoplasma dels neutrofils (p-ANCA, perinu-
clear antineutrophil cytoplasmic antibody) el més caracteristic de la CU. p-ANCA
reconeixen antigens nuclears de neutrofils pero també s’han associat a una reaccié

creuada amb antigens bacterians [45] [46].

4.4. Barrera intestinal i resposta immunologica

La tolerancia al gran nombre de microorganismes presents en el tracte digestiu
es regeix per una resposta immunologica controlada que déna lloc a I’homeostasi
intestinal. Per aconseguir aquest equilibri entren en joc multiples factors: la
barrera intestinal, la resposta immunologica innata i la resposta immunologica
adaptativa. En pacients amb CU s’han descrit multiples alteracions d’aquest
procés que poden relacionar-se amb una resposta immunologica descontrolada

responsable de la perpetuaci6 de la inflamacié de la mucosa intestinal [21].

4.4.1. Barrera epitelial

La barrera epitelial és la primera linia de defensa contra la invasié de patogens en
I'organisme. Aquesta és una barrera fisica formada per diferents tipus cel-lulars
(enterocits, cel-lules calciformes i cel-lules enteroendocrines) que regula la perme-
abilitat de substancies i microorganismes presents en la llum del colon (Figura.
A més, les cel-lules epitelials expressen receptors de patogens com els receptors
tipus Toll (TLRs, Toll-like receptors) i NOD (nucleotide-binding oligomerization

domain) pel que estan involucrades en I'activaci6 de la resposta immunitaria.

La permeabilitat de la barrera epitelial esta augmentada en pacients amb CU,
relacionant-se amb la reduccié de la capa de moc que es troba per sobre de les
cel-lules epitelials i defectes en les unions intercel-lulars. En models animals s’ha
vist com la deplecié del gen mucina 2 (MUC?2), que codifica per una glicoproteina

que composa el moc intestinal, indueix colitis i CCR [47, [48)].
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Figura 4: Patogenesi de la Colitis Ulcerosa. Adaptat de [13].
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Per altra banda, I'expressié dels TLRs també esta alterada. En condicions fisi-
ologiques les cel-lules epitelials expressen majoritariament TLR3 i TLR5, men-
tre que l'expressié de TLR2, TLR4 i TLR9 esta augmentada en pacients amb
CU, relacionant-se amb ’activacié d'una resposta immunologica pro-inflamatoria
[49]. També s’ha detectat una reduccié de l'expressié de PPAR-y (perozisome
proliferator-activated receptor gamma) en lepiteli colic. PPAR~v és un receptor
nuclear que regula gens inflamatoris. Concretament, té la capacitat de suprimir
la produccié de molecules pro-inflamatories i, per tant, la seva menor expressio

en la CU pot estar contribuint en la perpetuacié de la inflamacié [50].

Totes aquestes alteracions, juntament amb el fet que la inflamacié en pacients
amb CU esta confinada al colon, posa de manifest la implicacié de la barrera

epitelial en la patogenesi de la colitis.

4.4.2. Immunitat innata

La resposta immunitaria innata es caracteritza pel reconeixement i la resposta a
patogens de forma inespecifica. Les cel-lules epitelials, endotelials i mesenquimals
poden considerar-se part d’aquesta resposta immunitaria innata pel paper que hi
juguen. No obstant, i centrant-nos en les cel-lules de llinatge hematopoetic, el
sistema immunitari innat esta mediat per diferents tipus cel-lulars: neutrofils,
cel-lules natural killer (NK), eosinofils, basofils, monocits, macrofags i cel-lules
dendritiques. Algunes d’aquestes ceél-lules (neutrofils, macrofags i cel-lules dendri-
tiques) sén cel-lules fagocitaries, essent les encarregades d’iniciar la resposta con-
tra agents patogens a través d'uns sensors capacos de reconeixer patrons mole-
culars especifics, anomenats PRRs (pattern-recognition receptors). Secreten cito-
cines i quimocines i mantenen ’homeostasi eliminant restes cel-lulars, antigens,
cel-lules apoptotiques i microorganismes. A més, els macrofags i les cel-lules
dendritiques actuen com a cel-lules presentadores d’antigens fent de pont entre el

sistema immunitari innat i 'adaptatiu.

Un dels primers signes d’inflamacio colica és la infiltracié de neutrofils a la mucosa
intestinal, tant en la lamina propia com en les criptes epitelials (criptitis, Figura
. L’elevada acumulacié de neutrofils infiltrants en pacients amb CU pot alterar
les funcions de la barrera epitelial, afavorir la destruccié tissular mitjancant dany

oxidatiu i proteolitic, i perpetuar la inflamacio6 a través de la secrecié de miltiples
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mediadors inflamatoris [51].

Un increment de les cel-lules dendritiques madures i activades, amb major capa-
citat d’estimulacié i I'expressio dels TLRs alterada s’ha detectat en la mucosa
de pacients amb CU[52]. Estudis en models murins indiquen que el paper dels
macrofags i les cel-lules dendritiques pot ser clau en la resposta inflamatoria in-
testinal. La majoria dels macrofags i cel-lules dendritiques residents a la lamina
propia de ratolins, involucrats en la prevencié de la translocacié de bacteris co-
mensals als ganglis limfatics mesenterics i en regular la resposta Th17, expressen
el receptor CX3CR1. La deplecié d’aquest receptor s’associa a la reduccié del
nombre de macrofags presents en la lamina propia i, en conseqiiencia, a augmen-
tar la translocacié de bacteris comensals als ganglis limfatics mesenterics. Aixi, en
models murins amb colitis induida per DSS, la deplecié de CX3CR1 incrementa

la gravetat de la colitis [53].

4.4.3. Citocines de la immunitat innata

Les citocines juguen un paper crucial en la progressio i gravetat de la MII. Una
de les citocines quimiotactiques més abundants en la inflamacié és la CXCLS8
o IL-8, expressada principalment per macrofags, neutrofils i cel-lules epitelials.
En malalts amb CU I'expressioé d’aquesta quimiocina es correlaciona amb el grau
d’activitat endoscopica i histologica de la CU [54H56]. De la mateixa manera, la
produccié d’altres quimiocines com CXCL1, CXCL2, CXCL9, CXCL10 i CCL20,

també s’associa amb 'activitat clinica i endoscopica de la malaltia [57H59].

En general, les cel-lules presentadores d’antigens expressen grans quantitats de
citocines pro-inflamatories com IL-13, IL-6, IL-18 i Tumor Necrosis Factor-a
(TNF-«). La MII es caracteritza per un augment de I'activitat de la via de la
IL-18 [60]. Tanmateix, la manca de CASP1, un enzim encarregat d’activar IL-13
i [L-18, evita que ratolins tractats amb DSS desenvolupin colitis, posant en relleu

la importancia d’aquestes en la patogenesi de la MII [61].

La IL-6 també esta augmentada tan en humans amb MII com en models ani-
mals de colitis, mostrant una correlacié positiva amb l'activitat endoscopica de
la malaltia [50] 62] 63]. Aquesta citocina esta associada a varies funcions pro-

inflamatories com l'activacié de cel-lules presentadores d’antigen i de cel-lules T,
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i apoptosi [64]. Els resultats obtinguts bloquejant aquesta molecula en models
animals mostren una reduccié de la inflamacio; no obstant, en un primer cas clinic

d’un pacient amb CU s’han reportat resultats negatius [65].

El TNF-«, secretat per macrofags CD14, adipocits, fibroblasts i cel-lules T, esta
augmentat en la sang, la femta i la mucosa intestinal dels pacients amb MII [66l-
70]. Aquest es pot trobar en membrana o soluble, i activa tota una cascada de
senyals pro-inflamatories a través del factor de transcripcié NF-xB (nuclear fac-
tor of the k light chain enhancer of B cells) [T1]. La neutralitzacié del TNF-« de
membrana indueix 'apopotosi de cel-lules T i és efectiu en la supressié de la co-
litis en models murins [72, [73]. A més, l'eficacia dels anticossos contra TNF-a en
pacients amb CU i MC, una de les terapies més utilitzades actualment, confirma

la importancia d’aquest en la patogenesi [74].

Per altra banda, les citocines de la familia de la IL-12 (IL-12; IL-23, IL-27 i
IL-35), produides per cel-lules presentadores d’antigen, també augmenten durant
el procés inflamatori [75]. La IL-35 regula la colitis en models murins depen-
dents de cel-lules T, i I'administracié de IL-35 recombinant redueix 'activitat

inflamatoria suprimint citocines pro-inflamatories produides per les cel-lules Thl

i Th17 [76).

Una altra de les families de citocines alterades degut a la invasié de la micro-
biota intestinal és l'interferé tipus I (IFN-a i IFN-5), que es veu activat per
I'estimulacié del TLRY, present en cel-lules dendritiques plasmacitoides i cel-lules
B [77]. Aquestes citocines poden estar implicades en la regeneracié epitelial i en
la induccié de cel-lules T reguladores productores de IL-10. Lis d’agonistes del
TLR9 ajuda a suprimir la inflamacié en ratolins deficients de RAG1, mentre que
models deficients pel receptor de IFN tipus I (IFN-«, IFN-5 i IFN-w) mostren
colitis experimental més greu [78]. En humans, 'is terapeutic d’aquests antago-
nistes s’ha avaluat. L’administracié de IFN-{-1a recombinat no mostra eficacia
en pacients refractaris a esteroides, per contra, 'administracié de patrons d’oli-

gonucleodtids bacterians CpG presenta resultats prometedors 79 80)].

Finalment, s’ha observat que les cel-lules epitelials mostren un augment de la

produccié de IL-33 en malalts amb CU, i que en models animals el bloqueig de
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la senyal IL-33/ST2 redueix la colitis [81, 82]. De la mateixa manera, també
esta augmentada l’expressié de IL-37b, que s’ha relacionat amb processos anti-
inflamatoris com la disminucié del reclutament de leucocits i la inhibicié de TNF-
a i IL-18 [83]. En models colitics animals, I'expressié de 1L-37 humana redueix

la gravetat de la colitis [84].

4.4.4. Immunitat adaptativa

La resposta immunitaria adaptativa esta dirigida per limfocits (cel-lules B i T)
que, un cop activats, generen anticossos i citocines moduladores de la resposta
immune, respectivament. A diferencia de la resposta immunitaria innata, aquesta

és una resposta antigen especifica i que genera memoria immunologica.

El paper de les cel-lules B en la patologia de la CU no esta gaire clar; tot i
que augmenten les cel-lules infiltrants en la mucosa de pacients amb CU activa,
la deplecié d’aquestes cel-lules no mostra efectes beneficiosos en la CU [85, [86].
A més de la deteccié d’anticossos pANCA, descrits anteriorment, la CU es ca-
racteritza per un augment de IgA i IgG, destacant-ne la produccié d’anticossos
IgG1 contra autoantigens de la mucosa colica [87, 88]. Es creu que aquest auto-
antigen podria ser la tropomiosina, que a part de localitzar-se a 'intesti, també
esta present en la pell, les articulacions, els ulls i I'epiteli biliar, llocs on solen

presentar-se manifestacions extra-intestinals associades a la CU [89].

La resposta de les cel-lules T efectores també s’ha vist alterat en la CU; aquesta es
caracteritza per una resposta Th2 atipica amb nivells elevats de IL-13 i IL-5, pero
no de IL-4 (citocina classica Th2), regulada per cel-lules T citotoxiques [90, [91].
La IL-13 actua sobre la barrera epitelial estimulant I’apoptosi i disminuint la ve-
locitat de regeneracié epitelial i la IL-5 esta implicada en la migracié i activacio
d’eosinofils [92H94]. El bloqueig de IL-13 ha demostrat una reduccié d’inflamaci6
en models animals amb asma i colitis [91], 95, 6], pero el seu us terapeutic en

pacients amb CU no ha mostrat eficacia [97].

El paper de les cel-lules Th17 també és rellevant en la patogenesi de la CU. S’ha
observat un augment de cel-lules IL17 en MII i també de la citocina IL-17 [9§].
Aquestes cel-lules i les seves citocines efectores estan implicades en la resposta

a infeccions, especialment a bacteris, i s’han relacionat amb diferents malalties
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autoimmunes [99]. En malalts amb CU la secrecié de IL-17 es veu augmentada
per la IL-23, a més, l'expressié transcripcional del receptor de la IL-23 (IL23R)
en les cel-lules T CD4 d’aquests pacients també esta augmentada [100]. Mentre
que el bloqueig de IL-17A (també coneguda com IL-17) en la MC no ha donat
bons resultats [101], el bloqueig simultani de IL-17A i IL-17F (un altre membre
de la familia de la IL-17) en models animals si que mostra una millora de la in-
flamaci6 intestinal [102]. Seguint aquesta linia, la inhibicié de la subunitat p40,
que bloqueja la senyal de IL-12 i IL-23, mostra millora en pacients amb MC i en
CU se n’esta avaluant leficacia (NCT02407236) [103], [104]. La IL-12 i la IL-23
promouen la resposta Thl i Th17, respectivament, pel que el benefici terapeutic
d’aquest anticos pot ser degut a la modulacié de la resposta Thl a més de la de
Th17.

Finalment, s’ha trobat un elevat nombre de cel-lules T productores de IL-9 en la
mucosa intestinal de pacients amb CU activa, posant en relleu una nova poblacid

en estudi que podria estar implicada en la patogenesi de la CU [105].

4.4.5. Citocines de la immunitat adaptativa

Les cel-lules T de la lamina propia presenten una resposta exacerbada a 1’esti-
mulacié del receptor de les cel-lules T (TCR, T cell receptor), pel que dependran
de factors co-estimuladors com IL-6 i TNF-a per prevenir I"apoptosi [66, [106].
Aquestes citocines poden estar generades per altres cel-lules o per les propies
cel-lules T mitjangant I'activacié de factors de transcripcié com NFATc2 i IRF4
[107, 108].

Relacionat amb les cel-lules Th17, s’ha determinat un augment de la produccié de
citocines com IL-17A, IL-17F, IL-22 i IL-26 en malalts amb MII [98]. IL-17 1 IL-21
s’han associat a funcions pro-inflamatories incloent la sobre-regulacié de TNF-q,
IL13, IL-6 i IL-8, el reclutament de neutrofils i la secrecié de metal-loproteinases
de la matriu pels fibroblasts intestinals [109, [[10]. La I1-22, per altra banda, es

relaciona amb la funcionalitat de la barrera epitelial [111], 112].

Citocines anti-inflamatories com IL-10 i Tumor Growth Factor (TGF) -3, que
poden ser generades per cel-lules T reguladores i altres cel-lules no limfoides

(macrofags, cel-lules dendritiques, fibroblasts i cel-lules epitelials), sén clau per
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I'homeostasi i la tolerancia intestinal [113] 114]. En pacients amb MII es creu
que la senyal de TGF-$ pot estar inhibida degut a la sobre-expressié de SMAD7
(Mothers Against Decantaplegic homolog T) per les cel-lules T efectores [I15]. La
inhibicié de SMAD7 ha mostrat bons resultats en models animals i els estudis que
s’estan cursant en pacients amb MC també assenyalen a resultats prometedors
[1T6l, 117).

5. Tractament

En el tractament de la CU I'objectiu primari és la induccié de la remissio clinica,
deixant en segon pla la remissié endoscopica, degut a la forta associacié de la simp-
tomatologia clinica (diarrea, augment del nombre de deposicions al dia, urgencia,
malestar, etc.) amb la qualitat de vida dels pacients [I18]. No obstant, aconse-
guir la remissio endoscopica o curacié mucosa sera molt important per millorar

la prognosi de la malaltia [11].

El tractament a administrar vindra determinat per 'extensié i gravetat de la
malaltia, el tractament en curs i els tractaments previs [118]. Altres factors a tenir
en compte inclouran la freqiiencia de brots, les manifestacions extra-intestinals,

I'edat al diagnostic i el temps d’evolucié de la malaltia [119].

5.1. Induccid de la remissié

La primera opci6 terapeutica en pacients amb malaltia lleu o moderada amb
extensié confinada al recte és la mesalazina (5-ASA) topica, mostrant una taxa
de remissié clinica superior al 50% a les 3 setmanes de tractament i millora en-
doscopica i histologica [120, 121]. En pacients amb major extensi6 es recomana

I'administracié de mesalazina topica i oral simultaniament [122].

Els pacients no responedors o intolerants a la mesalazina o amb major grave-
tat es tractaran amb corticosteroides locals o sistemics. Tot i que la resposta a
corticosteroides és molt bona (remissié clinica en més del 50% dels casos), aquests
presenten alguns inconvenients: no aconsegueixen mantenir la remissié (es perd
al cap d’'un any en la meitat dels casos), una proporcié important de pacients

presenten dependéncia, i comporten molts efectes adversos [123] [124].
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Per tal de minimitzar els efectes adversos associats als corticosteroides, s’ha desen-
volupat una nova forma galenica per alliberar el farmac localment i d’eliminacio
rapida per efecte de primer pas hepatic; essent una nova via d’administracié més
segura i eficag [125], [126].

Si no s’aconsegueix induir la remissié amb la mesalazina i/o els corticosteroides,
aleshores estara indicat el tractament amb immunosupressors, farmacs biologics

i, en darrer terme, la cirurgia.

Els immunosupressors més comuns sén les tiopurines (azatioprina i 6-mercaptopu-
rina (6-MP)), que mostren una resposta i remissié clinica superior al 50%, acom-
panyada de remissié endoscopica i eficacia en el manteniment de la remissio. A
més, presenten major eficacia que la mesalazina a 1’hora d’induir remissié lliure
de corticosteroides [127-129).

Els pacients refractaris a immunosupressors seran candidats al tractament amb
farmacs biologics, en monoterapia o terapia combinada amb immunosupressors.
La primera opci6 sera 'is d’anticossos contra TNF-« (Infliximab, Adalimumab
i Golimumab) que donen molt bons resultats a nivell d’induccié i manteniment
de la remissié clinica i endoscopica [I30HI32]. Una alternativa recent als anti-
TNF-« és el Vedolizumab, anticos dirigit contra la integrina o457 que regula el

reclutament de limfocits a U'intesti [133].

Cal destacar que en pacients amb brot moderat o greu, la terapia biologica o
amb immunosupressos d’inici d’accié rapida amb ciclosporina o tacrolimus sén

opcions terapeutiques que han mostrat eficacia.

Els pacients amb CU greu presenten major risc de sotmetre’s a una colectomia
i tenen una taxa de mortalitat del 1% aproximadament [16], [134]. Tots aquells
casos amb CU greu han d’hospitalitzar-se i tractar-se intensament. Els corticos-
teroides intravenosos son la primera opcié davant d’un brot greu, essent eficagos
en el 60% dels casos. Aquells casos refractaris als esteroides necessitaran un
tractament de rescat, estant indicada I'administracié d’infliximab, ciclosporina o

tacrolimus, abans de plantejar la cirurgia [I35HI37].



32 Introduccio. Colitis Ulcerosa

5.2. Manteniment de la remissio

Un cop induida la remissio, I'objectiu és evitar un nou brot. L’estrategia te-
rapeutica a seguir dependra de 'extensid i gravetat inicial de la malaltia, el trac-
tament administrat per induir la remissié i la manca de resposta a tractaments
previs. La majoria dels pacients solen mantenir-se en remissié amb mesalazina
[138], essent recomanat un augment de la dosi en aquells casos que presentin un
brot [139).

Els corticosteroides no estan contemplats com a terapia de manteniment pels efec-
tes secundaris que presenten. Per contra, el tractament amb immunosupressors o
biologics estara indicat en aquells pacients que amb 5-ASA presenten brots sovint
o en aquells pacients tractats amb ciclosporina o tacrolimus per un episodi agut
de la malaltia [140, [141].

Finalment, 1'opcié terapeutica en els pacients als que se’ls ha induit la remissio
utilitzant un farmac biologic (anti-TNF-« o anti-a4(7) consistira en seguir amb

el mateix farmac per al manteniment [119].

5.3. Cirurgia

Tot i que gran part dels pacients responen correctament a un tractament farma-
cologic, aproximadament un 15% dels pacients necessitara sotmetre’s a cirurgia
al llarg de la seva vida [142] 143]. La refractarietat als tractaments és la causa
més comuna que obliga a realitzar una colectomia, pero també pot donar-se per
colitis fulminants, megacolon toxic, perforacié intestinal o displasia, entre altres.
El procediment més comu és la colectomia total o sub-total amb ileostomia. En
aquells casos en que estigui indicat, es procedira posteriorment a una segona in-
tervenci6 per a realitzar una anastomosi ili-rectal amb reservori [144]. Poden
existir complicacions post-cirurgia a llarg termini incloent 1’'obstruccié de 'intesti
prim, estenosi de 'anastomosi, fistules, inflamacié del reservori i disfuncié sexual
[145] [146].

5.4. Noves opcions terapeutiques

La caracteritzacié a nivell cel-lular i molecular que s’ha fet de la malaltia en
els darrers anys ha permes identificar nous mecanismes implicats en la seva pa-
togenesi i, conseqiientment, noves dianes terapeutiques. Entre aquestes destaquen

molecules implicades en el transport de leucocits, inhibidors de IL-12 i IL-23,
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inhibidors de Janus Kinases (JAKs), moduladors del receptor de sphingosine-

1-phosphate (S1P), i moduladors de la composicié microbiana (transplantament

fecal) (Taula[l)) [118].

Tractament Mecanisme d’accié
Inhibidors de Janus Kinase

Tofacitinib Inhibidor JAK1, JAK3
Filgotinib Inhibidor JAK1
Peficitinib Inhibidor JAK3
Upadacitinib Inhibidor JAK1
Receptor antagonista de S1P 1-5

Ozanimod Modula S1P-1
Etrasimod Modula S1P-1
Reclutament de leucocits

Etrolizumab Bloqueja integrina 87
PF-547659 Bloqueja MadCAM-1

Transplantament fecal
Producte de multiples donants Interaccié microbioma-sistema immunitari

Taula 1: Noves opcions terapeutiques. Tractaments en desenvolupament per a la CU
en estudis clinics en fase IIT [I18].

5.5. Cancer colorectal

Els pacients amb afectacié del colon (CU o MC amb afectacié > 30% de la su-
perficie colonica) presenten un augment del risc de desenvolupar cancer colorectal
que s’associa a la inflamacié cronica del tracte intestinal. Aquesta és una de les
complicacions principals en la MII, representant entre el 10 i 15% de les morts
[147, 148]. Per tant, el control d’aquests pacients per a la deteccié de displasia
és fonamental, sobretot en aquells amb més de 8 anys d’evolucié de la malaltia.

Les vies carcinogeniques que s’atribueixen al CCR, com la inestabilitat cro-
mosomica i de microsatel-lits i la hipermetilacié, també es donen en els pacients
amb CU. No obstant, a diferencia dels individus lliures de MII, la mucosa intes-
tinal de pacients amb MII mostra alterades aquestes vies previament a qualsevol
evidencia histologica de displasia o cancer. Tot i que es desconeixen els motius,
Iestres oxidatiu i factors pro-inflamatoris de la immunitat innata i adaptativa

hi podrien estar implicats [149]. Biomarcadors genetics que permetin identificar
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aquells pacients que progressaran cap a un estat maligne, com la longitud dels

telomers, podrien ser claus per la seva vigilancia [150].
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Capitol II.

Monitoratge de la Colitis Ulcerosa

El monitoratge de les malalties croniques, a part de reportar I’evolucié d’aques-

tes, busca identificar alteracions que permetin anticipar-se a futurs brots.

Actualment, I'avaluacié clinica, endoscopica i ’analisi de diversos biomarcadors
serologics com la proteina C-reactiva (PCR) o la velocitat de sedimentacié glo-
bular (VSG), i biomarcadors fecals com la calprotectina, sén els procediments
més habituals en el seguiment de pacients amb CU. D’aquests, I'estandard de
referencia per a determinar l'activitat de la malaltia és la colonoscopia acompa-

nyada de 'avaluacié histologica del teixit [I51].

1. Indexs d’activitat

L’activitat de la CU es pot definir mitjancant diferents indexs associats al tipus
d’examen medic realitzat. Al llarg dels anys s’han desenvolupat diversos indexs
d’activitat clinica, endoscopica i histologica, alguns dels quals sén emprats en la

practica clinica pero sobretot imprescindibles per la realitzacié d’estudis clinics.

1.1. Indexs d’activitat clinica

El primer index d’activitat clinica associat a la CU es va definir I’any 1955 du-
rant la realitzacié del primer estudi clinic pel tractament de la CU. Aquest va
ser descrit per Truelove i Witts, pel que se’l coneix com index de Truelove-
Witts[152, [153]. L’index categoritza els pacients en lleus, moderats o greus a
partir de la valoracié de 6 parametres: nombre de deposicions al dia, presencia
de sang en femta, temperatura, pols, concentracié d’hemoglobina, i VSG. L’is
d’aquest va permetre mostrar ’eficacia de la cortisona en el tractament de la CU.
Al cap de vint-i-tres anys, i continuant amb 'estudi de 'efecte dels corticoste-
roides, es va descriure I'index de Powell-Tuck (1978), el primer index quantitatiu
basat en la valoraci6 de 10 parametres clinics i un endoscopic: estat general,
dolor abdominal, nombre de deposicions diaries, consistencia de les deposicions,
presencia de sang en femta, anorexia, nausees o vomits, presencia de massa ab-
dominal, complicacions extraintestinals, temperatura i sagnat determinat en la

sigmoidoscopia [154].
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Al cap d’uns anys es defineix 'index de Mayo (1987), un index que també combi-
na parametres clinics i endoscopics pero molt més simplificat que els descrits amb
anterioritat. A nivell clinic avalua la freqiiencia de deposicions, la presencia de
sang en femta, i la valoracié del metge, i a nivell endoscopic I'activitat observada
en la sigmoidoscopia (Taula [2)) [9]. Tot i que no es un index validat formalment,
és un dels més utilitzats en la practica per la seva simplicitat, reproductibilitat i
correlacié amb la qualitat de vida dels pacients [155] [156].

Paral-lelament es defineix un altre index anomenat DAI (Disease Activity Index)
o UCDAI (UC Disease Activity Index), que també inclou, a més dels parametres
clinics, el resultat de la valoracié endoscopica. Aquest és practicament identic
a I'index de Mayo ja que només difereix en l'avaluacié endoscopica, que es basa
exclusivament en la valoracié del sagnat [I57]. Posteriorment es descriuen altres
indexs, tots ells basats inicament en parametres clinics, sense tenir en compte
I’endoscopia.

El 1988 es descriu el CAI (Clinical Activity Index), compost per 7 parametres:
nombre de deposicions, presencia de sang en femta, valoracié global del clinic,
dolor abdominal o rampes, temperatura associada a la colitis, manifestacions ex-
traintestinals i alteracions serologiques (VSG i hemoglobina) [158] [159].

El 1990 es defineix I'index de Lichtiger o index de Truelove-Witts modificat, que
converteix 'index descrit 'any 1955 en un index quantitatiu [160].
Posteriorment, ’any 1992 es defineix I'index conegut com Seo o index d’activitat
(AL, Activity Index) [161]. Aquest es defineix en base a les categories de 'index
de Truelove-Witts, generant un index que incorpora 5 parametres: presencia de
sang en les deposicions, nombre de deposicions, VSG, concentracié d’hemoglobi-
na i albumina.

Per tltim, el 1998, es descriu el SCCAI (Simple Clinical Colitis Activity Indez)
o index de Walmsley [162].

Tots aquests indexs s’han utilitzat en diversos estudis, pero no s’ha determinat un
index optim per a ’avaluacié clinica de la malaltia. En general, les divergencies
entre ells sén baixes, i tots incorporen ’avaluacié del nombre de deposicions i la
presencia de sang en femta. La major diferencia rau en els indexs exclusivament
clinics i els indexs compostos (avaluacié clinica + endoscopica). No obstant, el
pes de I'avaluacié endoscopica en els index compostos (index de Mayo, index de

Powell-Tuck i DAI) és petit, fent que la contribucié d’aquest parametre no sigui
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molt significativa [163], [164].

Index de Mayo

Freqiiéncia de deposicions

0 = nombre normal de deposicions (normal per al pacient)

1 = 1-2 deposicions més que ’habitual

2 = 3-4 deposicions més que ’habitual

3 = 5 o0 més deposicions de ’habitual

Preséncia de sang en femta

0 = absencia de sang

1 = algunes traces de sang (en menys de la meitat de les deposicions)
2 = sang evident en la majoria de les deposicions

3 = només sang

Sigmoidoscopia

0 = normal o malaltia inactiva

1 = activitat lleu (eritema, disminucié patré vascular, friabilitat lleu)
2 = activitat moderada (eritema, absencia patré vascular, friabilitat, erosions)
3 = activitat greu (hemorragia espontania, ulceres)

Avaluacio global del metge

0 = normal

1 = lleu
2 = moderada
3 = greu

Total; suma de tots els parametres. De 0 a 12

Taula 2: Index de Mayo. Sistema de puntuacié per a la valoracié de 'activitat de la

CU [.

1.1.1. Patient-reported outcomes

Ultimament s’ha comengat ha investigar 'as dels patient-reported outcomes (PROs)
per al monitoratge de la MII [165].

Un PRO és una mesura de qualsevol parametre referent a 'estat de salut del
pacient que descriu el pacient directament, de forma subjectiva. Un PRO pot ser
una caracteristica purament simptomatica (p.e. dolor abdominal), conceptes més
complexos com la capacitat per dur a terme activitats quotidianes, o molt més
complexos com la qualitat de vida, que vindria a ser un concepte multifactorial

que inclouria 'estat fisic, psicologic i social de l'individu [166].
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Aixi, en els estudis clinics, els PROs poden utilitzar-se per mesurar I'impacte
d’una intervencié terapeutica. En el cas de la CU, una de les propostes per a la
valoracié de l'activitat clinica basada en PROs consisteix en 1'is de la freqiiencia
de deposicions i la presencia de sang en femta [167]. Ambdds PROs estan inclosos
en tots els indexs clinics (Truelove-Witts, Powell-Tuck, Mayo, DAI, CAI, etc.) i
es correlacionen amb la categoria de simptomes intestinals del IBDQ (Inflamma-
tory Bowel Disease Questionare) [168, [169]. A més, I'absencia de sang en femta
s’associa amb la remissié endoscopica [170].

Darrerament, alguns estudis clinics ja han incorporat 1'is de PROs en ’avaluacio
de la CU evidenciant-ne la seva utilitat [169, [171].

1.2. Indexs d’activitat endoscopica

En el mateix estudi en el que es va definir I'index Truelove-Witts (1955), es van
realitzar sigmoidoscopies i en funcié de 'aparenca de la mucosa intestinal es clas-
sificaven com: normal o gairebé normal, millora, no canvi o empitjorament [I53].
Aquesta valoraci6 era totalment subjectiva ja que no s’havia formalitzat una de-
finicié corresponent a cada categoria. Posteriorment es va avaluar la concordanca
entre observadors per determinar alteracions en la mucosa intestinal. Es va veure
que la concordanca era molt bona quan es determinaven parametres binaris com
la presencia o absencia d’tlceres, el sagnat, o la friabilitat, mentre que quan es
valoraven variables amb més de dues categories la variabilitat entre observadors
augmentava considerablement. Aixi, es va comencar a formalitzar la definicié de
l'activitat endoscopica com: normal (patré vascular visible), inactiu (abséncia de
sagnat, granular), activitat moderada (friable), actiu (sagnat espontani); classi-
ficaci6 coneguda com index de Baron [I72]. Més endavant, aquest index es va
modificar per incorporar una nova categoria, I’activitat greu (presencia d’tlceres),
donant-se a coneixer com index de Baron modificat [I73].

El 1988, en el mateix estudi clinic en el que es descriu el CAI (Clinical Acti-
vity Index), es descriu el primer index quantitatiu per a valorar exclusivament
I’activitat endoscopica, conegut com index de Rachmilewitz. Aquest consisteix
en un index que avalua 4 parametres: granularitat, patré vascular, sagnat i lesi-
ons ulceratives (erosions, ulceres) [158]. Posteriorment, i en la mateixa linia que
I'index de Rachmilewitz, es descriu I'index Sigmoidoscopic (1993), que avalua 5

parametres: eritema, friabilitat, granularitat/tlceres i perdua de patré vascular
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[I74]. Al cap d’uns anys Hanauer et al. defineixen un nou index qualitatiu de 4
categories (molt similar a I’avaluacié endoscopica de I'index de Mayo), on 0 indica
mucosa normal, 1 edema i/o perdua de patré vascular, 2 friabilitat i petequies, 3

sagnat espontani i ulceres [175].

En els tdltims anys i lligat a la importancia que esta prenent la curacié muco-
sa en la practica clinica, s’ha posat en relleu la necessitat d'un index endoscopic
que defineixi l'activitat de forma fiable i reproduible [11]. Amb aquest objectiu, i
buscant reduir la variabilitat inter- i intra-observadors, el 2011 es va desenvolupar
el UCEIS (Ulcerative colitits endoscopic index of severity) [L76]. Un index quan-
titatiu molt similar a I'index endoscopic de Rachmilewitz, que inclou la valoracié
del patré vascular, el sagnat, les erosions i les ulceres. Aquest index s’ha validat
en una cohort independent mostrant bona reproductibilitat i presenta molt bona
correlacié amb els PROs [177, [178].

Tots aquests indexs solen basar-se en 'avaluacié de la part distal del colon, que es
pot explorar per sigmoidoscopia; no obstant, existeix una major correlacié amb
index clinics i major associacié amb futurs brots quan s’avalua tota 'extensié del
colon [179]. Conseqiientment, 1'iltim index que s’ha definit, anomenat index en-
doscopic de Mayo modificat (MMES, Modified Mayo Endoscopic Score)(Taula|3)),
té en compte tan el grau d’inflamacio de la mucosa com l’extensié de la malaltia
[180]. Tot i que encara s’ha de validar i inspeccionar la concordanga inter- i intra-
observadors, 1'index mostra bona correlacié amb l'activitat clinica, histologica i
biologica de la CU.

1.3. Indexs d’activitat histologica

L’examen histologic en la CU és un procediment fonamental per al seu diagnostic
i per a determinar I’activitat i la resposta terapeutica [I8THI83]. Aquest sol fer-se
a partir de biopsies del rectesigma, ja que acostuma a presentar activitat en els
diferents brots de la malaltia i, a més, és de facil accés. S’han descrit diversos
index d’activitat histologica que, en general, es basen en I'avaluacié d'una seccio

histologica d'una biopsia tenyida amb hematoxilina-eosina.
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1=index de Mayo endoscopic > 0
Index endoscopic de Mayo (0-3) MS

Index endoscopic de Mayo modificat = (MS x EM)/ NSI

Taula 3: Index endoscopic de Mayo modificat (MMES). Sistema de puntuacié per a
la valoracié de l'activitat endoscopica de la CU. EM; extensié maxima = suma dels
segments corresponents a ’extensié maxima avaluada. NSI; nombre de segments infla-
mats = suma del nombre de segments inflamats. MS; index modificat (Modified Score)
= suma de I'index endoscopic de Mayo per cada segment. [180]

Les alteracions histologiques associades a la CU inclouen un augment de Uinfiltrat
leucocitari (cel-lules mononuclears i polimorfonuclears en lamina propia i cripti-
tis), alteracions estructurals de les criptes (disminucié del nombre de cel-lules
calciformes, variabilitat en el diametre i la distancia entre criptes, i fusié de crip-

tes) 1 disrupcié de la mucosa epitelial (ulceres) (Figura [2) [12].

El primer index histologic es va descriure I'any 1956 i es va anomenar index
de Truelove and Richards, classificant la mostra histologica com a: no inflamada,
inflamacié lleu-moderada o inflamacié aguda [182]. El 1961 es va definir el Matts
Score (Taula {]), 1 el 1966 el Watts Score, que fan una valoracié histologica en
una escala de 5 i 4 punts, respectivament [184] [I85]. De forma successiva, s’han
arribat a descriure fins a 18 indexs diferents, amb petites variacions entre uns i
altres, pero sense assolir un index consens per a l'activitat histologica de la CU
[186]. No obstant, en els estudis de la CU actuals es fan servir indexs descrits
recentment i validats, com: I'index histologic de Robarts [I87] o I'index histologic
de Nancy [18§].



Introduccio. Monitoratge de la Colitis Ulcerosa 41

En general, existeix una bona correlacié entre la valoracié endoscopica i his-
tologica, sobretot quan hi ha presencia d’inflamacié [189) 190]. No obstant, al-
teracions microscopiques persisteixen en mostres macroscopicament inactives, i
s’ha demostrat que pacients clinicament i endoscopicament inactius que presen-
ten evidencies histologiques d’inflamacié tenen un risc més elevat de tenir un brot
durant el segiient any[182) [T90HI93]. Tot i aixi, ’avaluacié histologica no s’utilit-
za com a objectiu terapeutic degut a la manca d’estandards, els costos associats

a la tecnica i el desconeixement dels beneficis a nivell practic [111, [194].

Matts Score
= normal
= lleu infiltrat a la mucosa o lamina propia de cel-lules inflamatories
= infiltrat considerable a la mucosa, lamina propia i submucosa
= presencia d’abscessos en les criptes i infiltrat inflamatori
a totes les capes de la mucosa
5 = Tlceres, erosions o necrosi de la mucosa amb infiltrat inflamatori
en les capes de la mucosa

=W N =

Taula 4: Matts Score. Sistema de puntuacio per a la valoracié de I’activitat histologica
de la CU [184].

2. Biomarcadors per al diagnostic i monitoratge de la CU

Un biomarcador és una molecula indicadora de I'estat d’un procés biologic. Aquests
son objectius i sensibles als canvis, pel que permeten diferenciar entre processos
biologics normals i patologics. Es considera un bon biomarcador aquell que sigui
precis, reproduible, estandarditzat, facil d’interpretar i amb alta sensibilitat i es-

pecificitat diagnostica [195].

En la CU, la colonoscopia és I'estandard de referencia per avaluar I'activitat de la
malaltia, essent un procediment costés, invasiu, incomode pel pacient i que pot
comportar complicacions. L’avaluacié clinica, realitzada de forma més continua
per al seguiment de la malaltia, déona una valoracié aproximada de l'estat del
pacient. No obstant, la simptomatologia clinica no sempre s’associa a ’activitat
endoscopica; pacients sense inflamacié de la mucosa poden presentar simptoma-
tologia clinica i viceversa [196] 197]. En conseqiiencia, I'is de biomarcadors en el

diagnostic i monitoratge de la CU és fonamental.
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2.1. Biomarcadors serologics i sanguinis

Durant un brot agut de CU es poden detectar en sang i serum diversos marcadors

associats a la resposta inflamatoria. Els més caracteristics sén [198]:

e Augment de la produccié de proteines involucrades en la coagulacié i la

fibrinolisi, com: fibrinogen, plasminogen, factor VIII i protrombina.

e Deteccido de components del sistema del complement: inhibidor C1, Cls,
C2, C4, C5 i (9.

e Inhibidors de proteinases: al-antitripsina, al-antichymotrypsin.
e Transportadors de proteines: haptoglobina i ceruloplasmina.

e Altres proteines de fase aguda: PCR, serum amiloide A (SAA), ferritina,

fibronectina i orosomucoide.

e Augment de citocines: TNF-a, IFN-3, TGF-5, IL-13, IL-6, 1L-8, IL-12,
IL-17 i IL-23.

A més, els components cel-lulars de la sang també s’alteren amb 'activitat de
la malaltia, mostrant un augment de leucocits i del recompte de plaquetes, aixi
com un augment de la velocitat de sedimentacié globular (VSG). No obstant,
pocs marcadors han sigut validats i només alguns s’utilitzen en la practica clinica
habitual. La PCR, I’albimina i la VSG sén els més usats [I51].

La deteccié de determinats anticossos també pot ajudar en el diagnostic d’u-
na malaltia. En la CU, la presencia de p-ANCA sol detectar-se en un 20-80%
dels casos i, tot i que la sensibilitat no és molt alta, si que presenta bona especifici-
tat, podent contribuir en el diagnostic de la malaltia, sobretot en la diferenciaci
entre CU i MC[199]. La resta d’anticossos estudiats fins ara es detecten en menys
del 20% dels pacients, tractant-se de: ASCA (anticossos contra Saccharomyces
cerevisiae, associat a la MC), Anti-OmpC (anticossos contra canals proteics de la
membrana externa bacteriana), Anti-Cbirl (anticosso contra flagelina), Anti-12
(pseudomonas fluorescence-associated sequence I-2), ALCA (antilaminaribioside
carbohydeate IgG), ACCA (antichitobioside carbohydrate IgA), ASMA (antisynt-

hetic mannoside antibodies), anticossos pancreatics i anticossos contra p53 [200].
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2.2. Biomarcadors fecals

Els biomarcadors serologics o sanguinis, a excepcio dels anticossos, sén carac-
teristics de qualsevol procés inflamatori, estigui o no vinculat amb la MII. Per
contra, els biomarcadors fecals poden presentar una major especificitat per a pro-

cessos patologics intestinals.

Trobem biomarcadors que ens indiquen la destruccié de la barrera epitelial, com
al-antitrypsin i la sang oculta en femta. No obstant, aquests no sén tan especifics
de la MII com els productes associats a la desgranulacié leucocitaria, com: liso-
zima, mieloperoxidasa, proteina eosinofilica cationica, proteina eosinofilica X,
lactoferrina, metaloproteinasas de la matriu (MMP)-9, neopterina, la elastasa
polimorfonuclear (PMN-FElastase) i la caplrotectina. Tots ells es troben elevats
durant la fase activa de la malaltia en comparaciéo amb individus sans i pacients
inactius [201] 202].

A més, les proteines associades a la resposta inflamatoria no infecciosa, conegudes
com DAMPs (damage-associated molecular pattern), sén molecules estables en
femta i que augmenten en la MII activa. Les més conegudes i emprades en I’ambit
hospitalari sén SI00A8/S100A9, complex conegut com calprotectina, i SI00A12
[201].

Els nivells de piruvat quinasa M2 (M2-PK), enzim implicat en el procés me-
tabolic de la glucosa, i de chitinase 3-like-1 (CHI3L1), una glicoproteina soluble,

també estan elevats en les deposicions de pacients amb MIT [203].

Actualment, la calprotectina es considerada un bon biomarcador de I'activitat de
la malaltia, i esta esdevenint una prova assistencial més [204-206]. No obstant,
els biomarcadors fecals tenen alguns inconvenients associats com ’acceptabilitat
del pacient per a la recollida de la mostra i, tot i presentar major especificitat
per alteracions intestinals, aquesta especificitat no és exclusiva de la MII [207].
La calprotectina fecal no augmenta unicament en pacients amb MII, siné que
pot estar augmentada en diferents patologies com CCR, gastroenteritis viriques
o bacterianes, diverticulitis, intolerancies alimentaries, enteropaties per AINES,
i enteritis radica [208]. A més, s’ha determinat certa variabilitat entre mostres
d’un mateix individu recollides en diferents moments del dia, i major sensibilitat

i especificitat en poblacié adulta que en infants [209-211].
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2.3. Biomarcadors en orina

A dia d’avui no hi ha cap biomarcador en orina validat i que s’estigui utilitzant en
la practica clinica per a la MII. No obstant, si que se n’han investigat alguns com:
leukotriene E4 (LTEA4), prostaglandin E-Major Urinary Metabolite (PGE-MUM),
neutrophil gelatinase-associated lipocalin (NGAL), i neopterina [212H215]. A ex-
cepcié de NGAL, que no mostra associacié amb la CU, la resta de biomarcadors

si que es relacionen amb l'activitat de la malaltia.

2.4. Futurs biomarcadors

Els avancos tecnologics dels ultims anys han revolucionat la cerca de nous bio-
marcadors mitjancant l'estudi de diferents omiques: transcriptomica, proteomica

1 metabolomica.

L’analisi de 'expressié genica en sang ja s’ha utilitzat i validat per a l'estra-
tificacié de pacients en alt i baix risc per al desenvolupament de CCR i per predir
el risc individual de desenvolupar CCR [2106, 217]. En el cas de la MII, lestudi
transcripcional en sang periferica mostra indicis del seu potencial. Tot i que sén
resultat preliminars que necessiten ser validats, s’han descrit perfils transcripci-
onals associats a l'activitat clinica de la MC i la CU i alguns panells de gens
capagos de diferenciar entre pacients amb CU i MC [218-220)].

Per altra banda, s’ha avaluat el poder predictiu del transcriptoma de sang pe-
riferica per determinar la resposta a infliximab en pacients amb MC, i en el cas
de la CU, s’han descrit els canvis transcripcionals associats a la resposta a cor-
ticosteroides en infants [221] 222]. Alguns dels gens que s’associen a la resposta
a corticosteroides en CU sén HP, CD177, OLFM/ i MMPS, tots ells relacionats
amb la poblacié de neutrofils circulants.

Tot i que sén resultats molt preliminars, obren una nova area d’investigacié per
a determinar nous biomarcadors no invasius per al diagnostic i monitoratge de la

MIT.

En teixit, l'analisi transcripcional de biopsies ha resultat ser una mesura sen-
sible i acurada de la inflamacié intestinal. Tot i que s’han descrit variacions
transcripcionals entre les diferents regions del tracte intestinals, s’han pogut de-

terminar marcadors inflamatoris independentment de la localitzacio de la biopsia
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[223, 224]. En concret, el 2014 es valida I'expressié de diferents biomarcadors
d’inflamacié en diferents regions del colon tot correlacionant-los amb I'index en-
doscopic de Mayo [225]. S’identifiquen IL1b, IL6, IL8, TNF«, IP10, CXCL13,
MMP3 i S100A8 com a bons biomarcadors d’activitat en els diferents segments
del colon (colon dret, transvers, esquerre i recte). També s’han descrit biomar-
cadors implicats en el diagnostic de la CU, com CALMS3 i ARHGDIA, que estan
augmentats en els pacients amb CU, tant en zones de mucosa inflamades com

sana, respecte controls sans [226].

A nivell metabolomic s’ha vist que els nivells de L-arginina (L-Arg) estan aug-
mentats en pacients amb CU, tant en serum com en teixit, mostrant una bona
correlacié amb el grau d’activitat [227, 228]. T a nivell protedmic s’han detectat 4
proteines en serum que podrien tenir-se en compte com a possibles biomarcadors
per al diagnostic de la MII, tractant-se de PF4, MRP8, FIBA i Hp-a2 [229).
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Capitol I1I.

Estudi transcripcional de la Colitis Ulcerosa

La transcriptomica, paraula composta que deriva del sufix grec “ome” (totalitat
d’alguna cosa), estudia el conjunt de transcrits que existeixen en una cel-lula,
teixit o organ en un moment i condicions determinades.

Aquesta neix gracies als avencos tecnologics a finals del segle XX, juntament amb
moltes altres omiques: genomica, epigenomica, transcriptomica, proteomica, me-
tabolomica, glicomica i lipidomica [230]. L’'as d’aquestes técniques per als estudis
clinics és cada cop més extens i algunes ja s’han traslladat satisfactoriament a la
practica clinica. Un exemple n’és un test pronostic per al cancer de mama que
analitza ’acid ribonucleic missatger (ARNm) d’un panell de 21 gens (Oncoty-

peDx) i que actualment ja esta recomanat en la guia de practica clinica [231].

En el cas de la MII, les omiques han pres un paper molt important en la re-
cerca basica pero encara no han fet el salt a la clinica. No obstant, aquestes
poden ser primordials per a determinar noves dianes terapeutiques i biomarca-
dors d’activitat, i una eina clau en la identificacié de nous biomarcadors capagcos
de predir respostes terapeutiques, detectar pacients amb major predisposicio a
patir un nou brot o identificar aquells que després d’una intervencié quirturgica

sén més susceptibles a recidivar [198].

1. El transcriptoma

En l'individu huma trobem més de 20.000 gens [232, 233]. Un gen pot definir-
se com una regié del genoma que conté informacié per a generar una seqiiencia
d’ARN (o transcrit) que codificara una proteina. Aquesta regié del genoma, a
part de la seqiiencia que es transcriura en una molecula d’ARN, també conté
seqiiencies reguladores (promotors i potenciadors) (Figura , que controlaran

quan, on, i en quina quantitat es transcriu un determinat gen.
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Descondensacié de la molécula d’ADN

Gen
Ce— | N . | B
Regié reguladora Regi6é promotora /\_/\/_\
(lloc d’'unié de proteines (uni6 de ARN polimerasa Transcript
activadores i silenciadores) i factors de transcripcid)

Figura 5: Representacié de I’estructura tipica d’un gen eucariota. Aquesta inclou una
regié promotora i reguladora, i una unitat transcripcional. Adaptat de [234].

El pas de la seqiiéncia d’acid desoxiribonucleic (ADN) d’un gen a una molécula
d’ARN es coneix com a transcripcid; un procés complex i que esta regulat per
diferents factors. Alguns dels principals factors implicats en la transcripcié sén
les modificacions de les histones, que controlaran la compactacié de la cromatina
permetent o no la transcripcié d’un gen; els factors de transcripcid, que s’acoblen
a la seqiiencia promotora del gen per poder iniciar la transcripcio; i les proteines

activadores i repressores, implicades en el control de la velocitat de transcripcio.

L’estudi de I'expressié dels diferents transcrits va iniciar-se amb el desenvolupa-
ment de la reaccié en cadena de la polimerasa (PCR, Polimerase Chain Reaction)
i el descobriment de la transcriptasa inversa, permetent sintetitzar ADN a partir
d’una seqiiencia d’ARN i amplificar-lo [235], 236]. Posteriorment, es va desenvo-
lupar la PCR a temps real, teécnica que continua sent molt utilitzada a dia d’avui

per a la quantificacié de I'expressié genica de determinats gens d’interes [237].
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Entrant a l'era de les omiques, a finals dels anys 90 van arribar al mercat els
microarrays, tecnologia que permet analitzar el transcriptoma cel-lular, tissular
o d’'un organ (més de 47.000 transcrits per mostra) mitjangant analisis d’expres-
sié diferencial [238]. En els darrers anys, la seqiienciacié d’ARN (RNA-Seq o
next-generation sequencing (NGS)) ha revolucionat el mén de la transcriptomica.
Aquesta és una tecnica més precisa i versatil que, a part de determinar alteracions
en l'expressié genica, permet detectar transcrits resultants de I'empalament al-
ternatiu, modificacions post-transcripcionals, fusions genetiques i polimorfismes.
A més, a part d'informacié relacionada amb ’ARNm també pot determinar I’-
expressié de ARN de mida petita (miARN), ARN ribosomal (ARNr) i ARN de
transferencia (ARNt), entre altres [239]. Tot i els avantatges d’aquesta tecnologia
respecte les anteriors, aquesta esta limitada per 'elevat cost computacional i de

processament, i el cost economic.

2. Control transcripcional de la resposta inflamatoria

La inflamaci6 és una resposta multifactorial lligada a 1’estres tissular, el dany i
la infeccié. Un dels punts claus en el control d’aquesta resposta es troba a nivell
transcripcional [240]. La resposta inflamatoria requereix l'activacié d'un complex
programa transcripcional que és especific tan del tipus cel-lular com de I'estimul,
i que inclou la regulacié de centenars de gens [241]. La regulacié d’aquests gens
es dona, principalment, mitjancant I'activacié de diferents factors de transcrip-
ci6 com: NF-kB (nuclear factor of the k light chain enhancer of B cells), IRFs
(interferon regulatory factors), STAT (signal transducers and activators of trans-
cription), i AP-1 (activator protein 1) [242-245].

Si entrem en detall en la resposta transcripcional d’un tipus cel-lular concret,
per exemple els macrofags, quan se’ls presenta un estimul bacteria com és un li-
popolisacarid (LPS; molecula caracteristica de la membrana externa dels bacteris
gramnegatius), veurem com aquesta resposta passa per diferents fases i s’associa

a varis factors de transcripcié (Figura[6) [240].

La resposta inflamatoria sol iniciar-se a través de diferents vies de senyalitzacio
que activaran factors de transcripcié latents comuns en diferents tipus cel-lulars,
com NF-kB i IRF. Aquests factors de transcripcié promouran ’expressio de ci-

tocines inflamatories com TNF-a, 1L-6 i IL-14, i de factors de transcripcié com
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CCAAT/enhancer-binding protein-6 (C/EBP-0) i Activating transcription factor
(ATF3), que s’encarregaran de regular la transcripcié d’altres gens inflamatoris.
Simultaniament, i vinculat al procés inflamatori, tindra lloc la diferenciacié dels
macrofags cap a un determinat fenotip mitjangant I'activacié d’altres factors de
transcripcié especifics, com PU.1, RUNX1, IRF8 i C/EBP-4.
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NFE .@ 3 3
Factors de transcripcié f @ B AL i
o\ eI = T e o =
A | D S
i | Nucli
; G0l
- Gens ’ 1 - Factors de ens Factors de g Gehe
z responedors = transcripcié _ -~ LOPPOREERE transcripci6 i especifics de
VAVA lormaris /N, W/ NI/ secundaris | WM | macrofags

i
0.5-2 hores 2-8 hores ! Remodelacié de la cromatina

Figura 6: Esquema de la resposta induida per lipopolisacarids (LPS) en macrofags. La
deteccié del LPS activara la senyalitzacié via el receptor tipus Toll (TLR) induint 'acti-
vacié i translocacié nuclear de factors de transcripcié com NK-xB i IRF. Aquests factors
de transcripcié controlen 'expressié de gens responedors primaris i d’altres factors de
transcripcié. ATF3 i C/EBP-delta s6n alguns dels factors de transcripcié activats en
la resposta primaria i que s’encarregaran de controlar 1’expressié de gens responedors
secundaris. Indirectament, els senyals pro-inflamatoris promouen la diferenciacié dels
macrofags activant I'expressié de factors de transcripcié com PU.1, C/EBP-3, RUNX1
i IRF8 que en determinaran el fenotip. Adaptat de [240].

D’aquesta manera, a partir de ’analisi transcripcional d’una cel-lula, teixit o
organ, podem caracteritzar 1’estat d’aquella mostra i determinar-ne els processos

i mecanismes alterats respecte un estat de referencia.

3. Caracteritzacié transcripcional de la mucosa intestinal
inflamada
En el context d'un teixit inflamat, alteracions transcripcionals tenen lloc tan en

les cel-lules parenquimatiques com en les cel-lules infiltrants del sistema immuni-
tari [241].

Al voltant de I'any 2000 es comencen a fer els primers estudis del transcrip-

toma de la mucosa intestinal de pacients amb CU. L’analisi comparatiu entre
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mostres inflamades i mostres no inflamades o controls sans posa en relleu un ele-
vat nombre de gens diferencialment expressats en la mucosa intestinal d’aquests
pacients. Els gens identificats s’associen amb 'activitat de la malaltia i estan im-
plicats en diferents funcions immunoreguladores, estructurals i de metabolisme,
i creixement cel-lular; esdevenint una mesura sensible i acurada de la inflamacio
intestinal [246-250)].

3.1. Alteracions estructural i de permeabilitat de la mucosa intestinal

La mucosa intestinal esta formada per una capa de cel-lules epitelials que es re-
nova de forma constant cada 4-5 dies format criptes al llarg de tota la superficie
colica. La majoria de les cel-lules que formen la capa epitelial sén enterocits,
pero també es troben cel-lules calciformes i neuroendocrines (Figura . Subja-
cent a aquesta capa trobem la lamina propia, que consisteix en un teixit connectiu
lax molt compressible i elastic. Aquesta capa és rica en xarxes vasculars, vasos
limfatics, terminacions nervioses i diferents tipus de fibres com el col-lagen. A
més, també s’hi localitzen diferents cel-lules immunitaries. Per sobre de la capa
epitelial trobem una capa de moc que és produida per les cel-lules calciformes i

composta principalment per mucines (Figura [7) [251].

Els pacients amb CU activa presenten alteracions transcripcionals de diversos
components relacionats amb la matriu extracel-lular, com una sobre-expressié de
col-lagens i metal-loproteinases, alteracions en les unions inter-cel-lulars i un canvi
en la composicié del moc [252]. Al mateix temps, ’analisi transcripcional mostra
una disminucié de marcadors epitelials (p.e. EPCAM), indicant la disrupci6 de

epiteli que pot tenir lloc durant el procés inflamatori (Taula [5)).

3.2. Funcions immunoreguladores: reclutament cel-lular, activacio i

mediadors inflamatoris

El sistema immunitari és el responsable de protegir I'organisme d’agents externs
mitjancant el reconeixement i I’eliminacié de patogens. Aquest procés esta regu-
lat tan per la resposta immunologica innata com ’adaptativa.

La resposta immunologica innata presenta dues funcions principals: la deteccio
dels agents patogens i la consegiient activaciéo de mecanismes per a la seva elimi-

nacio.
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Figura 7: Estructura de la mucosa intestinal. Seccié histologica d’una biopsia del colon
tenyida amb hematoxilina-eosina. En la secci6é es mostra la capa mucosa i la muscu-
lar de la mucosa. A sota hi ha una representacié de totes les capes i components de
la mucosa intestinal, de la llum intestinal fins a la capa muscular de la mucosa. Co-
mencant per la llum intestinal trobem una capa de moc externa i una d’interna, amb
presencia de bacteris comensals i immunoglobulines A (SIgA, secretory immunoglobu-
lin A), 1 també cel-lules epitelials apoptotiques, conseqiiencia de la constant renovacié
epitelial. Per sota del moc hi trobem les cel-lules epitelials (enterocits, cel-lules calcifor-
mes, neuroendocrines i cel-lules mare) que es distribueixen de forma continua formant
criptes. Contigu a la barrera epitelial hi ha la lamina propia, on s’hi localitzen cel-lules
leucocitaries encarregades de controlar la resposta immunologica. AMP, peptids an-
timicrobians; CD, cel-lula dendritica; T, cel-lula T; B IgA+; cel-lula B que expressa
immunoglobulina A. Adaptada de [251].
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Gen Nom del gen Funcio
COL1A1  collagen type I, alpha 1 Col-lagen de la matriu extracel-lular
COL6A2  collagen type 6, alpha 2 Col-lagen de la matriu extracel-lular
MMP1 Matriz Metallopeptidase 1 Col-lagenasa intestinal
MMP2 Matrix Metallopeptidase 2 Col-lagenasa intestinal
MMP3 Matriz Metallopeptidase 3 Degradacié de la matriu extra-
cel-lular
MMP12 Matrix Metallopeptidase 12 Metaloelastasa
MUC1 Mucin 1 Barrera mucosa
MUC13 Mucin 13 Barrera mucosa
SPARC Secreted Protein Acidic And Sintesis matriu extracel-lular
Cysteine Rich
TIMP1 TIMP Metallopeptidase Inhi- Inhibidor de metaloproteinases
bitor 1
CDH11 Cadherin 11 Unions inter-cel-lulars
TFF1 Trefoil factor 1 Barrera mucosa
ADAM15 ADAM Metallopeptidase Do- Adhesié cel-lular
main 15
MMP9 Matriz Metallopeptidase 9 Col-lagenasa intestinal
MMP10 Matriz Metallopeptidase 10 Degradacié de la matriu extra-
cel-lular
ADAMY9  ADAM Metallopeptidase Do- Adhesié cel-lular
main 9
EPCAM  FEpithelial Cell Adhesion Mo- Marcador cel-lula epitelial
lecule
VIL1 Villin 1 Marcador cel-lula epitelial

Taula 5: Estructura i permeabilitat. Gens associats amb l’estructura i permeabilitat
de la mucosa intestinal que es veuen alterats en la mucosa intestinal de pacients amb
CU activa.

La deteccio dels agents forans es realitza a través d’uns sensors capagos de re-
coneixer patrons moleculars especifics, anomenats PRRs (pattern-recognition re-
ceptors). Els PRRs sén capagos de reconeixer patrons moleculars especifics de
patogens (PAMPs, pathogen-associated molecular patterns) i patrons moleculars
associats al dany (DAMPs, damage-associated molecular patterns). S’han descrit
diferents tipus de PRRs: els TLRs, els retinoid acid inducible gene (RIG)-I-like
receptors (RLRs; com RIG-I, MDAS5 i DAI) i els nucleotide-binding and oligome-
rization domain (NOD)-like receptors (NLRs; com NOD1, NOD2, NLRP3 and
AIM2)(Taula[6) [253].
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Receptor Localitzacié Comp. microbians Origen
TLRs
TLR1/2  Superficie cel-lular  Triacyl lipopeptids Bacteria
TLR2/6  Superficie cel-lular  Diacyl lipopeptids Micoplasma Lipo-
teichoic
Lipoteichoic acid Bacteries gram po-
sitiva
TLR2 Superficie cel-lular  Lipoproteins Patogens diversos
Peptidoglycan Bacteries gram-
positiva i -negativa
Lipoarabinomannan Micobacteri
Porines Neisseéria
Glicoproteines de ’embolcall ~ Virus
GPI-mucin Protozous
Phospholipomannan Candida
Zymosan Fongs
b-Glycan Fongs
TLR3 Superficie ARNds Virus
cel-lular/endosomes
TLR4 Superficie cel-lular  LPS Bacteries gramne-
gatives
Glicoproteines de ’embolcall ~ Virus
Glycoinositolphospholipids Protozous
Mannan Candida
HSP70 Organisme
TLR5 Superficie cel-lular  Flagel Bacteries fla-
gel-lades
TLR7/8 Endosome ARNss ARN de virus
TLR9 Endosome ADN CpG Virus, bacteries,
protozous
NLRs
NOD1 Citoplasma Diaminopimelic acid Bacteries gramne-
gatives
NOD2 Citoplasma MDP Bacteries gram-
positiva i -negativa
NALP1  Citoplasma MDP Bacteries  gram-
positiva i -negativa
NALP3  Citoplasma ATP, uric acid crystals, ARN, Virus, bacteris i
ADN, MDP hoste

Taula 6: Pattern-recognition receptors (PRRs). Tipus de PRRs per al reconeixement

de components microbians [253].
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La senyalitzacio a través d’aquests receptors promou tan 1’activacié com la trans-
locacié nuclear de factors de transcripcié (IRFs, NFkB i AP-1) associats a I'ex-
pressié de citocines pro-inflamatories (IFN-«/3, TNF-« i pro-IL1J) o la formaci6
de l'inflamasoma (Figura [8]) [254].

TLRs RLRs NLRs
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Q @ @ ( canvisionicsi
_d'oxido-reduccié

(000000 0(TN 0060000000000 00(/000000600000008 000000000000 )0000000000000(0000000000s SOO00O0OOMOO0O0000

TLRs 1, 2, 4-6, 10
Endosoma
e

DAI,
TLRs 3, 7-9 RIG-l, MDAS other sensors NOD1, NOD2 NLRP3 AIM2

IRFs / NFxB Caspase-1
l/\iléle AP-1 inflammasome

R G MM

ADN

Figura 8: Sensors de la immunitat innata. Els TLRs, RLRs i NLRs sén sensor de la
immunitat innata que reconeixen DAMPs, PAMPs o acids nucleics que es troben a la
superficie cel-lular, en endosomes o al citoplasma cel-lular. La senyalitzacié per aquests
sensors promou l’activacié i translocacié de factors de transcripcioé responsables de la
produccié de citocines inflamatories. Adaptat de [254].

Les cel-lules epitelials, a part de formar una barrera fisica indispensable per a la
defensa de 'organisme contra l’entrada d’agents externs, també presenten funci-
ons immunoreguladores mitjancant I’expressié de PRRs. En aquest tipus cel-lular,
la senyalitzacié per PRRs i altres receptors de citocines i quimiocines (com CCR5,
CCR6 1 CXCR4) desencadena la produccié de factors inflamatoris relacionats amb
la produccié de mucines (MUC1, MUC13), agents antimicrobians (DEFA5, DE-
FAG6, LYZ, REG3A) i quimiotaxis de leucocits (IL8, CXCL1, CXCL3, CCL20 i
CXCL9) [255, 256].

L’expressié de PRRs en les cel-lules leucocitaries del sistema immunitari innat
és caracteristica de neutrofils, macrofags i cel-lules dendritiques. La senyalitzacio
per aquests sensors indueix 'expressio de diverses molecules efectores. A més,

en macrofags i cel-lules dendritiques (cel-lules presentadores d’antigens, APCs)
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indueix 'activaci6 del complex d’histocompatibilitat principal (MHC; major his-
tocompatibility complex) i de molecules co-estimuladores, esdevenint un vincle

clau entre el sistema immunitari innat i adaptatiu.

El MHC interacciona amb els receptors de les cel-lules T naive (TCRs, T-cell
receptors) induint la maduracié i diferenciacié de les cel-lules T (Figura[d).

La senyalitzacié per TLRs (un tipus de PRRs) també és capag d’induir I'expres-
si6 de diferents citocines, incloent IL-12, que estimulara la diferenciacié de les
cel-lules T cap a un fenotip Thl independentment de la presentacié antigenica
[257].

Pathogen

Endocytic
PRR

&%

nelritic
cell

Figura 9: Resposta d’una cel-lula dendritica a la senyalitzacié per PRRs. La cel-lula
presentadora d’antigen reconeixera el patogen mitjancant els PRRs i consequentment
tindra lloc la migracié i presentacié de 'antigen a les cel-lules T naive per induir la
resposta immunologica adaptativa. Adaptat de [257].

Les cel-lules B, tot i considerar-se part del sistema immunitari adaptatiu, mos-
tren funcions associades a una resposta immunologica innata. Aquestes presenten
PRRs per a PAMPs capagos d’activar el MHC i presentar antigens a les cel-lules
T. No obstant, les cel-lules B es caracteritzen per presentar una resposta anti-
gen especifica que és regulada per la senyalitzacié a través del receptor de les
cel-lules B (BCR, B-cell receptor) i la interaccié amb les cel-lules T cooperadores.
L’activacié de les cel-lules B per BCR indueix la maduracié i diferenciacié de les

cel-lules B a cel-lules plasmatiques (secretores d’anticossos) o cel-lules B memoria.
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Els anticossos secretats per les cel-lules plasmatiques col-laboren en 1’eliminacié
d’agents patogens a través de diferents mecanismes: neutralitzant directament
els agents patogens, activant de la cascada del complement o interactuant amb

altres cel-lules del sistema immunitari [258].

El sistema del complement, consisteix en un conjunt de proteines produides prin-
cipalment pel fetge que es localitzen en el plasma o en les superficies cel-lulars com
a precursors inactius (zimogens). L’activaci6 del complement pot donar-se per la
unié a anticossos (principalment anticossos IgG i IgM) o la unié a proteines de fa-
se aguda (com la PCR, el fibrinogen, I'haptoglobina i la MBL (mannose-binding
lectin)). El complement regula la resposta a senyals inflamatories mitjangant
una cascada enzimatica que induira la lisis cel-lular, I'opsonitzacié o la depuracio

d’immunocomplexos [259)].

Les citocines inflamatories secretades durant la resposta immunologica (p.e. TNF-
a 1 IL1J) també afecten a les cel-lules endotelials, promovent I'expressié de
molecules d’adhesié, com VCAM-1, ICAM-1 i MadCAM-1. Aquestes molecules
d’adhesié i els seus lligands sén clau en la resposta inflamatoria, permetent la

migracié dels leucocits al focus inflamatori (Taula [7)) [260, 261].

Tots aquests canvis associats a la resposta inflamatoria de la mucosa intestinal es
reflecteixen clarament quan s’estudia la mucosa intestinal de pacients amb CU a
nivell transcripcional. Al analitzar les alteracions transcripcionals en biopsies de
pacients amb CU activa comparades amb mucosa sana o teixit no inflamat d’un
pacient s’observa un augment de quimiocines, citocines, peptids antimicrobians i
factors d’adhesio; senyalant 'activitat inflamatoria i la migracié leucocitaria que
esta tenint lloc en el teixit [262] 263]. També es detecten augmentats agents an-
timicrobians i del complement, i determinats receptors i molecules involucrades
en la presentacié d’antigens (MHC). La Taula [8 recull alguns dels gens alterats

durant la resposta inflamatoria en la mucosa intestinal de pacients amb CU.
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activats
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VCAM-1, fibro-
nectina
aEp7 Limfocits 1 Si Si E-caderina Retenci6 de cel-lules
un subgrup a la mucosa
de cel-lules
dendritiques
Superfamilia d’immunoglobulines
ICAM-1 Endoteli i Si Si CD11a/CD18, Adhesié i migracié
monocits CD11b7CD18
ICAM-2 Endoteli St No CD11a/CD18 Adhesi6 i migracié
VCAM-1 Endoteli Si Si a4fl1, adSB7 Adhesié i migracié
MAdCAM-1  Endoteli in- Si Si a4 57, L-selectina  Adhesi6 i migraci6
testinal
PECAM-1 Endoteli, Si No PECAM-1, Adhesié 1 migracié
leucocits i aVp3?
plaquetes
VAP-1 endoteli Si Si ? Adhesié

Taula 7: Molecules d’adhesié involucrades en 'adhesié entre leucocits i ceél-lules endo-
telials. Adaptat de [260], 261].
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Funcions immunomoduladores

Quimiocines

CXCL1 C-X-C Motif Chemokine Ligand 1

CXCL2 (MIP-2) C-X-C Motif Chemokine Ligand 2
CXCL5 C-X-C Motif Chemokine Ligand 5

CCL7 C-C Motif Chemokine Ligand 7

CCL3 (MIP-1A) C-C Motif Chemokine Ligand 3
CCL20 C-C Motif Chemokine Ligand 20

CCL18 C-C Motif Chemokine Ligand 18

CCL24 C-C Motif Chemokine Ligand 2/

CXCL9 C-X-C Motif Chemokine Ligand 9
CXCL10 C-X-C Motif Chemokine Ligand 10
Citocines

IL-23, alpha (subunit 19)
IL17A

ILS

IL1A

IL1B

IL13

IL12A (p35)

IL12b (p40)

PLAU

IL18

Interleukin 23 Subunit Alpha
Interleukin 17A

Interleukin 8

Interleukin 1 Alpha

Interleukin 1 Beta

Interleukin 13

Interleukin 12A

Interleukin 12B

Plasminogen activator, urokinase
Interleukin 18

Proteines antimicrobianes

DEFA5
DEFAG
DEFB/
LYZ
REG3A
PLA2GA?2
LCN?
NOS2A

Defensin A5

Defensin A6

Defensin B/

Lysozyme

Regenerationg Family Member 3 Alpha
Secretory phospholipase A2

Lipocalin 2

Nitric Oxide Synthase 2

Receptors de citocines

TNFRSF6b
IL1R2

TNF Receptor Superfamily Member 6b
Interleukin 1 receptor, type II

Continua.
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Taula 8 — Funcions immunomoduladores. Continuacio

IL2RA Interleukin 2 receptor, alpha

IL23R Interleukin 23 receptor

CXCR2 C-X-C Motif Chemokine Receptor 2

IL1IRN Interleukin 1 Receptor Antagonist

TNFRSF17 TNF' Receptor Superfamily Member 17

Complex major d’histocompatibilitat, classe II / Presentacié d’antigen

HLA-DRBI1 Major Histocompatibility Complex, Class 1I, DR Beta 1

HLA-DQBI1 Major Histocompatibility Complex, Class 11, D@ Beta 1

Complex major d’histocompatibilitat, classe I / Presentacié d’antigen

HLA-C Major Histocompatibility Complex, Class I, C

HLA-B Major Histocompatibility Complex, Class I, B

CD1d CD1d Molecules

CD86 CD86 Molecule

Complement

C4A, C4B Complement C4A (Rodgers Blood Group) / B (Chido Blood
Group)

C/BPB Complement Component 4 Binding Protein Beta

SAA2 Serum Amiloid A2

Mboleécules d’adhesié cel-lular

ITGB2 Integrin beta 2

ITGAM Integrin, alpha M

VCAM-1 Vascular Cell Adhesion Molecule 1

ICAM-1 Intercellular Adhesion Molecule 1

CEACAM-1 Carcinoembryonic Antigen Related Cell Adhesion Molecule 1

ITGA4 Integrin, alpha 4

ITGB6 Integrin, betab

MAdICAM-1 Mucosal Vascular Addressin Cell Adhesion Molecule 1

Relacionades amb PAF (Factor activador de plaquetes)

PTAFR Platelet Activating Factor Receptor

PLA2G7 Phospholipase A2 Group VII

LPCAT1 Lysophosphatidylcholineacetyltransferase

Taula 8: Immunomodulacié. Gens associats amb la immunomodulacié (reclutament
cel-lular, activacié i mediadors inflamatoris) que es veuen alterats en la mucosa intesti-
nal de pacients amb CU activa.
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3.3. Proliferacio i creixement cel-lular

Una resposta inflamatoria aguda pot conduir a un dany tissular (p.e. tlceres).
Un cop controlada la inflamacié, existeixen mecanismes de reparacié que s’encar-

reguen de regenerar i curar les lesions tissular.

La reparacié cel-lular consisteix principalment en dues fases, una primera fase
de restitucid i una segona fase de proliferacié cel-lular i formacié de criptes (Fi-
gura [264]. La fase de restituci6é consisteix en la redistribucié de cel-lules
existents per cobrir la capa ulcerada i restablir la integritat de la barrera epiteli-
al. Alguns dels factors clau d’aquest procés sén el TGF-a i TGF-3, els peptids
trefoil 1 les galectines (galectina-2 i galectina-4), que indueixen canvis en el citoes-
quelet permetent la migracié cel-lular [265-267]. Posteriorment, diversos factors
de creixement, com el epidermal growth factor (EGF), hepatocyte growth factor
(HGF), fibroblast growth factor (FGF) i keratinocyte growth factor (KGF) (pro-
duits per l'estroma), citocines pro-inflamatories com IL-15, I11-6, IL-2 o IL-8, o
productes bacterians, promouran la proliferacié cel-lular activant els factors de
transcripcié STAT-3, STAT-5 i NF-xB [268-273].

Un potent inductor de STAT3 és la IL-22, una citocina de la familia de la IL-10
capa¢ d’estimular la proliferacié cel-lular i la secrecié de factors com REGIIIb,

REGIIIg, S1I00A9, S100A8 o MUC1 [274].

L altima etapa del procés de regeneracié i curacié de la mucosa consisteix en
la reconstrucci6 de les criptes intestinals. Les cel-lules de la cripta es diferencien
principalment en cel-lules absortives (enterocits) i cel-lules secretores (cel-lules
calciformes). En aquest procés de diferenciacié hi juga un paper molt impor-
tant el teixit mesenquimal adjacent a la capa epitelial mitjancant la secrecié de
WNT5a i prostaglandina E2 [275] 276]. Les citocines inflamatories, com la 1L-6,
activaran més vies vinculades al procés de diferenciacié com la via Notch i Hippo-
YAP [277-279]. L’activaci6é de Notch indueix I'expressié del factor de transcripcié
Hes-1 que inhibeix la diferenciacié de cel-lules calciformes. En el cas de YAP, la

funcio fisiologica encara no esta clara.

Durant un brot de CU es solen trobar multiples tlceres en la mucosa intestinal
degut al dany tissular provocat per la resposta inflamatoria. Com esperariem,

molts dels gens relacionats amb la regeneracié cel-lular tenen una expressié ele-
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Dany epitelial provocat per
agents quimics o farmacologics,
infeccions o forces mecaniques

Pérdua de polaritat cel-lular
Produccié de factors de
creixement per cél-lules epitelials
Migraci6 de cél-lules epitelials

Proliferacio Inducci6 de la Diferenciacio Induccié de la diferenciacié
Céllules en divisié proliferacié per factors A4 cel-lular mitjangant I'activacié
de creixemet, de diferentes vies biologiques
\] citocines o agents S
. microbinas Q Cél-lules calciformes
/

Hippo
/ YAP
Y
fibroblasts
Cel-lules mare macrbfags
Cél-lules mesenquimals limfocits Enterdcits Cél-lules enteroendocrines

Figura 10: Representacié dels mecanismes involucrats en la curacié mucosa. A) Hores
després del dany comenga el procés de reparacio i regeneracié tissular. B) Les cel-lules
epitelials perden la polaritat mitjancant la secrecié de factors com TGF-a, TGF-8 o
TFF, permetent la migracié cel-lular a la zona danyada. C) A continuacid, els factors
de creixement, les citocines o els agents microbians indueixen la proliferacié de cel-lules
epitelials des de la base de la cripta. D) Finalment, les cel-lules es diferencien en cel-lules
especialitzades localitzades a la part apical de la cripta. Adaptada de [280)].

vada en el teixit d’aquests pacients, indicant que aquesta ha estat danyada i que
les vies de restitucio, proliferacio i diferenciacié estan actives. Alguns d’aquests

gens es recullen a la Taula [9]

4. Inflamacio i cancer

Molts d’aquests mecanismes de creixement cel-lular associats a la CU també con-
tribueixen en el desenvolupament i progressié del CCR. Com s’ha descrit anteri-
orment (Seccid I), els pacients amb CU presenten un risc de desenvolupar CCR
superior al de la poblaci6 en general, sobretot en aquells casos amb més de 8 anys
d’evolucio de la malaltia. Es creu que la regeneracié constant del teixit danyat a

conseqiiencia de la inflamacié pot ser clau en el desenvolupament tumoral, con-
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Proliferacid i creixement cel-lular

S100P S100 calcium binding protein P
S100A11 S100 calcium binding protein A1l
S100A8 S100 calcium binding protein A8
S100A9 S100 calcium binding protein A9
CTSC Cathepsin C

REGY Regenerating Family Member 4
REGI1A Regenerating Family Member 1 Alpha
REGS3A Regenerating Family Member 3 Alpha
TFF1 Trefoil factor 1

WNTS5A Wnt Family Member 5A

STATS Signal Transducer And Activator Of Transcription 3

Taula 9: Proliferacio i creixement cel-lular. Gens associats amb la regeneraci6 tissular
(restitucid, proliferacié i diferenciacié) que s’alteren en la mucosa intestinal de pacients
amb CU activa.

tribuint en la induccié de gens antiapoptotics, estimulant la proliferacié cel-lular

i la angiogenesi [281], 282].

Diverses de les citocines pro-inflamatories (com TNF-«, IL-15 i I1-6) codifica-
des per gens associats a la via NF-xkB que contribueixen al dany tissular, es
relacionen amb el desenvolupament i la progressié de tumors. A més, l'acti-
vacié de NF-kB promou l'expressié de factors antiapoptotics com grow arrest
and DNA-damage-inducible 450 (GADDA45b), B-cell lymphoma 2-related protein
(BFL1) i B-cell lymphoma XL (BCL-XL), que promouen la supervivencia i pro-
liferacié de cel-lules tumorals. Aquesta via també pot estimular la progressié i
invasio del tumor directa o indirectament mitjangant I’augment de 1’expressié de
VEGF, COX-2, i IL-8, que afavorira I’angiogenesis. Finalment, la produccié de
metal-loproteinases (com MMP1, MMP3 i MMP9) i algunes proteinases serines
que son regulades per NF-xB s’han descrit com a factors que contribueixen en la

metastasi tumoral [283].

També es creu que la IL-6 té un paper especialment rellevant en el CCR. Els
nivells de IL-6 estan elevats en el serum de pacients amb CCR i es correlacionen
amb la mida i l'estat del tumor [284]. A més, la via IL6/STAT3 pot estimular la

supervivencia i proliferacié de cel-lules intestinal pre-malignes [285].
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En el tractament de la CU, un cop aconseguida la remissio clinica, ’objectiu prin-
cipal es centra en la curacié mucosa i la prevencié d’'un nou brot. Actualment, el
50% dels pacients amb CU presenten més d’un brot al llarg del temps i un 15%

haura de sotmetre’s a cirurgia [17], [142] [143].

Assolir la curacié mucosa o remissio s’associa a un millor prognosi de la CU a
llarg termini [I7, [286], pel que el curs clinic podria variar si aquest fés I'objectiu
principal en el seu tractament. No obstant, tot i ’absencia de senyals inflamatoris
a nivell macro- i microscopic, el segment intestinal en remissié mostra alteraci-
ons histologiques [287]. Algunes de les alteracions permanents descrites inclouen
la deformitat de les criptes o glandules, la ramificacié de criptes, una disminu-

ci6 de la muscular de la mucosa i la metaplasia de cel-lules de Paneth, entre altres.

Amb D'arribada de les omiques, la caracteritzacié de la mucosa intestinal infla-
mada de pacients amb CU ha mostrat algunes de les vies alterades en aquests
pacients i esta sent clau per a la cerca de noves dianes terapeutiques. Tanmateix,

nosaltres volem centrar-nos en la mucosa intestinal en remissio.

Durant la inflamacié intestinal s’activen un conjunt de mecanismes reguladors
com la produccié de citocines anti-inflamatories (IL-10, INF-« i IFN-3, TGF-g,
IL-22, IL-35 i IL-37) [288], inhibidors inflamatoris endogens (IL-1Ra, sTNFR,
IL-18BP) i mediadors per la resolucié de la inflamacié (lipoxins, resolvins i pro-
tectins) [250], per tal de limitar el dany i recuperar ’homeostasi intestinal. No
obstant, es desconeix si alguns d’aquests mecanismes romanen alterats quan s’as-
soleix la remissio de la malaltia. Podriem pensar que alguns dels mecanismes
anti-inflamatoris resten actius per tal d’evitar un nou brot. Per altra banda, i

tenint present les alteracions histologiques persistents en la mucosa en remissié
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dels pacients amb CU i que aquests mostren un major risc de desenvolupar CCR
[289] 290], hom podria pensar en l'existencia d’alteracions permanents en meca-

nismes de proliferacié i creixement de I’epiteli intestinal.

Davant d’aquest escenari, i partint de la hipotesis que la mucosa intestinal dels
pacients amb CU en remissié presenta alteracions moleculars responsables de la
cronicitat de la malaltia, un dels objectius d’aquesta tesi és investigar si la
mucosa intestinal dels pacients amb CU en remissié retorna a la nor-

malitat o presenta alteracions transcripcionals permanents.

Per tal de testar la hipotesis, s’han definit els seglients objectius concrets:

e Identificar el patré transcripcional associat a la mucosa de pacients amb

CU en remissié mitjancant microarrays.

e Identificar les principals vies biologiques alterades en la mucosa de pacients

amb CU en remissio.

e Validar els resultats obtinguts mitjancant la reaccié en cadena de la poli-

merasa (PCR) a temps real.

e Validar els resultats obtinguts a nivell de proteines.

Per altra banda, i continuant amb la rellevancia de la remissié mucosa i el moni-
toratge dels pacients amb CU, la tesi es planteja un segon objectiu centrat en la

cerca de biomarcadors d’activitat de la malaltia.

Actualment disposem d’un gran ventall d’index d’activitat clinica i endoscopica
per a monitorar 'activitat de la malaltia, essent I'endoscopia el procediment de
referencia. No obstant, la realitzacié d’una prova endoscopica comporta elevats
costos economics, dificultats en 'acceptibilitat dels pacients i, en els casos més
greus, el risc de complicacions durant el procediment. Aixi, tot i que els paci-
ents solen sotmetre’s a varies endoscopies al llarg de la seva vida, aquesta no és
la prova que es realitza de forma rutinaria per monitorar els pacients amb CU,
essent la valoracié clinica i d’altres biomarcadors serologics i fecals, els procedi-
ments indicats. Tanmateix, aquests no sén sempre un reflex real de l'activitat

endoscopica. Existeixen discrepancies entre la simptomatologia clinica i les lesions
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endoscopiques [291], i la sensibilitat i especificitat dels biomarcadors serologics i

fecals és baixa en casos amb malaltia activa lleu o moderada [190], 292 293].

Per tant, sota la hipotesis que a nivell transcripcional podem detectar altera-
cions en sang periferica que s’associin amb les lesions endoscopiques, el segon
objectiu d’aquesta tesi és la deteccié de biomarcadors transcripcionals per

a la prediccié de lesions endoscopiques.

Per tal de testar la hipotesis, s’han definit els seglients objectius concrets:

e Determinar el perfil transcripcional en sang periferica de pacients amb le-

sions endoscopiques actives respecte controls sans i pacients en remissio.

e Correlacionar els nivells transcripcionals amb els diferents graus d’activitat

endoscopica.
e Validar aquelles molecules candidates a biomarcadors d’activitat endoscopica.
e Definir un model predictiu de I'activitat endoscopica.

e Determinar la sensitivitat dels biomarcadors per avaluar la resposta te-

rapeutica.
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Resum

Objectius. La Colitis Ulcerosa (CU) és una malaltia cronica caracteritzada per
diferents brots d’activitat tot i la previa curacié endoscopica i histologica de la
mucosa. L’objectiu d’aquest estudi es centra en la identificacié de la signatura

molecular associada a la CU en remissio.

Metodologia. Es realitza un analisi transcripcional del genoma complet de
biopsies de colon de pacients amb CU histologicament activa, inactiva, i controls
sans. Els resultats obtinguts es validen en una cohort independent de pacients
mitjancant PCR a temps real i tecniques de tincié histologica (immunohisto-

quimica i immunofluoresceéncia).

Resultats. L’analisi de microarrays (n=43) mostra que la mucosa intestinal
de pacients amb CU en remissié presenta un perfil transcripcional significativa-
ment diferent dels pacients amb CU activa i dels controls sans. Cinquanta quatre
gens van ser seleccionats per validar-se en una cohort independent de pacients
(n=30). Vint-i-nou dels gens seleccionats mostren alteracions transcripcionals
significatives en la CU en remissié en comparacié als controls sans, incloent ma-
joritariament gens relacionats amb les cel-lules epitelials, com REG4, S100P,
SERPINBS, SLC16A1, DEFB1, AQP3 i AQPS; associats amb el creixement
cel-lular, 'apoptosis i la resposta immunologica. L’expressié de gens inflamatoris
com REGIA i IL8 retorna a nivells d’expressié similars als controls durant la
remissié de la malaltia. Les alteracions en 'expressio dels gens REGY, S100P,
SERPINBS i REG1A es va confirmar a nivell de proteines mitjancant immuno-

histoquimica (n=23).

Conclusions. L’analisi transcripcional de la mucosa de pacients amb CU ens
ha permes descobrir vies permanentment alterades en la CU tot i la curacié his-
tologica de la mucosa intestinal. Donada la forta relacié entre la regulacié d’alguns
d’aquests gens i el creixement i difusiéo de determinats cancers gastrointestinals,
creiem que l'expressié aberrant d’aquests gens en la CU pot proporcionar me-
canismes per a la hiperproliferacié epitelial i, en el context de transformacions

malignes, per a un creixement tumoral.
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Transcriptional analysis of the intestinal mucosa of
patients with ulcerative colitis in remission reveals
lasting epithelial cell alterations
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Mireya Jimeno,? Ingrid Ordas,” Miriam Esteller," Elena Ricart,' Josep M Piqué,’

Julian Panés,” Azucena Salas'

ABSTRACT

Objective Ulcerative colitis (UC) is a chronic condition
characterised by the relapsing inflammation despite
previous endoscopic and histological healing. Our
objective was to identify the molecular signature
associated with UC remission.

Design We performed whole-genome transcriptional
analysis of colonic biopsies from patients with
histologically active and inactive UC, and non-
inflammatory bowel disease (non-IBD) controls. Real-time
reverse transcriptase-PCR and immunostaining were used
for validating selected genes in independent cohorts of
patients.

Results Microarray analysis (n=43) demonstrates that
UC patients in remission present an intestinal
transcriptional signature that significantly differs from that
of non-IBD controls and active patients. Fifty-four
selected genes were validated in an independent cohort
of patients (n=30). Twenty-nine of these genes were
significantly regulated in UC-in-remission subjects
compared with non-IBD controls, including a large
number of epithelial cell-expressed genes such as REG4,
S100P SERPINBS, SLC16A1, DEFB1, AQP3 and AQPS,
which modulate epithelial cell growth, sensitivity to
apoptosis and immune function. Expression of
inflammation-related genes such as REG1A and IL8
returned to control levels during remission. REG4, S100P
SERPINBS and REG1A protein expression was confirmed
by immunohistochemistry (n=23).

Conclusions Analysis of the gene signature associated
with remission allowed us to unravel pathways
permanently deregulated in UC despite histological
recovery. Given the strong link between the regulation of
some of these genes and the growth and dissemination
of gastrointestinal cancers, we believe their aberrant
expression in UC may provide a mechanism for epithelial
hyper-proliferation and, in the context of malignant
transformation, for tumour growth.

INTRODUCTION

Ulcerative colitis (UC) is an idiopathic chronic
disease of the colon characterised by periods of
active disease followed by periods of remission.
Epidemiological studies in UC have reported that
over 90% of patients have active disease during the
first year following diagnosis and in subsequent
years, approximately 50% will have active disease
or will have undergone colectomy.*

Gut 2013;62:967-976. doi:10.1136/gutjnl-2012-303333

What is already known about this subject?

» In ulcerative colitis (UC), periods of active
disease are followed by endoscopic remission
and healing of the involved mucosa.

» The involved intestinal mucosa of UC patients in
remission shows persistent histological changes
suggesting that the composition and architec-
ture of the recovered intestine is permanently
altered even after inflammation has resolved.

» Patients with UC have an increased risk of
developing complications such as colorectal
cancer (CRC), fibrosis and loss of intestinal
function, and this risk increases over time.

What are the new findings?

» We identify a new transcriptional signature
associated with the involved mucosa of UC
patients in remission that is significantly differ-
ent from that of uninvolved or non-inflammatory
bowel disease mucosa.

» About half of the genes that are significantly regu-
lated in UC active mucosa remain altered during
remission despite endoscopic and histological
healing. These genes participate in biological
functions such as cellular growth, movement,
assembly and organisation, as well as in fatty
acid and protein metabolism.

» Among the genes that remain deregulated during
remission, we identify several that are expressed
by epithelial cells and are involved in epithelial cell
proliferation, resistance to apoptosis and response
to stress. These genes have been previously
shown to be deregulated in the neoplastic epithe-
lium, suggesting a potential contribution to CRC
development in the context of UC.

Preventing disease relapse, achieving mucosal
healing and avoiding complications are the major
goals in the management of patients with UC.
Mucosal healing or endoscopic remission is associated
with better long-term clinical outcomes in UC.2
However, even in the absence of endoscopic or
microscopic signs of active inflammation, the
involved intestinal mucosa of UC patients in remis-
sion shows histological changes. These include
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How might it impact on clinical practice in the foresee-

able future?

» By comparing active UC patients with UC patients in remis-
sion, we can distinguish between genes whose expression
pattern depends on disease activity, and those that remain
altered in spite of remission. The former could serve as
potential targets and be used as objective biomarkers of
mucosal inflammation.

» The signature associated with the remitting intestine may
include early biomarkers of malignant transformation in UC
patients, and potential targets for halting the progression to
CRC.

glandular deformity, branching of crypts, thickened muscularis
mucosa, Paneth cell metaplasia, neuroendocrine cell hyperplasia
and/or fat in the lamina propria, suggesting that the compos-
ition and architecture of the recovered intestine is permanently
altered even after inflammation has resolved.?

UC is associated with a higher risk of developing dysplasia
and colorectal cancer (CRC),* ® with disease duration being the
strongest risk factor. The histological severity of inflammation
has been linked to increased cancer risk, but patients with long-
standing remission also have an increased risk of developing
neoplastic lesions.

While several studies have used genome-wide gene expression
approaches to understand the mechanisms of active inflamma-
tion,”*? fewer studies, typically relying on a small number of
patients, have explored the molecular events that occur during
remission.” 1 14

The primary objective of our investigation was to reveal the
molecular events that take place during disease quiescence. To
this end, we studied the transcriptional signature of the
involved intestinal mucosa of UC patients in clinical, endo-
scopic and histological remission, and compared it with that of
the actively inflamed or healthy non-inflammatory bowel
disease (non-IBD) mucosa. Studying the molecular alterations
in the intestinal mucosa that persist during disease remission
may help identify relevant biomarkers of remission and provide
a better understanding of the mechanisms leading to long-term
disease complications such as dysplasia and CRC.

MATERIALS AND METHODS
More detailed information is described in the online supple-
mentary methods.

Patient population
Patients with an established diagnosis of UC and non-IBD con-
trols were included in the study after obtaining written
informed consent. Non-IBD controls were those subjects under-
going colonoscopy for mild gastrointestinal symptoms or a
screening for CRC, and who presented no lesions during exam-
ination. Inclusion criteria for UC patients were: age between 18
and 65 years, and diagnosis of UC at least 6 months before
inclusion according to the established criteria.'® Patients with
concomitant infections were excluded.

A total of 89 subjects, divided into three independent
cohorts, were included in the study. Clinical and demographic
characteristics of the subjects are shown in table 1.
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Table 1 Clinical and demographic characteristics of patients included
in the study
UC active UC remission Non-IBD controls
COHORT 1 (microarray analysis)
Number 15 8 13
Gender (M/F) 411 3/5 5/8
Age (years) 42.4+9.1 49.4+11.7 41.6+12.4
Duration of disease (years) 6.6+5.2 12.4+8.8 -
Extension of disease* 0/8/1 1/5/2 -
Medicationt 4/8/1/2 5/3/0/0 -
COHORT 2 (Real-time RT-PCR)
Number 8 12 10
Gender (M/F) 5/3 6/6 3/1
Age (years) 495+17.3 40.5+11.2 42.7+9.9
Duration of disease (years) 3.6+£3.9 10.3=6.3 -
Extension of disease* 2/5/1 1/1/4 -
Medicationt 31173 2/5/0/5 -
COHORT 3 (immunohistochemistry analysis)
Number 7 9 7
Gender (M/F) 5/2 1/2 2/5
Age (years) 48+117.9 58.6+14.3 45.6+19.5
Duration of disease (years) 6.3+6.6 11.4+5.4 -
Extension of disease* 0/4/3 2/3/4 -
Medicationt 1/5/1/0 4/4/0/1 -

*Proctitis/Left-sided colitis/Pancolitis.
t5ASA/Azathioprine/Steroids/no treatment.
IBD, inflammatory bowel disease; UC, ulcerative colitis.

Assessment of disease activity

Clinical and histological disease activity was assessed using
the total Mayo score,'® and the Matts score,’” respectively.
A total Mayo score greater than or equal to 4 with at least one
point in the bleeding sub-score and two points in the endoscopic
sub-score, together with a histological score greater than or
equal to 3 in any colonic segment, was defined as active disease.
Inactive disease was defined as a Mayo score less than 4, an
endoscopic sub-score of 0 and a histological score less than or
equal to 2. All inactive patients had been in remission for at least
5 months before and after biopsy collection. Uninvolved mucosa
of UC patients was defined as a colonic segment with a com-
pletely normal endoscopic appearance, normal histology and the
absence of any evidence of previous disease activity.

Biopsy collection

Intestinal biopsies were collected from the sigmoid colon or
rectum of non-IBD controls, UC patients with quiescent
disease (involved mucosa segments; UC remission) and UC
patients with active disease (UC active involved). In patients
with active disease, additional samples were obtained from
uninvolved proximal segments whenever possible (UC active
uninvolved). Biopsies were taken during routine colonoscopies,
placed in RNA later RNA Stabilisation Reagent (Qiagen) and
stored at —80°C. None of the biopsies showed evidence of
colitis-associated dysplasia or neoplasia.

RNA Isolation

Total RNA from biopsies in cohorts 1 and 2 was extracted
using a Rneasy Kit (Qiagen, Spain) according to the manufac-
turer’s instructions. Purity and integrity of the total RNA were
assessed with the 2100 Bioanalyzer (Agilent, Germany) and
then quantified by NanoDrop spectrophotometer (Nanodrop
Technologies, USA); only samples with an RNA integrity
number (RIN) greater than 7.0 were used.

Gut 2013;62:967-976. doi:10.1136/gutjnl-2012-303333
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Microarray

The derived cRNA from cohort 1 biopsies was hybridised to
high-density oligonucleotide Affymetrix GeneChip Human
Genome U133 Plus 2.0 Arrays (Affymetrix, USA) and raw data
was analysed using Bioconductor tools in R (V.2.15.0). Pathway
analysis using Ingenuity Pathways Analysis (IPA; Ingenuity
Systems) was performed for those genes found to be signifi-
cantly deregulated.

Microarrays raw data (.cel files) and processed data have been
deposited in NCBI’s Gene Expression Omnibus and are access-
ible through GEO Series accession number GSE38713 (http:/
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE38713).

Quantitative real-time reverse transcriptase PCR (RT-PCR)

To validate the microarray data, we performed real-time
RT-PCR analysis for a selected set of 54 target genes and 9
endogenous controls (see online supplementary table S1) from
an independent cohort of 30 individuals (cohort 2) using
custom designed TagMan Low Density Arrays (TLDA platform,
Applied Biosystems by Life Technologies, USA).

Microarray and real-time RT-PCR data correlation was
assessed in a subset of 15 biopsies specimens obtained for
microarray analysis (cohort 1) that was also analysed by real-
time RT-PCR (7 UC remission, 4 UC active involved and 4 UC
active uninvolved). We used Pearson’s product moment correl-
ation to test for any associations between paired data.

Immunostaining of intestinal samples

Using commercially available antibodies and the immunoperox-
idase detection system, we determined the expression of REG4,
REG1A, S100P and SERPINBS (MASPIN) in paraffin-embedded
sections from mucosa colonic biopsies obtained during endosco-
pies (cohort 3). Two blinded observers (NP and RMB) quanti-
fied the intensity of staining for all proteins analysed using a
qualitative score ranging from 0 to 2 (0=negative stain, 1=mild
stain, 2=strong stain). Statistical significance between groups
was determined using Fisher’s exact test.

Immunofluorescence staining was performed to confirm epi-
thelial localisation of REG4, REG1A, S100P and SERPINBS
(MASPIN) in a subset of representative patients that were
included in cohort 3. Epithelial cells were stained with an
anti-EpCAM antibody.

Ethical considerations

The study was approved by the Institutional Ethics Committee
of the Hospital Clinic of Barcelona (Spain) on March 2006 and
was performed in accordance with the principles stated in the
Declaration of Helsinki (updated October 1996).

RESULTS

The intestinal mucosa of UC in histological remission is
transcriptionally different from that of healthy or inflamed
mucosa

Our first aim was to compare, using microarray analysis, the
transcriptional profile of the involved intestinal mucosa of
patients in remission, with that of healthy or inflamed mucosa
(cohort 1; table 1). A clear differentiation of samples, based on
their inflammatory status, was evident when applying principal
component analysis (PCA) using the given log2 microarray
expression data (figure 1). Importantly, samples from involved
areas of patients in remission (UC remission, shown in green in
figure 1) clustered together and away from the other groups.
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Figure 1  Principal Component Analysis (PCA) of microarray-based

genome-wide gene expression profiles derived from intestinal biopsies.
Mucosal biopsies were obtained from non-inflammatory bowel disease
(non-IBD) controls (black, n=13), non-involved mucosa segments from
patients with active ulcerative colitis (UC) (red, n=7), involved mucosa
segments from patients with active UC (blue, n=15), and inactive UC
(green, n=8). A two-principal component plot is shown with the first
component along the Y-axis and the second component along the
X-axis.

Using linear models for microarray data (LIMMA), we identi-
fied a set of 5469 genes whose expression was significantly up-
or down-regulated in UC remission samples compared with
non-IBD controls, thereby demonstrating that the UC mucosa
in histological remission is distinguishable from that of
non-IBD controls. By comparing inflamed samples from UC
active patients with non-IBD controls, we identified 6365 genes
that were significantly perturbed. It is worth noting that over
half of those genes (3700) remained significantly deregulated in
UC patients in remission despite complete endoscopic and
histological healing. No significant differences in gene expres-
sion were detected in UC active uninvolved samples compared
with non-IBD controls. Three different expression patterns
could be identified by looking at the transcription of these
6,365 genes in UC remission samples relative to the other
groups (figure 2). Pattern 1 included genes that showed equal
expression in UC remission compared with non-IBD controls;
pattern 2 contained genes whose expression in UC remission
was intermediate and significantly different from that of con-
trols and UC active; and pattern 3 included those genes that
showed expression in UC remission comparable with that of
UC active involved and was significantly different to non-IBD
controls.

Analysis of the most significantly regulated pathways during

UC remission based on transcriptomic data

Pathways analysis using IPA of the 3700 genes regulated in both
active UC and UC in remission (patterns 2 and 3, figure 2)
revealed several significantly perturbed biological functions (see
online supplementary table S2A). The most noteworthy path-
ways identified included 945 of the 3700 genes (figure 3). A large
share of these was related to fatty acid and protein metabolism.
A decrease in biological functions linked to oxidation,
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Figure 2 Expression patterns according to microarray analysis. The 6,365 genes identified as differential expressed between ulcerative colitis (UC)
active and non-inflammatory bowel disease (non-IBD) controls were grouped into 6 clusters according to 3 expression patterns. For each cluster of
genes, the average expression levels (blue points) and the corresponding SD (red line) are shown on the y-axis for each group of observations. The

expression level of each gene was normalised to a mean=0.

concentration and transport of lipids is shown, suggesting
reduced energy production, whereas protein metabolism
increased. Pathway analysis also revealed a large number of regu-
lated genes involved in cellular movement, mainly associated

Cellular Movement

Protein Metabolism Fatty Acid Metabolism

Immune Cell
Trafficking
Tissue Morphology

Extracellular Matri
Cellular Assembly racellular Matrix

and Organisation Organismal Injury

and Abnormalities

Cell Communication
Cellular Growth

and Proliferation Molecular Transport

Cell Death
Figure 3 Pie chart representation of the relevant biological functions
altered in both active ulcerative colitis (UC) and UC in remission.
Twelve categories, including several biological functions, are shown
across a range of black and white colouring.
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with the migration of cancer cells. Cellular assembly and organ-
isation was perturbed, with a marked reduction in the tight
junction and actin filament formation, and in the quantity of
glandular epithelial cells. In addition, our analysis revealed an
increase in the adhesion of stromal cells and in the spreading of
fibroblasts during remission. Interestingly, biological functions
related to colony formation and to the proliferation of colon
cancer were found to be elevated. The cell death of epithelial
cells and the cytotoxicity of tumour cells were similarly
perturbed.

By contrast, that set of genes exclusively deregulated in
patients with active UC versus non-IBD controls (pattern 1,
figure 2) was primarily associated with immune function and
inflammatory response (immune cell trafficking, cell movement
and communication, etc), though it was also found to play a
role in proliferative and regenerative responses (cellular growth
and proliferation, cell death and tissue morphology) (see online
supplementary table S2B).

Identification of a UC in remission signature

We next selected 54 genes (see online supplementary table S1)
that (1) belonged to one of the 3 aforementioned patterns of
gene expression (figure 2) and that (2) were involved in some of
the major regulated pathways discussed above. Figure 4 shows a
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Figure 4 Heatmap representation of
microarray expression of 54 candidate
genes for the ulcerative colitis
(UC)-in-remission signature (100
probes). Heatmap representation of
microarray expression of 54 selected
target genes. Each row shows one
individual probe (representing 54
selected genes) and each column an
experimental sample. High expression
levels are shown in red and low
expression levels in green. An
unsupervised hierarchical cluster
method, using a Pearson distance and
average linkage method, was applied
for each sample and gene
classification. Samples belonged to
one of the following groups:
non-inflammatory bowel disease
(non-IBD) controls (shown in black,
n=13), non-involved mucosa segments
from patients with active UC (UC
active uninvolved; in red, n=7),
involved mucosa segments from
patients with active UC (UC active
involved; in blue, n=15) and
endoscopically and histologically
inactive UC (UC remission; in green,
n=38).

heatmap representation of the microarray expression profile for
the chosen 54 genes (100 probes). Microarray expression values
for these 54 genes allowed discrimination between groups of UC
patients in an unsupervised hierarchical cluster analysis of
samples from cohort 1 (figure 4). The selected genes included
several belonging to pattern 1 (ie, REG1A, IL8, CXCL3 and
WNT5A) shown in the upper part of the heatmap (figure 4),
and genes whose expression was deregulated in UC remission
and UC active involved samples compared with non-IBD con-
trols (patterns 2 and 3). Ninety-six per cent of the genes selected
(62 out of the 54 analysed) were technically validated by
real-time RT-PCR. Correlation coefficients (r) between the
expression of microarray and real-time RT-PCR analyses and the
p values for each probe are shown in the online supplementary
table S3.

The UC-in-remission signature is confirmed by real-time

RT-PCR in an independent cohort of patients

Next, we analysed the expression of these 52 selected genes
using real-time RT-PCR in an independent cohort of patients
(cohort 2; table 1). We obtained a refined set of 38 genes (table
2) whose expression profile fell into one of the three patterns
described above (figure 2). As expected, we identified a marked
up-regulation in UC active involved samples of all pattern 1
selected genes. In particular, REGIA showed the highest
up-regulation (1363.4-fold change compared with non-IBD con-
trols and a 403.4 fold-change compared with UC remission
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samples), followed by IGHGI, IL8, CXCL1 and CXCL3. The
pattern 2 genes CHISL1, MMP1, MMP3 and TIMP1, which are
related to the extracellular matrix, showed a marked
up-regulation both in UC active and in UC remission samples
compared with controls. By contrast, AQPS, a transporter
found in the apical membrane of enterocyte cells (pattern 2),
was significantly down-regulated in UC active involved and UC
remission samples. An additional 22 genes belonging to expres-
sion pattern 3 were validated in this cohort. These genes
showed a significant up- or down-modulation in UC active
involved and UC remission samples. For all pattern 3 genes, no
significant differences were found between UC active and UC
remission expression. Regenerating islet-derived family member
4 (REG4), an epithelial cell-growth factor, showed the highest
up-regulation followed by SERPINBS, which was also expressed
by epithelial cells. The relative expression of genes encoding for
different epithelial cell transporters, such as ABCG2, AQP3 and
SLC16A1, is also shown.

The expression of a subset of epithelial genes and proteins
remains in a deregulated state during remission

Using patients in cohort 2, we validated a total of 29 genes as
being differentially expressed in UC in remission compared
with non-IBD controls (table 2, patterns 2 and 3). Remarkably,
many of the genes (i.e. ABCG", AQP3, DEFB1, REG4, S100L,
SLC16A1, TFF1, SERPINBS (MASPIN), AQP8, TRIM29,
RUNDC3B AND CHI3L1) whose transcription remained

97



Inflammatory bowel disease

Table 2 Changes in the expression of selected genes assessed by
real-time RT-PCR

Fold change

UC active involved UC remission UC active involved

Gene symbol versus control versus control versus UC remission

Pattern 1
COL1A2 7.0%* 1.1 6.3%*
CXCL1 21.1%* 1.9 11.1%*
CXCL3 11.5%* 1.9 6.0%
IGHG1/G4/ @/ 59.5%* 1.3 44.1*

G3/V4-31/M
L8 29.6%* 1.6 18.1%
NFKBIZ 2.9%* 1.1 2.8%*
REG1A 1363.4** 34 403.4**
VCAN 3.9 -1.1 4.4%
WNT5A 5.1%* -1.1 5.7%*

Pattern 2
AQP8 —59.8** —9.4%* —6.3*
CHI3L1 626.0%* 12.3%* 50.9**
LILRB2 7.3%* 1.8% 4.0%
MMP1 111.8** 13.8%* 8.1%
MMP3 354.8** 22.6** 15.7%
TGFBI 5.9%* 2.0%* 2.9%
TIMP1 10.9%* 4.0%* 2.8%

Pattern 3
ABCG2 —8.3** —4.7* -1.8
ACOX1 —2.2** —1.9%* =11
ACSL4 6.1%* 2.4 2.6
ADH6 -2.3* -1.7* -1.4
AQP3 3% 4.0%* -1.3
CXCL5 44.7** 3.9% 11.5
DEFB1 —3.3** -1.9% -1.7
GJAT 4.2%* 2.1%* 2
IL1B 18.7%* 2.6 7.1
ILTRN 12.7%* 7.9%* 1.6
IL6R -1.7* —1.4* -1.2
ME1 5.7%* 6.6%* -1.2
MMP10 48.8** 10.4%* 47
REG4 25.1** 22.7** 1.1
RUNDC3B -3.1* -2.3* -1.3
S100P 8.6%* 13.0%* -1.5
SERPINB5 10.0%* 15.2%* -1.5
SLC16A1 -3.5% —2.9%* -1.2
SMAD7 —1.9%* -1.5% -1.3
TFF1 9.7%* 6.0%* 1.6
TFPI2 13.3%* 6.3%* 2.1
TRIM29 7.9%* 9.8 -1.3

*p<0.05.
**0<0,005.

Relative change (fold change) in gene expression determined by real-time RT-PCR in
non-IBD controls, involved areas of active UC patients (UC active involved), and involved
areas of UC patients in endoscopic remission (UC remission). Based on their relative
expression among groups, genes could be classified into three different patterns
(described in figure 2). Significant adjusted p values from a Mann-Whitney-Wilcoxon test
are shown as.

IBD, inflammatory bowel disease; RT-PCR, reverse transcriptase PCR; UC, ulcerative
colitis.

altered despite mucosal healing were primarily expressed by epi-
thelial cells; this suggests that the epithelial lining is particu-
larly susceptible during this chronic inflammatory condition.
Figure 5 shows the boxplot representation of gene expression
by real-time RT-PCR for some of the most relevant epithelial
cell-expressed genes that remained in a deregulated state in
UC-in-remission samples. In addition, the expression of
REGI1A, a gene only up-regulated in UC active involved
samples, is shown as a marker of inflammation. Apical
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membrane butyrate receptor (SLC16A1) and the molecular
transporters (AQP8 and ABCG2), which are expressed primarily
by enterocytes, showed a significant down-regulation both in
active UC and UC in remission. By contrast, the expression of
AQP3, a basolateral transporter of these cells, exhibited a sig-
nificant increase in transcription. Two genes secreted by goblet
cells, REG4 and TFF1, also showed an increase in transcription.
Moreover, the expression of less well-known epithelial genes—
such as S100L5 SERPINBS, TRIM29, RUNDC3B and CHI3L1—
remained significantly altered in UC in remission.

In order to further confirm this signature, we determined by
immunohistochemistry the expression of 3 selected proteins:
REG4, S100P and SERPINBS (table 2). In addition, we deter-
mined the expression of REG1A (pattern 1, figure 2 and table
2) as an epithelial marker of ongoing inflammation. Intestinal
epithelial localisation of all four antigens was confirmed by
immunofluorescent co-staining with an epithelial marker
(EpCAM). Expression of REG4, REG1A, S100P and SERPINB5
(shown in green) within EpCAM-positive (in red) intestinal epi-
thelial cells in the intestinal crypts is shown in figure 6A
(white arrows). Strong S100P-expressing cells negative for
EpCAM were also identified in the intestinal lamina propria
(figure 6A, yellow arrow).

Protein expression of these four epithelial-related genes was
quantified by immunohistochemistry in a cohort of 23 patients
(cohort 3; see table 1 for patients’ characteristics). In all samples
tested, the expression of REG1A, REG4 and SERPINBS was loca-
lised exclusively to the intestinal epithelium, whereas both epi-
thelial cells and a subset of lamina propria cells stained for
S100P (figure 6B). As expected, non-IBD control samples
showed negative or mild staining for REG4, S100F, SERPINBS
and REGI1A, while these four proteins exhibited significantly
increased expression in the inflamed mucosa of active
UC patients (representative immunostainings are shown in
figure 6B). The intensity for each protein was determined using
a qualitative score ranging from 0 to 2 (0O=negative stain,
1=mild stain, 2=strong stain). Expression of S100P and
SERPINBS was significantly higher in UC in remission (p<0.04)
compared with controls, while the expression of REG4 did not
reach statistical significance (p=0.13). In agreement with the
transcriptional data (both microarray and real-time RT-PCR),
expression of REGIA in UC-in-remission patients was compar-
able with non-IBD controls and significantly different
(p<0.005) from that of the involved areas of UC active patients
(figure 6C).

DISCUSSION

In the present study, we examined the transcriptional profile of
the intestinal mucosa of UC patients in remission, using a
whole-genome approach. Our study identified pathways that
are permanently deregulated in UC despite endoscopic and
histological remission.

During active inflammation, a large number of genes are sig-
nificantly regulated in UC patients.”> As is common in
stressed tissues, this includes purely pro-inflammatory genes,
and numerous protecting and regenerating mechanisms.
Activation of these mechanisms of defense is essential to over-
coming cellular stress. In fact, a failure to correctly do so can
lead to more severe tissue damage and/or chronic inflammation.
These protective mechanisms, which are induced as a response
to stress, need to be turned off once the stressor (eg, infectious
organism, damaging agent, etc) is eliminated in order to avoid,
for instance, uncontrolled cell proliferation, which can lead to
fibrosis or dysplasia. In the context of chronic inflammation
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Figure 5 Expression of selected epithelial cells-expressed genes determined by real-time reverse transcriptase PCR (RT-PCR) in non-inflammatory
bowel disease (non-IBD) controls and ulcerative colitis (UC) patients with active and inactive disease. Boxplot representation of 12 epithelial
cell-expressed genes as measured by real-time RT-PCR (delta Ct) in cohort 2, including 10 non-IBD controls, 12 UC remission, 8 UC active
uninvolved and 7 UC active involved samples. Statistical significance compared with controls (*p<0.05) and with UC in remission (+p<0.05) is

shown.

(UC), however, it remains unclear whether these genes, which
belong to both pro-inflammatory and protective subsets, return
to homeostatic levels once inflammation is under control.

As we and others,® 2 1 18 1% have shown, remission can
indeed be accomplished by modulating the inflammatory
response with a large number of reversibly modulated genes
capable of returning to basal levels. These include genes that
transcribe for cytokines, adhesion molecules, immunoglobulins,
antimicrobial peptides and tissue-remodelling enzymes, among
many others. Achieving expression profiles for this gene set
comparable with those seen in a healthy intestine appears to
be necessary in order to completely heal the mucosa of UC
patients. These genes (ie, IL8, REG1A and CXCL1) and the pro-
teins they encode may therefore represent important targets
whose modulation would be associated with mucosal healing
and clinical recovery. Moreover, they may constitute good bio-
markers that closely correlate with clinical, endoscopic and
histological remission, as we have recently shown.'® While this

Gut 2013;62:967-976. doi:10.1136/gutjnl-2012-303333

set of genes is reversely induced or repressed, a second group
that is also significantly up- or down-regulated in active disease
shows only partial or no modulation in inactive patients,
despite complete histological and endoscopic remission. This
suggests that modulation of this gene set is not required to
achieve mucosal healing, and that—in contrast to the first set
of reversibly modulated genes—these genes may not serve as
candidate targets or biomarkers of disease activity. Overall, our
data strongly suggests that the involved intestinal mucosa of
UC patients does not return to “normal” after inflammation
has resolved, but rather remains in a permanently altered state
characterised by a unique transcriptional —signature.
Importantly, many of the genes we identified as being per-
turbed in UC-in-remission mucosa have been widely reported
to be associated with the development of gastrointestinal car-
cinomas.?*?® In particular, REG4, S100P and SERPINBS, three
of the genes here associated with the inactive UC signature, are
known to be involved in epithelial cell proliferation and
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Figure 6 Immunostaining of REG1A, REG4, S100P and SERPINBS in epithelial cells shows different intensity patterns in active ulcerative colitis
(UC) or UC in remission and non-inflammatory bowel disease (non IBD) control biopsy samples. (A) Representative two-colour immunofluorescent
staining of fixed paraffin-embedded colonic tissue from one non-IBD control, one UC-in-remission patient (involved mucosa), and from an active UC
(UC active involved) patient. All samples were co-stained with EpCAM (red) and one of the following selected markers: REG1A, REG4, S100P or
SERPINBS (green). Sections were counterstained with DAPI (blue). Images were obtained using a 40x objective. White arrows highlight
co-localisation of proteins. The yellow arrow shows S100P expression by non-epithelial cells. (B) Representative immunohistochemical staining of
fixed paraffin-embedded colonic tissue from one non-IBD control, from the involved area of a patient with endoscopically and histologically inactive
UC (UC in remission), and from a patient with active UC (UC active involved). All samples were stained with REG1A, REG4, S100P and SERPINB5
antibodies. Sections were counterstained with haematoxylin. Images from the non-IBD control and the UC remission patient were taken with a 20x
objective lens, while the UC active involved subject image was obtained using a 10x objective lens in order to view the whole crypt length. (C)
Scatterplot representation of qualitative scores for REG1A, REG4, S100P and SERPINB5 immunohistochemical staining in a cohort of 23 patients
(non-IBD controls, n=7; inactive UC (UC remission), n=9; active UC (UC active involved), n=7). Each black dot represents one individual sample.
Staining scores range between 0 and 2 (0=negative stain, 1=mild stain, 2=strong stain) for all proteins. Statistical significance between groups
was determined using Fisher’s exact test and is represented as *p<0.05.
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resistance to apoptosis. REG4 is the most recently described
member of the regenerating C-type lectin family of proteins.?®
REG4 promotes cell growth by inducing the expression of the
anti-apoptotic genes BCL-2, BCL-X and Survivin,*’ and its tran-
scription is induced by different growth factors.?® By contrast,
expression of the genes that encode for other family members,
such as REGIA and REG3, is induced in response to
pro-inflammatory cytokines such as TNF-o, IL-6, IL-8, IFN-y or
IL-1B,%% % and as we show here, is significantly down-regulated
during remission.

S100P belongs to the S100 family of proteins (which includes
S100A8/S100A9, also known as calprotectin, a widely used faecal
biomarker of disease activity in UC). This family of proteins is
involved in the regulation of cell-cycle progression and differenti-
ation. Similar to REG4, S100P is frequently over-expressed in
several epithelial tumour types, including CRC.?* Interestingly, a
recent study reported the over-expression of S100P in both
UC-associated high-grade dysplasia and colon cancer, and in the
non-dysplastic mucosa of UC patients who progressed to dyspla-
sia.®” These findings suggest that there are changes in protein
expression early in the neoplastic progression, before any histo-
logical changes become evident in epithelial cells.

SERPINBS (MASPIN) is an intracellular serine protease inhibi-
tor. Expression of SERPINBS has been shown to gradually
increase from non-cancerous mucosa to adenocarcinoma through
adenoma.® SERPINB5 expression reportedly increased in over
90% of patients with active IBD, compared with 10% of healthy
controls. In inactive chronic IBD, expression was seen in about
40% of patients,® in close agreement with our own results.

Importantly, our validated UC-in-remission signature
included other epithelial cell-related genes including defensin
DEEB1, SLC16A1 encoding for the butyrate receptor, the aqua-
porins AQP3 and AQPS, the trefoil factor TFF1, and those
genes encoding for less well-known proteins such as TRIM29
and RUNDC3B. DEFB1 encodes for the antimicrobial peptide
defensin B 1, which is constitutively expressed in the intestinal
epithelium.®® Defensins are key effectors of the innate immune
response in the intestine. A decrease in expression of DEFB1
has been shown in colonic Crohn’s disease, but not in UC.%
Using larger cohorts of patients, both we and others,'* have
shown that DEFB1 is indeed significantly down-regulated in
active UC and in recovered inactive patients, compared with
non-IBD controls. Defective production of antimicrobial pep-
tides could potentially lead to activation of the mucosal
immune system and to promotion of disease relapse.

Another interesting target identified in this study is the
SLC16A1 gene encoding for the butyrate receptor. Butyrate is a
product of commensal metabolism and provides about 70% of
the total energy requirements of colonocytes. A reduction in
expression of the butyrate receptor during active UC has been
previously reported to result in decreased butyrate oxida-
tion.* 3° Apart from being a source of energy for colonocytes,
butyrate is involved in the inhibition of several key processes,
such as colonic carcinogenesis, inflammation and oxidative
stress. A decrease in SLC16A1 in intestinal epithelial cell lines
reduces the intracellular availability of butyrate, thereby poten-
tially affecting its oxidation and its regulatory effects on cell
proliferation, differentiation, apoptosis and inflammation.®®’
Therefore, lower SLC16A1 expression might promote uncon-
trolled epithelial cell proliferation and contribute to the risk of
CRC development. Indeed, SLC16Al expression is down-
regulated dramatically during colon carcinogenesis. This down-
regulation of SLC16A occurs as a relatively early event in the
adenoma-carcinoma sequence.””

Gut 2013;62:967-976. doi:10.1136/gutjnl-2012-303333

In summary, using transcriptional analysis of the intestinal
mucosa we describe herein a unique molecular signature asso-
ciated with UC in remission. By showing that this gene set is
being aberrantly expressed in remitting UC mucosa, we believe
the evidence points to new molecular mechanisms that poten-
tially become perturbed in the involved mucosa of UC patients
in remission. Interestingly, this signature closely resembles that
of the malignantly transformed epithelium. The important
question to answer is whether permanent deregulation of these
genes influences long-term UC-associated complications such
as epithelial cell transformation, loss of intestinal function and
disease relapse. While we cannot conclude from our study what
the physiological consequences of maintaining these genes in a
permanently perturbed state are, one can speculate that in the
absence of active inflammation (in the remitting mucosa), the
continued aberrant expression of these genes may facilitate
the growth of spontaneously occurring malignant epithelial
cells and/or promote disease relapse. Whether any of these
genes could serve as reliable predictors of progression to CRC
in UC patients requires further study:.
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Resum

Objectius. La Colitis Ulcerosa (CU) és una malaltia inflamatoria del colon. El
procediment de referencia actual per avaluar I'activitat de la malaltia és la colo-
noscopia ja que la precisié de la simptomatologia clinica és insuficient. L’objectiu
del present estudi és la identificacié de biomarcadors fiables i no invasius, a partir
de I'analisi transcripcional de sang periférica, que permetin predir la preséncia de

lesions intestinals i la resposta a tractaments en pacients amb CU.

Metodologia. Es recullen mostres de sang periferica d’un total de 152 paci-
ents amb CU en el moment de ’endoscopia. L’ARN de sang total de 25 pacients
amb CU i 20 controls sans és analitzat mitjancant microarrays. Un subconjunt
dels gens que es correlacionen amb I'activitat endoscopica de la malaltia son va-
lidats mitjancant PCR a temps real en una cohort independent de 111 pacients
amb CU. El poder predictiu d’aquests per a determinar lesions intestinals és ava-
luat. La resposta a tractament s’explora en una cohort longitudinal que inclou

16 casos amb CU tractats amb anti-TNF-« i seguits durant 14 setmanes.

Resultats. L’analisi de microarrays mostra 122 gens significativament alterats
en la sang de pacients de CU endoscopicament activa. Una correlacié significativa
amb el grau d’activitat endoscopica s’observa en varis gens, incloent HP, CD177,
GPRS84 i S100A12. Utilitzant HP com a transcript predictor de l'activitat en-
doscopica obtenim una precisio del 67,3%, mentre que utilitzant la PCR, la VSG
o el recompte de plaquetes la precisio és del 52,4, 45,2 1 30,3%, respectivament.
Finalment, després de 14 setmanes de tractament , la resposta a anti-TNF-« indu-
eix alteracions en I'expressio d’HP, CD177, GPRS84 i S100A12 en sang periferica

que es correlacionen amb els canvis de 'activitat endoscopica de la malaltia.

Conclusions. Els canvis transcripcionals observats en sang periferica de pa-
cients amb CU sén sensibles a la millora endoscopica i poden esdevenir una bona

eina per monitoritzar els pacients amb CU.
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Abstract

Background and Aims: Ulcerative colitis [UC] is a chronic inflammatory disease of the colon.
Colonoscopy remains the gold standard for evaluating disease activity, as clinical symptoms are
not sufficiently accurate. The aim of this study is to identify new accurate non-invasive biomarkers
based on whole-blood transcriptomics that can predict mucosal lesions and response to treatment
in UC patients.

Methods: Whole-blood samples were collected for a total of 1562 UC patients at endoscopy.
Blood RNA from 25 UC individuals and 20 controls was analysed using microarrays. Genes that
correlated with endoscopic activity were validated using real-time polymerase chain reaction in an
independent group of 111 UC patients, and a prediction model for mucosal lesions was evaluated.
Responsiveness to treatment was assessed in a longitudinal cohort of 16 UC patients who started
anti-tumour necrosis factor [TNF] therapy and were followed up for 14 weeks.

Results: Microarray analysisidentified 122 genes significantly altered in the blood of endoscopically
active UC patients. A significant correlation with the degree of endoscopic activity was observed in
several genes, including HP, CD177, GPR84, and S100A12. Using HP as a predictor of endoscopic
disease activity, an accuracy of 67.3% was observed, compared with 52.4%, 45.2%, and 30.3% for
C-reactive protein, erythrocyte sedimentation rate, and platelet count, respectively. Finally, at 14
weeks of treatment, response to anti-TNF therapy induced alterations in blood HP, CD177, GPR84,
and ST00A12 transcripts that correlated with changes in endoscopic activity.

Conclusions: Transcriptional changes in UC patients are sensitive to endoscopic improvement and
appear to be an effective tool to monitor patients over time.

Key Words: Gene expression; blood biomarkers; ulcerative colitis; anti-TNF-o.
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1. Introduction

Ulcerative colitis [UC] is a chronic inflammatory disease of the
colon. Disease is characterised by continuous mucosal inflamma-
tion,! which in most patients, follows a remitting and relapsing
course.? Disease activity can be determined by assessments of clini-
cal symptoms and endoscopic lesions.® Nonetheless, the potential
discrepancies between clinical symptoms and endoscopic lesions,* as
well as the association of mucosal healing with sustained remission
and reduced surgery requirements,>* makes mucosal healing a thera-
peutic objective in UC management.

Although endoscopy is the gold standard for assessing disease
activity and severity, it carries a considerable economic cost, discom-
fort for patients and, in severe cases, risk of procedure complica-
tions. Moreover, the need for endoscopic procedures may negatively
impact on patient recruitment in clinical trials. Consequently, con-
siderable efforts have been made to identify reliable non-invasive
biomarkers that can predict disease activity. Available serological
and faecal biomarkers, although widely used in clinical practice
and clinical trials, have low diagnostic accuracy for the detection of
ongoing inflammation, particularly in cases of mild or moderately
active UC.58

We and others have previously shown that transcriptional analy-
sis of intestinal biopsies is a useful tool for identifying not only disease
biomarkers, but also molecular mechanisms of intestinal inflamma-
tion.”"> Nonetheless, little evidence is available on the usefulness
and reliability of transcriptional changes in whole-blood samples in
patients suffering from inflammatory bowel disease [IBD].'*

Here, we assess the sensitivity of whole-blood transcriptional
changes to predict endoscopic lesions in UC. Whole-genome micro-
array analysis or real-time polymerase chain reaction [RT-PCR] of
total blood was used in a total of 152 UC patients undergoing endos-
copy to assess disease severity. Our study identifies and validates
blood transcriptional biomarkers that can be used in clinical settings
as predictors of endoscopic activity. Moreover, the sensitivity of the
identified blood biomarkers as surrogate indicators of response to
therapy was evaluated using a prospective cohort of patients receiv-
ing anti-tumour necrosis factor alpha [TNFa].

2. Materials and Methods

More detailed information is described in the supplementary materi-
als and methods [available as Supplementary data at ECCO-JCC
online].

2.1. Patient population and assessment of disease
activity

Two cohorts of patients were included in this study. The first cohort
came from a cross-sectional multicentre study, and included UC
patients who had undergone clinical and endoscopic evaluations.
From December 2012 to December 2015, 136 UC patients and 20
non-IBD controls {11 males; median age of 47 years (interquartile
range [IQR]: 38-54)} were recruited at the Hospital Clinic Barcelona
[Spain], the Hospital Universitari de Bellvitge [Spain], and the Clinical
Hospital of the Faculty of Medical Sciences, University of Campinas
[Brazil] [Table 1]. Non-IBD controls were those subjects undergoing
a screening colonoscopy for colorectal cancer and who had had a
normal examination. The second cohort came from an observational
prospective study at Hospital Clinic Barcelona [Spain], and included
UC patients who had been treated with an anti-TNFa antibody [inf-
liximab, adalimumab or golimumab] and followed up for 14 weeks.

All patients underwent clinical and endoscopic evaluations at Weeks
0 and 14. From January 2013 to September 2015, 16 UC patients
were included [Table 2]. Patients with concomitant infections were
excluded from both cohorts.

Institutional ethics committee approval was required in all cen-
tres and written informed consent was obtained for all patients.

As we hypothesised that changes in a systemic biomarker [such
as a transcript in blood] may be influenced by the inflammatory bur-
den [whole disease extension and activity at a given time point],"
two different endoscopic scores were reported; the endoscopic
Mayo score and the Modified Score [MS, sum of the endoscopic
Mayo score for the five colonic segments].'® For those cases with
incomplete colonoscopy [n = 16], the MS could not be calculated.
Endoscopic remission was defined as an endoscopic Mayo score or
MS =0.

2.2. Blood collection

Whole blood [2.5 ml] for RNA extraction was collected at the time
of endoscopy using the PAXgene Blood RNA System [PreAnalytiX
GmbH, Switzerland] according to the manufacturer’s instructions.
Blood was also collected for standard clinical tests (C-reactive pro-
tein [CRP], erythrocyte sedimentation rate [ESR], platelet count,
etc.) and to measure haptoglobin concentration [ADVIA Chemistry
System, Siemens Healthineers, Germany].

2.3. RNA isolation

Total blood RNA was isolated using the PAXgene Blood RNA Kit
[Qiagen, Spain] in a QIAcube instrument [Qiagene, Spain] follow-
ing the manufacturer’s instructions. Additional DNase Treatment &
Removal [Ambion, Life Technologies, USA] was used to safely elimi-
nate DNA contamination from RNA samples. Purity and integrity
of the total RNA were assessed with the 2100 Bioanalyzer [Agilent,
Germany]| and only samples with an RNA integrity number [RIN] >
7.0 were used. RNA was quantified using a NanoDrop spectropho-
tometer [Nanodrop Technologies, USA].

2.4. Microarray
The derived cDNA from whole blood [Group 1, Table 1], produced
by Ovation® PicoSL WTA System V2 [NuGEN, USA], was hybrid-
ised to high-density oligonucleotide Affymetrix GeneChip Human
Genome U133 Plus 2.0 Arrays [Affymetrix, USA] and raw data were
analysed using Bioconductor tools in R [version 3.1.0].17-23
Microarray raw data [.cel files] and processed data have been
deposited in the National Center for Biotechnology Information
[NCBI] ’s Gene Expression Omnibus?* and are accessible through
GEO Series accession number GSE94648 [https://www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc = GSE946438].

2.5. Quantitative RT-PCR

Microarray transcriptional data was validated using RT-PCR
analysis for a selected set of 23 target genes and four endogenous
controls [Supplementary Table 1, available as Supplementary data
at ECCO-JCC online]. Technical validation was performed in a
subset of samples previously evaluated by microarray. For biologi-
cal validation, an independent group of samples [Group 2, Table 1]
was employed.

Total RNA [500 ng] was transcribed to cDNA and real-time
PCR was performed using custom-designed TagMan Low Density
Arrays [TLDA platform, Applied Biosystems, Life Technologies,
USA].25
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Table 1. Clinical and demographic characteristics of UC patients from cohort 1. Patients with UC are divided into active or remission, based
on their endoscopic Mayo scores. Continuous variables are described as median and IQR, and categorical variables as absolute frequen-

cies and percentages; p-values from non-parametric tests are shown.

Cobhort 1: Clinical and demographic characteristics

Active UC Remission UC p-Value

Total 103 33 —
Microarray [Group 1]
Total 17 8 —
Gender 0.39
Male 12 [70.6%] 4[50%]
Female 51[29.4%] 4[50%]
Age [years] 45 [35-54] 52 [43-57] 0.22
Duration of disease [years] 9[3-12] 13 [13-22] <0.01
Extent of disease 0.14

Proctitis 1[5.9%] 3[37.5%]

Left-sided colitis 12 [70.6%] 3[37.5%]

Extensive colitis 4123.5%)] 2 [25%]
Medication 0.88

No treatment 2 [11.8%)] 2 [25%]

5-ASA 10 [58.8%] 5[62.5%]

Immunosuppressors 2 [11.8%] 1[12.5%]

Anti-TNF 2 [11.8%] 01[0%]

Steroids 1[5.9%] 0[0%]

Combined therapy 0[0%] 0[0%]
CRP [mg/dL] 1.1 [0.3-1.8] 0.2 [0.02-0.3] <0.01
ESR [mm/h] 16.0 [7.0-22.8] 16.0 [12.0-18.3] 0.94
Platelet count [10729/L] 320 [291-381] 233 [189-386] 0.14
Global Mayo Score 7 [5-8] 0 [0-0] <0.01
Endoscopic Mayo Score —

Score 0 0[0%] 8 [100%]

Score 1 1[5.9%] 01[0%]

Score 2 4[23.5%] 0[0%]

Score 3 12 [70.6%)] 0[0%]
N/L Ratio 3.3 [2.6-3.5] 2.6 [2.2-2.9] 0.20
Real-Time PCR [Group 2]
Total 86 25 —
Gender 0.25
Male 53 [61.6%] 12 [48%]
Female 33 [38.4%] 13 [52%]
Age [years] 45 [36-56] 50 [37-60] 0.42
Duration of disease [eayrs] 9 [4-15] 15 [11-23] <0.01
Extent of disease 0.38

Proctitis 21 [24.4%] 3 [12%]

Left-sided colitis 25[29.1%] 9 [36%]

Extensive colitis 40 [46.5%] 13 [52%]
Medication 0.07

No treatment 414.7%] 4[16%]

5-ASA 32 [37.2%] 13 [52%]

Immunosuppressors 18 [20.9%] 5120%]

Anti-TNF 7 [8.1%] 2 [8%]

Steroids 11 [12.8%] 0[0%]

Combined therapy 14 [16.3%] 1[4%]
CRP [mg/dL] 0.84 [0.17-2.24] 0.12 [0.03-0.5] <0.01
ESR [mm/h] 11.5[7.0-26.5] 10.0 [5.5-15.5] 0.25
Platelet count [1079/L] 279 [228-323] 252 [194-273] 0.03
Global Mayo Score 6 [2-8.8] 0 [0-0] <0.01
Endoscopic Mayo Score —

Score 0 0[0%] 25 [100%]

Score 1

Score 2

Score 3
MS

24 [27.9%)

21 [24.4%)

41 [47.7%)]
4[2-7.8]
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Table 1. Continued

Cohort 1: Clinical and demographic characteristics

Active UC Remission UC p-Value
Neutrophils [%] 64.5[57.1-68.7] 61 [54.5-68.2] 0.27
Neutrophil count [1029/L] 3.9[3.0-5.9] 3.6 [2.9-4.9] 0.28
N/L ratio 2.8[1.9-3.2] 2.1[1.5-3.1] 0.16

UG, ulcerative colitis; IQR, interquartile range; 5-ASA, S-aminosalicylic acid; TNFE, tumour necrosis factor;CRP, C-reactive protein; ESR, erythrocyte sedimen-

tation rate; RT-PCR, real-time polymerase chain reaction; N/L ratio; neutrophil-lymphocyte ratio; MS; Modified Score [sum of endoscopic Mayo score of each

segment], only available for patients with complete endoscopy procedure [ = 95].

Table 2. Clinical and demographic characteristics of UC patients from cohort 2. Patients’” demographics and clinical characteristics at
screening [Week 0] and at Week 14. Continuous variables are described as median and IQR, and categorical variables as absolute frequen-
cies and percentages; p-values from paired analysis between Weeks 0 and 14 are shown.

COHORT 2: Clinical and demographic characteristics

Number of cases 16
Gender [male/female]
Male 9[56.3%]
Female 7 [43.7%]
Age [years] 41 [35-53]
Duration of disease [years] 6 [3-18]

Extent of disease
Proctitis 0[0%]
Left-sided colitis
Extensive colitis

Week 0 Week 14 p-Value

Medication <0.01

No treatment 2 [12.5%)] 01[0%]

5-ASA 11[6.3%] 0[0%]

Immunosuppressors 10 [62.5%] 0[0%]

Anti-TNF 2 [12.5%] 6[37.5%]

Steroids 11[6.3%] 0[0%]

Combined therapy 0[0%] 10 [62.5%]
CRP [mg/dL] 2[0.4-3.7] 0.5 [0.04-1.9] 0.04
ESR [mm/h] 43 [17.5-66.5] 32 [15.5-44] 0.12
Platelet count [1079/L] 368 [252-503] 265 [208-504] 0.50
Global Mayo Score 9 [8-9] 6 [2-9] <0.01
Endoscopic Mayo Score 0.01

Score 0 0[0%] 11[6.3%]

Score 1 01[0%] 3[18.7%]

Score 2 3 [18.7%] 3 [18.7%]

Score 3 3[81.3%] 9156.3%]
MS 9 [5.8-12] 7 [2-9.8] 0.04
Neutrophils [%] 69.2 [59.6-79.1] 3.6 [56.7-73.42] 0.29
Neutrophil count [1079/L] 5.8 [3.7-7.5] 3 2 [2.5-6.2] 0.09
N/L ratio 3.7 [2.6-6.2] 2.8 [2.1-4.4] 0.02

UG, ulcerative colitis; IQR, interquartile range; 5-ASA, 5-aminosalicylic acid; TNF, tumour necrosis factor; CRP, C-reactive protein; ESR, erythrocyte sedimenta-

tion rate; N/L ratio; neutrophil-lymphocyte ratio; MS; Modified Score [sum of endoscopic Mayo score of each segment].

“These two cases were treated with an anti-TNFa drug, but stopped due to no response and started a different one.

2.6. Statistical analysis

Continuous variables were described as median and IQR, and
categorical variables as absolute frequencies. Pearson’s product
moment correlation coefficient was applied for continuous variables
in order to identify the linear association between paired samples.
The Spearman rank correlation coefficient was applied in order to
test any associations between continuous and ordinal variables or
between continuous variables without assuming a linear relation-
ship. The relationship between categorical variables was assessed by
Fisher’s exact test. The Mann-Withney-Wilcoxon and Kruskal-Wallis

tests were carried out to analyze the statistical significance of dif-
ferences between groups [difference between two populations or
among more than two populations, respectively]. To correct for
multiple testing, the method of Benjamini and Hochberg? was
used. The logistic regression was used to predict endoscopic activity,
and the lasso regression analysis method [least absolute shrinkage
and selection operator] was performed for variable selection.?® The
receiver operating characteristic [ROC] area under the curve [AUC]
was then calculated to assess the ability to detect mucosal lesions in
our models, and the DeLong’s test was used to determine significant
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differences between the ROC curves. A p-value < 0.05 was consid-
ered statistically significant. All analyses were performed using R
statistical environment [V.3.1.0].

3. Results

3.1. Whole-blood transcriptional analysis identifies
changes in gene expression associated with the
presence of endoscopic mucosal lesions in UC

We first carried out whole-blood microarray transcriptional analysis
of 25 UC patients with endoscopically active disease [# = 17] or
in remission [z = 8] [Table 1, Group 1] and 20 non-IBD controls.
This analysis revealed a set of 122 genes [80% upregulated] whose
expression significantly changed in the peripheral blood of UC
patients with endoscopic lesions compared with those in remission
and non-IBD controls [Figure 1A, B; and Supplementary Table 2,
available as Supplementary data at ECCO-JCC online]. The changes
in blood gene expression associated with disease activity were mod-
est. Only 15 of the identified 122 genes showed a greater than 2-fold
change compared with non-IBD individuals and UC patients in
endoscopic remission. A sizeable proportion of the identified genes
are related to neutrophils: CD177,”” haptoglobin [HP],*® G-protein
coupled receptor 84 [GPR84],”° hexokinase 3 [HK3],3*3! arginase

A B

Bl Active UC (n=17)

1 [ARG1],** annexin A3 [ANXA3],**** and S100 calcium binding
protein A12 [S100A12].%

In order to validate these findings, we performed RT-PCR for a
selected set of 23 genes [Supplementary Tables 1 and 2] in an inde-
pendent group of UC patients [Table 1, Group 2]. We confirmed eight
genes that are significantly altered in endoscopically active |7 = 86]
compared with non-active [# = 25] UC patients [Figure 1B, C;
Supplementary Table 3, available as Supplementary data at ECCO-
JCC online].

3.2. Transcriptional changes in blood correlate with

the degree of endoscopic disease activity

Next, we assessed whether whole-blood transcription could discrimi-
nate UC patients based on the degree of endoscopic disease severity
[Table 1, Group 2]. We hypothesised that changes in a systemic bio-
marker [such as a transcript in blood] may be influenced by both sever-
ity and extension of the disease [inflammatory burden]. In order to
test our hypothesis, two approaches were undertaken. First, we deter-
mined the correlation between gene expression and the endoscopic
Mayo score; second, we assessed the correlation between gene expres-
sion and the MS [Modified Score; as a surrogate measure of inflam-
matory burden, see Materials and Methods]. The endoscopic Mayo
score and the MS were highly correlated [Spearman’s rank correlation
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Figure 1. Whole-blood transcriptional profile associated with the presence of endoscopic mucosal lesions in UC. [A] Heatmap representation of differentially
expressed genes in peripheral blood from UC and non-IBD controls according to microarray analysis [Table 1, Group 1]. A total of 122 differentially expressed genes
in active UC patients [endoscopic Mayo score > 1] compared with non-IBD controls and UC patients in remission [endoscopic Mayo score = 0] are represented and
the 15 genes with a fold-change above 2 are highlighted. Up-regulated genes are shown in red and down-regulated genes are shown in green. Each row shows
one individual gene and each column an experimental sample. Unsupervised hierarchical cluster method using Pearson distance and average linkage method was
applied for gene and sample classification. Samples from non-IBD controls [shown in skyblue, n = 20], remission UC patients [shown in gold, n = 8], and active
UC patients [shown in indianred, n = 18] are shown. [B] Bar plot representation [mean + MSE] of microarray data for the eight genes that have been validated by
RT-PCR [Table 1, Group 1]. Samples from non-IBD controls [shown in skyblue, n=20], remission UC patients [shown in gold, n=8], and active UC patients [shown in
indianred, n = 18] are shown. [C] Bar plot representations [mean + MSE] of the eight genes validated by RT-PCR in peripheral blood from UC patients [Table 1, Group
2]. Samples from remission UC patients [shown in gold, n = 25] and active UC patients [shown in indianred, n = 86] are shown; *P < 0.05, **P < 0.01 by pairwise
Wilcoxon test. UC, ulcerative colitis; IBD, inflammatory bowel disease; MSE, mean squared error; RT-PCR, real-time polymerase chain reaction.
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Figure 2. Association between blood transcripts and serological biomarkers with the degree of endoscopic inflammation. [A] Representations of probability
density function of Modified Score [MS] for each endoscopic Mayo score. Density function of UC patients from Group 2 [Table 1] with endoscopic Mayo score
equals 0 [n = 25, shown in gold], patients with endoscopic Mayo score = 1 [n = 22; shown in skyblue], patients with endoscopic Mayo score = 2 [n = 19; shown
in seagreen], and patients with endoscopic Mayo score = 3 [n = 29; shown in darkblue] are shown. [B] Bar plot representation [mean + MSE] of HP, CD177,
GPR84, and S100A12 gene expression from RT-PCR analysis. Patients are categorised by endoscopic Mayo score; patients with endoscopic Mayo score =0 [n =
25, shown in gold], patients with endoscopic Mayo score = 1 [n = 24; shown in skyblue], patients with endoscopic Mayo score = 2 [n = 21; shown in seagreen],
and patients with endoscopic Mayo score = 3 [n = 41] shown in darkblue] are shown. Additionally, the data point of each observation is represented in the
plot; *p < 0.05, **p < 0.01 by pairwise Wilcoxon test. The Spearman’s rho and p-value are also shown. [C] Correlation between MS and gene expression of HP,
CD177, GPR84, and S100A12 [RT-PCR data]. The linear regression model and Spearman’s rho and p-value are shown. [D] Bar plot representation [mean + MSE]
of CRP, ESR, and platelet count by endoscopic Mayo score [same observations as panel B]; *p < 0.05, **p < 0.01 by pairwise Wilcoxon test. The Spearman’s rho
and p-value are also shown. [E] Correlation between MS and CRP, ESR, and platelet count [same observations as panel C]. The linear regression model and
Spearman’s rho and p-value are shown. UC, ulcerative colitis; MSE, mean squared error; RT-PCR, real-time polymerase chain reaction; CRP, C-reactive protein;
ESR, erythrocyte sedimentation rate.
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test, p < 0.05; rho = 0.9], but MS better reflected the accumulated
inflammation along the colon [Figure 2A]. The higher the endoscopic
Mayo score, the more flattened was the MS density function due to
an increased range of disease extension. Examining the association of
gene expression with the endoscopic disease activity, we identified 20
genes that significantly correlated with the endoscopic Mayo score
and 18 genes that significantly correlated with MS [Spearman’s rank
correlation test, p < 0.05; rho > 0.2] [Table 3]. A total of 16 genes were
common, with HP, CD177,and GPR84 being those with the strongest
relationship in both cases [Figure 2B, C]. Also significant was the rela-
tionship with the inflammation-related molecule ST00A12. Moreover,
pairwise analysis of the interrogated genes revealed HP, CD177, and
GPR84 as the only ones significantly regulated in patients with an
endoscopic Mayo score of 2 compared with 0 [Table 3 and Figure 2B].
None of the genes was able to detect changes between patients with an
endoscopic Mayo score of 1 compared with 0.

Furthermore, the association between routinely used blood bio-
markers [CRP, ESR, and platelet counts] and endoscopic disease
activity was explored [Supplementary Table 3 and Figure 2D, E].
Although significant correlations of the biomarkers with disease
severity were observed, pairwise analysis revealed significant changes
when comparing mild, moderate, or severe activity with inactive UC
only for CRP [elevated exclusively in severe disease]. Additionally,
given the neutrophil-related signature we had identified, we explored
the potential relationship between neutrophil counts and endoscopic
disease activity and found no significant associations [Supplementary

Table 3 and Supplementary Figure 1, available as Supplementary
data at ECCO-JCC online].

3.3. Haptoglobin [HP] is the best transcript for
predicting mucosal lesions in UC patients

Within the subset of genes whose expression best correlates with
endoscopic disease severity, we found HP as the best gene to pre-
dict the presence of active mucosal lesions in UC patients. The logis-
tic regression model for endoscopic activity prediction [endoscopic
Mayo score: 0 versus > 1] was assessed. The fitted model demon-
strated a significant effect of HP [p < 0.001], with an odds ratio [OR]
of 1.9 (95% confidence interval [CI]: 1.35-2.78) and an AUC = 0.75
[95% CI: 0.64-0.85]. Defining a cut-off of -2.9 DCt, the sensitiv-
ity and specificity were 63.5% and 80.0%, respectively [Table 4 and
Figure 3—red line]. To evaluate the reproducibility of the model, a
10-fold cross-validation was done, obtaining an AUC = 0.70 [95%
CI: 0.59-0.82] [Figure 3—darkblue dashed line]. Given that no sig-
nificant differences were found in the transcription of HP in blood
between patients with an endoscopic Mayo score of 0 and 1, the
power of HP to predict moderate to severe inflammation [endo-
scopic Mayo score of 2 or 3] compared with no or mild inflammation
[endoscopic Mayo score of 0 or 1] was explored. The fitted model
similarly revealed a significant effect of HP [p < 0.001], with an odds
ratio [OR] of 1.8 [95% CI: 1.36-2.50] and an AUC = 0.73 [95%
CL: 0.63-0.82]. Defining a cut-off of -2.5 DCt, the sensitivity and

Table 3. List of genes assessed by RT-PCR in UC patients [Table 1, Group 2]. For each target gene, comparisons between inactive [endo-
scopic Mayo score = 0; n = 25] and active [endoscopic Mayo score > 1; n = 86] UC patients using the Wilcoxon test, the correlation of the
transcriptional profile and the endoscopic activity [endoscopic Mayo score and MS] using the Spearman rank correlation coefficient, and
the pairwise analysis of endoscopic Mayo score using an adjusted Wilcoxon test for multiple comparisons was carried out. The p-value or
Benjamini-Hochberg adjusted p-value [FDR] and the mean fold-change [Fch] are shown for each comparison.The p-value and rho value are

shown for the Spearman correlation.

Wilcoxon Spearman correlation Pairwise analysis Spearman
correlation
Active vs inactive Endoscopic Mayo score Score 1 vs 0 Score 2 vs 0 Score 3 vs 0 MS

Gene p-Value Fch P-value rho FDR Fch FDR Fch FDR Fch p-Value rho

HP 0.000 2.656 0.000 0.471 0.105  1.633 0.026  1.894 0.000 4.246 0.000 0.465
CD177 0.001 5.825 0.000 0.370 0.120  3.000 0.043  4.091 0.001  10.294  0.001 0.338
GPR84 0.001 1.973 0.000 0.393 0.119  1.276 0.025  1.507 0.002  2.925 0.000 0.362
CST7 0.005 1.518 0.001 0.321 0.199  1.249 0.192  1.280 0.007  1.842 0.002 0.319
S100A12 0.017 1.877 0.001 0.309 0.423  1.250 0.101  1.724 0.026  2.493 0.022 0.243
ARG1 0.036 1.507 0.001 0.302 0.796  1.155 0.366  1.219 0.016 1.963 0.124 0.160
ANXA3 0.037 1.811 0.001 0.336 0.533  1.263 0210  1.482 0.029  2.582 0.005 0.318
ANKRD22  0.048 1.637 0.005 0.280 0.980  1.032 0.108  1.526 0.088  2.108 0.041 0.221
ZDHHC19  0.050 1.879 0.002 0.293 0.627  1.183 0.520  1.305 0.035 2.918 0.019 0.244
HK3 0.054 1.289 0.001 0.313 0.929  1.042 0.537  1.125 0.017  1.564 0.016 0.247
GALNT14 0.057 1.589 0.000 0.360 0.939 1.063 0.630 1.214 0.006  2.278 0.009 0.276
CARD16 0.075 1.180 0.001 0.315 0.976  -1.033  0.581  1.087 0.017  1.383 0.005 0.285
CASPS 0.081 1.263 0.050 0.187 0.440  1.205 0.440 1.194 0.440  1.338 0.033 0.220
AIM2 0.105 1.274 0.002 0.318 0.948 -1.147  0.659 1.116 0.027  1.651 0.015 0.271
TLRS 0.144 1.314 0.007 0.255 0.806  -1.001  0.533  1.248 0.082  1.573 0.039 0.213
MMP9 0.147 1.448 0.008 0.252 0.759  1.053 0.421  1.182 0.116  1.927 0.042 0.209
CA4 0.161 1.261 0.028 0.209 0.874  1.113 0.874  1.054 0.224  1.487 0.322 0.103
C10B 0.254 1.214 0.263 0.108 0.814  1.048 0.586  1.349 0.586  1.254 0.028 0.227
CLEC4D 0.364 1.224 0.001 0.299 0.126  -1.244  0.358 1.163 0.046  1.606 0.019 0.240
FBXO6 0.456 1.135 0.032 0.203 0.831  -1.022  0.831 -1.035  0.157 1.343 0.051 0.201
SLC26A8 0.465 1.168 0.011 0.241 0.327 -1.236  0.948 1.050 0.095  1.530 0.035 0.216
TDRDY 0.659 1.238 0.030 0.206 0.623  -1.064 0.329 -1.081 0.088 1.690 0.268 0.115
CD274 0.964 1.109 0.248 0.114 0.503 -1.236 0.919 1.086 0.594  1.318 0.147 0.154

UC, ulcerative colitis; RT-PCR, real-time polymerase chain reaction; MS, Modified Score.



1342

N. Planell et al.

specificity were 60.7% and 81.6%, respectively [Table 4 and Figure
3—green line]. The 10-fold cross-validation showed an AUC = 0.71
[95% CI: 0.61-0.80] [Figure 3—skyblue dashed line]. Both approxi-
mations gave similar results, showing HP to have fair discrimination
ability in predicting mucosal lesions in UC patients.

Moreover, serological protein levels of HP were measured for
the majority of patients [7 = 98] from Group 2 [Table 1] and a

Receiver Operating Characterisitc (ROC) Curve
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Figure 3. Predictive power of haptoglobin [HP] gene for disease activity in
UC patients. The receiver operating characteristic curve [ROC] is shown for
different models. Red line shows the ROC curve from Model 1, where the
binary response is defined as inactive [endoscopic Mayo score 0] versus
active [endoscopic Mayo score 1-3]. The darkblue dashed line shows the
10-fold cross-validation from Model 1. Green line shows the ROC curve from
Model 2, where the binary response is defined as inactive [endoscopic Mayo
score 0-1] versus active [endoscopic Mayo score 2-3]. The skyblue dashed
line shows the 10-fold cross-validation from Model 2. The cut-off points
associated with the best specificity and sensitivity are shown [dots] for each
Model. The AUC of each ROC curve are shown. UC, ulcerative colitis; AUC,
area under the curve.

significant correlation with endoscopic disease activity and a fair
predictive accuracy were observed [Table 4; Supplementary Figure 2,
available as Supplementary data at ECCO-JCC online].

Although the diagnostic accuracy of HP is superior to that obtained
from the widely used clinical biomarkers for IBD activity [CRP, ESR,
and platelet count| and serological HP, no significant differences were
found between ROC curves [DeLong’s test p-value > 0.05] [Table 4].

3.4. Changes in blood transcriptional biomarkers
correlate with response to anti-TNFo therapy
Finally, the ability of the identified transcriptional biomarkers [HP,
CD177, GPR84, and S100A12] to evaluate changes in endoscopic
activity in response to biological therapy was assessed. A cohort of UC
patients with active disease starting anti-TNFa treatment [7 = 16] were
followed up over 14 weeks. Table 2 reports the clinical and endoscopic
parameters at Weeks 0 and 14. Despite the fact that only four patients
achieved an endoscopic Mayo score < 1 at Week 14, a decrease in the
global severity or extension of the endoscopic lesions was observed
in the majority of cases. By reporting the MS, we identify a reduc-
tion of MS of at least 1 point in 10 cases, no changes in four, and
worsening in two [Figure 4A]. In contrast, only five cases showed an
endoscopic response based on the endoscopic Mayo score [reduction
in endoscopic Mayo score of at least 1 point] and no changes were
detected in the remaining cases. Furthermore, a better concordance
is observed between the response based on the Global Mayo score
and MS compared with the endoscopic Mayo score [Supplementary
Figure 3, available as Supplementary data at ECCO-JCC online]. This
highlights the importance of reporting both disease extension and
activity to accurately reflect changes in disease activity over time.
Importantly, we found that a decrease in the expression of HP,
CD177, GPR84, and S100A12 was associated with a reduction in
the MS. As shown in Figure 4B, the changes observed in the tran-
scription of those genes permitted differentiation between those
patients who, based on MS, endoscopically improved [blue dots]
and those who worsened or did not change [red dots]. Interestingly,
in two patients [black arrows], expression of the transcriptional
biomarkers decreased at Week 14 despite no improvement in their
MS. Although in both patients an improvement in the severity of the
disease [a marked decrease in the number of ulcers] was reported,
the ulcers persisted in all involved segments and therefore no change
in the endoscopic score [endoscopic Mayo score of 3, or MS of 15
and 9] was noted. The behaviour of serological markers as well as

Table 4. Diagnostic accuracy of haptoglobin gene expression and serological CRP, ESR, platelet counts, and HP protein for the detection
of endoscopically active disease in ulcerative colitis. For each variable, the AUC is given and the sensitivity [Se], specificity [Sp], positive
predictive value [PPV], negative predictive value [NPV], and accuracy were calculated and are shown as percentages based on the defined
cut-off points.The CRP [normally < 1 mg/dL], ESR [normally < 20 mm/h], and platelet count [normally < 400- 1079/L] cut-offs were defined

according to the normal levels.

Biomarker AUC Cut-off Se Sp PPV NPV Accuracy
HP transcript [DCt] 0.75 -2.9 DCt* 63.5 80.0 91.5 39.2 67.3
HP transcript [DCt] 0.73 -2.5 DCt" 60.7 81.6 80.4 62.5 70.0
CRP [mg/dL] 0.72 1 mg/dL 43.2 83.3 89.7 30.3 52.4
ESR [mm/h] 0.60 20 mm/h 34.5 86.7 90.9 25.5 45.2
Platelet count [10"9/L] 0.66 400-1079/L 12.7 100 100 22.5 30.3
HP protein[g/L] 0.70 1.32 g/L? 48.7 90.9 94.9 33.9 58.2

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; AUC, area under the curve.

2Cut-off point resulted from the regression model with binary response defined as inactive [Endoscopic Mayo score 0] versus active [Endoscopic Mayo score

1-3].

bCut-off point resulted from the regression model with binary response defined as inactive [Endoscopic Mayo score 0-1] versus active [Endoscopic Mayo

score 2-3].
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Figure 4. Changes in whole-blood transcriptional profiles are associated with endoscopic progression in UC patients after 14 weeks of anti-TNFa treatment. [A]
Distribution of MS in patients with UC before and after anti-TNFa treatment [n = 16, Table 2]. Each dot represents an individual patient at Week 0 or 14. Dot colour
corresponds to endoscopic Mayo score and the colour of the connecting line to the endoscopic progression [assessed by MS]. Blue connecting line corresponds

to mucosal improvement [n = 10] and red connecting line to no improvement or worsening [n = 6]. [B] Dot plot representation of HP, CD177, GPR84, and
S100A12 gene expression changes after 14 weeks of anti-TNFa treatment. Y-axis shows the difference between gene expression at Weeks 14 and 0. [C] Dot plot
representation of CRP, ESR, platelet count, and serological HP changes after 14 weeks of anti-TNFa treatment. Y-axis shows the difference between biomarker
levels at Weeks 14 and 0. Black dashed line at point 0 denotes no changes in gene expression. Based on MS, individuals with mucosal improvement [shown in
blue, n = 10] and those without improvement or worsening [shown in red, n = 6] are shown. Black arrows show two samples without mucosal improvement
[based on MS], but decreased gene expression after treatment. Median + IQR are represented. UC, ulcerative colitis; MS, Modified Score; CRP, C-reactive protein;
ESR, erythrocyte sedimentation rate; TNF, tumour necrosis factor; IQR, interquartile range.

serum HP protein before and after treatment was also evaluated and
showed no significant association with the mucosal changes with the
exception of CRP [Table 2 and Figure 4C].

4. Discussion

The importance of monitoring local inflammatory activity in IBD
is becoming increasingly clear. There can, however, be discrepancies
between clinical symptoms and the severity of mucosal lesions. In
this context, clinical trials relying on clinical scores to assess activity
at inclusion or efficacy as an endpoint, may result in high placebo
response rates, as well as unreliable un-reproducible results.

Blood transcriptional signatures have been explored in infec-
tious and autoimmune systemic diseases and cancer.’*** The use of
whole-blood transcriptional analysis to detect disease activity none-
theless remains a largely unexplored tool in IBD. Compared with the
dramatic transcriptional changes observed in the intestinal mucosa

of patients with active inflammation, the degree of transcriptional
regulation in blood, even in patients with severe disease, is remark-
ably low. This is not entirely unexpected, given that circulating cells
may only partially reflect changes in the mucosa of UC patients.
Nonetheless, using sensitive RT-PCR analysis, we can predict endo-
scopic mucosal lesions in patients with UC.

Our data reveal the important contribution of neutrophils to the
systemic inflammatory response in UC patients. We show that expres-
sions of neutrophil-related genes [including CD177, HP, S100A12,
ARG1,and ANXA3], rather than total neutrophil numbers, are surro-
gate markers of endoscopic activity. Remarkably, an increase in serum
and faecal concentrations of ST00A12 protein had been previously
shown to correlate with disease activity in IBD patients.>*’ In contrast,
the increased levels of serum calprotectin [ST00A8/A9], described as
a new diagnostic and prognostic marker in IBD,* were not observed
here at a transcriptional level. Similarly, the neutrophil gelatinase
B-associated lipocalin [LCN2] and the matrix metalloproteinase-9
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[MMP9] complex have been proposed as surrogate serum markers for
assessing mucosal healing in UC,* but were not transcriptionally reg-
ulated in blood from our patient cohort. Along the same lines, whereas
we identified HP transcript as a sensitive predictor of mucosal lesions
and therapy response, changes in serum HP are not sensitive to such
alterations. HP protein is primarily synthesised by hepatocytes* but it
has also been described as a specific granule protein of neutrophils,?®
which could explain the transcript detection at the blood level and the
moderate correlation between transcript and protein measurements
[r = 0.40]. Altogether, this suggests that although changes in serum
proteins due to disease activity can originate in other tissues [eg liver,
intestine], transcription consistently reflects changes in the activa-
tion and abundance of cells present in the peripheral compartment.
Therefore, blood transcription and serum protein concentrations may
not necessarily reflect the same biological processes.

Besides secreted or granule-associated proteins, we also identi-
fied the cell membrane proteins CD177 and GPR84 as predictors of
endoscopic lesions. CD177 is a neutrophil-specific GPI-anchored gly-
coprotein normally expressed on a subpopulation of neutrophils.*
Although there are controversial results, the preferential recruit-
ment of CD177* neutrophils towards inflamed tissues has been
suggested,” and the increased protein and transcripts for CD177
have been described in bacterial infections, polycythaemia vera, and
ANCA-associated vasculitis as well as in response to G-CSF stimula-
tion.?’* Interestingly, elevated expression of both CD177 and HP
genes in whole blood has been closely associated with ipilimumab-
induced colitis in advanced melanoma patients, also suggesting
that neutrophils potentially play a broader role in immune-related
colonic disorders.*’

GPR84, mainly expressed by leukocytes, is a G protein-coupled
receptor that has been described as a putative receptor for medium-
chain fatty acids [MCFAs] which elicits neutrophil and macrophage
chemotaxis.?” The efficacy of inhibiting GPR84 has been studied in
a mouse chronic colitis model and in human UC patients [clinical
trial: NCT02337608]. Although a diminution of colonic lesions and
a reduction in neutrophil infiltrate was observed in mouse,* results
in human showed safety and tolerance but the study did not meet the
efficacy endpoints.* Nevertheless, our data points to the potential
use of this gene as a biomarker of disease activity.

Taken together, we provide insights on new and promising
minimally invasive biomarkers capable of predicting endoscopic
mucosal lesions in patients with UC. We realise that the lack of
faecal calprotectin [FC] represents the major drawback of our
study, as FC has demonstrated to be the best biomarker of endo-
scopic activity.'” Despite considerable efforts to collect this bio-
marker in our study cohorts, there remained a large number of
missing values, rendering it impossible to include this datum in
the analysis and restricting our study to the use of other avail-
able biomarkers with poor correlation with endoscopic activity,
like CRP, ESR, and platelet counts. The difficulties in FC sam-
pling were also pointed out in the first clinical study that used
FC as a primary endpoint.’® Nonetheless, the results obtained by
Sandborn et al.’! regarding the ability of FC to predict endoscopic
remission are remarkably similar to the prediction power of HP
in our study [Supplementary File 1, available as Supplementary
data at ECCO-JCC online|. Whereas additional studies should be
done, as the total number of patients with endoscopically inactive
disease in our cohort is limited, we would like to stress that with
potentially comparable predictive values, whole-blood biomarkers
can offer practical advantages in clinical practice compared with
faecal biomarkers.

Another limitation, as distinct inflammatory mechanisms have
been suggested between early and late inflammatory bowel dis-

5254 could be the difference in disease duration between our

eases,
active and inactive patients. However, no significant correlation
between disease duration and expression of the selected transcrip-
tional biomarkers was found.

Importantly, our data reveal the sensitivity of the identified blood
biomarkers to mirror changes in local inflammatory activity in UC
patients following induction therapy. Although our results are prom-
ising, they are derived from a relatively small number of patients
and restricted to anti-TNFa therapy. It will be necessary to validate
the usefulness of the identified biomarkers in predicting response to
drugs with mechanisms of action that differ from those of TNFa
blockade. Interestingly, whole-blood CD177, HP, and GPR84 tran-
scripts were found at higher levels in corticosteroid-resistant children
with severe UC compared with corticosteroid-responsive children,'*
suggesting these are also sensitive to the effect of corticosteroids.

In summary, our study has the merit of assessing in a multicen-
tric cohort the usefulness of transcriptional blood analysis to pre-
dict endoscopic disease activity. By starting with a whole-genome
approach, we were able to identify transcripts with the potential to
change based on the presence of endoscopic lesions. Importantly, we
validated a subset of genes in a large group of patients with a wide
range of endoscopic activity and disease extent. More importantly,
the transcriptional blood biomarkers were tested for responsiveness
in a prospective cohort and proved to be sensitive to changes in
endoscopic disease activity.

Funding

This work was supported by Boehringer Ingelheim Pharmaceuticals and the
Leona and Harry Helmsley Trust.

Conflict of Interest

SV is an employee of Boehringer Ingelheim Pharmaceuticals. The authors
declare that they have no competing interests.

Acknowledgments

We gratefully acknowledge all patients for their selfless participation. We also
thank Joe Moore for editorial assistance.

Author Contributions

AS and JP designed the study; MCM, 1O, IJA, ER, AR, RFL, MLSA, LR, and
JG recruited patients; LR, 10, IJA, ER, AR, RFL, MLSA, and CSRC assessed
clinical disease activity; RFL, NP, MCM, and ME performed the experiments;
NP and JJL carried out bioinformatic and biostatistic analysis; SV participated
in the discussion; and AS, NP, and JP wrote the manuscript.

Supplementary Data

Supplementary data are available at ECCO-JCC online.

References

1. Ordas [, Eckmann L, Talamini M, Baumgart DC, Sandborn WJ. Ulcerative
colitis. Lancet 2012;380:1606-19.

2. Solberg IC, Lygren I, Jahnsen ], et al.; IBSEN Study Group. Clinical
course during the first 10 years of ulcerative colitis: results from a pop-
ulation-based inception cohort [IBSEN Study]. Scand | Gastroenterol
2009;44:431-40.



Blood biomarkers in ulcerative colitis

1345

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24,

Schroeder KW, Tremaine W], Ilstrup DM. Coated oral 5-aminosalicylic
acid therapy for mildly to moderately active ulcerative colitis. A rand-
omized study. N Engl ] Med 1987;317:1625-9.

Rosenberg L, Lawlor GO, Zenlea T, et al. Predictors of endoscopic inflam-
mation in patients with ulcerative colitis in clinical remission. Inflamm
Bowel Dis 2013;19:779-84.

Colombel JF, Rutgeerts P, Reinisch W, et al. Early mucosal healing with
infliximab is associated with improved long-term clinical outcomes in
ulcerative colitis. Gastroenterology 2011;141:1194-201.

Stidham RW), Higgins PD. Value of mucosal assessment and biomark-
ers in inflammatory bowel disease. Expert Rev Gastroenterol Hepatol
2010;4:285-91.

D’Haens G, Ferrante M, Vermeire S, et al. Fecal calprotectin is a surrogate
marker for endoscopic lesions in inflammatory bowel disease. Inflamm
Bowel Dis 2012;18:2218-24.

Lemmens B, Arijs I, Van Assche G, et al. Correlation between the endo-
scopic and histologic score in assessing the activity of ulcerative colitis.
Inflamm Bowel Dis 2013;19:1194-201.

Boland BS, Boyle DL, Sandborn WJ, ef al. Validation of gene expression
biomarker analysis for biopsy-based clinical trials in Crohn’s disease.
Inflamm Bowel Dis 2015;21:323-30.

Leal RE Planell N, Kajekar R, et al. Identification of inflammatory media-
tors in patients with Crohn’s disease unresponsive to anti-TNFa therapy.
Gut 2015;64:233-42.

Planell N, Lozano JJ, Mora-Buch R, et al. Transcriptional analysis of the
intestinal mucosa of patients with ulcerative colitis in remission reveals
lasting epithelial cell alterations. Gut 2013;62:967-76.

Roman J, Planell N, Lozano JJ, et al. Evaluation of responsive gene expres-
sion as a sensitive and specific biomarker in patients with ulcerative colitis.
Inflamm Bowel Dis 2013;19:221-9.

Wu E, Dassopoulos T, Cope L, et al. Genome-wide gene expression dif-
ferences in Crohn’s disease and ulcerative colitis from endoscopic pinch
biopsies: insights into distinctive pathogenesis. Inflamm Bowel Dis
2007;13:807-21.

Kabakchiev B, Turner D, Hyams J, et al. Gene expression changes associ-
ated with resistance to intravenous corticosteroid therapy in children with
severe ulcerative colitis. PLoS One 2010;5:¢13085.

Peyrin-Biroulet L, Panes J, Sandborn W], et al. Defining disease sever-
ity in inflammatory bowel diseases: Current and future directions. Clin
Gastroenterol Hepatol 2016;14:348-54.e17.

Lobatén T, Bessissow T, De Hertogh G, et al. The Modified Mayo
Endoscopic Score [MMES]: a new index for the assessment of extension
and severity of endoscopic activity in ulcerative colitis patients. | Crobns
Colitis 2015;9:846-52.

Gentleman RC, Carey V], Bates DM, et al. Bioconductor: open software
development for computational biology and bioinformatics. Genome Biol
2004;5:R80.

R Development Core Team. R: A Language and Environment for
Statistical Computing. Vienna: R Foundation for Statistical Computing,
2014.

. Gautier L, Cope L, Bolstad BM, Irizarry RA. affy—analysis of Affymetrix

GeneChip data at the probe level. Bioinformatics 2004;20:307-15.

Dai M, Wang P, Boyd AD, et al. Evolving gene/transcript definitions sig-
nificantly alter the interpretation of GeneChip data. Nucleic Acids Res
2005;33:e175.

Johnson WE, Li C, Rabinovic A. Adjusting batch effects in micro-
array expression data using empirical Bayes methods. Biostatistics
2007;8:118-27.

Ritchie ME, Phipson B, Wu D, et al. limma powers differential expression
analyses for RNA-sequencing and microarray studies. Nucleic Acids Res
2015;43:e47.

Benjamini Y, Hochberg Y. Controlling the false discovery rate:
A practical and powerful approach to multiple testing. | R Stat Soc B
1995;57:289-300.

Edgar R, Domrachev M, Lash AE. Gene expression omnibus: NCBI gene
expression and hybridization array data repository. Nucleic Acids Res
2002;30:207-10.

25.

26.

27.

28.

29.

30.

3

—_

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Vandesompele J, De Preter K, Pattyn F, e al. Accurate normalization of
real-time quantitative RT-PCR data by geometric averaging of multiple
internal control genes. Genome Biol 2002;3:RESEARCH0034.

Efron B, Hastie T, Johnstone I, Tibshirani R. Least angle regression. Ann
Stat 2004;32:407-99.

Hu N, Mora-Jensen H, Theilgaard-Ménch K, et al. Differential expres-
sion of granulopoiesis related genes in neutrophil subsets distinguished by
membrane expression of CD177. PLoS One 2014;9:¢99671.
Theilgaard-Ménch K, Jacobsen LC, Nielsen M], et al. Haptoglobin is syn-
thesized during granulocyte differentiation, stored in specific granules, and
released by neutrophils in response to activation. Blood 2006;108:353-61.
Suzuki M, Takaishi S, Nagasaki M, et al. Medium-chain fatty acid-
sensing receptor, GPR84, is a proinflammatory receptor. | Biol Chem
2013;288:10684-91.

Rijksen G, Staal GE, Beks PJ, Streefkerk M, Akkerman JW.
Compartmentation of hexokinase in human blood cells. Characterization
of soluble and particulate enzymes. Biochim Biophys Acta 1982;719:431-7.

. Federzoni EA, Valk PJ, Torbett BE, et al. PU.1 is linking the glycolytic

enzyme HK3 in neutrophil differentiation and survival of APL cells. Blood
2012;119:4963-70.

Munder M, Mollinedo F, Calafat ], et al. Arginase I is constitutively
expressed in human granulocytes and participates in fungicidal activity.
Blood 2005;105:2549-56.

Le Cabec V, Maridonneau-Parini I. Annexin 3 is associated with cytoplas-
mic granules in neutrophils and monocytes and translocates to the plasma
membrane in activated cells. Biochem ] 1994;303[Pt 2]:481-7.

Mirsaeidi M, Gidfar S, Vu A, Schraufnagel D. Annexins family: insights
into their functions and potential role in pathogenesis of sarcoidosis. ]
Transl Med 2016;14:89.

Foell D, Kucharzik T, Kraft M, et al. Neutrophil derived human S100A12
[EN-RAGE] is strongly expressed during chronic active inflammatory
bowel disease. Gut 2003;52:847-53.

Lill M, Koks S, Soomets U, et al. Peripheral blood RNA gene expression
profiling in patients with bacterial meningitis. Front Neurosci 2013;7:33.
Hu X, Yu J, Crosby SD, Storch GA. Gene expression profiles in febrile
children with defined viral and bacterial infection. Proc Natl Acad Sci U S
A 2013;110:12792-7.

Kam SH, Singh A, He JQ, et al. Peripheral blood gene expression changes
during allergen inhalation challenge in atopic asthmatic individuals. |
Asthma 2012;49:219-26.

Galamb O, Sipos E, Solymosi N, et al. Diagnostic mRNA expression
patterns of inflamed, benign, and malignant colorectal biopsy specimen
and their correlation with peripheral blood results. Cancer Epidemiol
Biomarkers Prev 2008;17:2835-45.

Kaiser T, Langhorst J, Wittkowski H, et al. Faecal ST00A12 as a non-
invasive marker distinguishing inflammatory bowel disease from irritable
bowel syndrome. Gut 2007;56:1706-13.

Kalla R, Kennedy NA, Ventham NT, et al. Serum calprotectin: a novel
diagnostic and prognostic marker in inflammatory bowel diseases. Am J
Gastroenterol 2016;111:1796-805.

de Bruyn M, Arijs I, Wollants WJ, et al. Neutrophil gelatinase B-associated
lipocalin and matrix metalloproteinase-9 complex as a surrogate serum
marker of mucosal healing in ulcerative colitis. Inflamm Bowel Dis
2014;20:1198-207.

Quaye IK. Haptoglobin, inflammation and disease. Trans R Soc Trop Med
Hyg 2008;102:735-42.

Stroncek D. Neutrophil-specific antigen HNA-2a [NB1, CD177]: serology,
biochemistry, and molecular biology. Vox Sang 2002;83[Suppl 1]:359-61.
Wang L, Ge S, Agustian A, Hiss M, Haller H, von Vietinghoff S. Surface
receptor CD177/NB1 does not confer a recruitment advantage to neu-
trophilic granulocytes during human peritonitis. Eur ] Haematol
2013;90:436-7.

Gohring K, Wolff ], Doppl W, et al. Neutrophil CD177 [NB1 gp, HNA-2a]
expression is increased in severe bacterial infections and polycythaemia
vera. Br | Haematol 2004;126:252—4.

Shahabi V, Berman D, Chasalow SD, ef al. Gene expression profiling of
whole blood in ipilimumab-treated patients for identification of potential



1346

N. Planell et al.

48.

49.

50.

biomarkers of immune-related gastrointestinal adverse events. | Transl
Med 2013;11:75.

Dupont S, Arijs I, Blanque R, et al. Gpr84 inhibition as a novel therapeutic
approach in IBD: Mechanistic and translational studies. In: 10th Congress
of the European Crohn’s and Colitis Organisation [ECCO]; February
1821, 2015, Barcelona, Spain.

Vanhoutte F, Dupont S, Van Kaem T, et al. Human safety, pharmacokinet-
ics and pharmacodynamics of the gpr84 antagonist glpg1203, a potential
new approach to treat IBD. | Crobns Colitisournal of Crohns & Colitis
2015;9[Suppl 1]:5387.

Reinisch W, Panés J, Khurana S, et al. Anrukinzumab, an anti-interleukin
13 monoclonal antibody, in active UC: efficacy and safety from a phase Ila
randomised multicentre study. Gut 2015;64:894-900.

52.

53.

54.

. Sandborn WJ, Panés J, Zhang H, Yu D, Niezychowski W, Su C. Correlation

between concentrations of fecal calprotectin and outcomes of patients with
ulcerative colitis in a phase 2 trial. Gastroenterology 2016;150:96-102.
Kugathasan S, Saubermann LJ, Smith L, ez al. Mucosal T-cell immu-
noregulation varies in early and late inflammatory bowel disease. Gut
2007;56:1696-705.

Desreumaux P, Brandt E, Gambiez L, et al. Distinct cytokine patterns
in early and chronic ileal lesions of Crohn’s disease. Gastroenterology
1997;113:118-26.

Veny M, Esteller M, Ricart E, Piqué JM, Panés ], Salas A. Late Crohn’s
disease patients present an increase in peripheral Th17 cells and cytokine
production compared with early patients. Aliment Pharmacol Ther
2010;31:561-72.



Discussio

Durant un procés inflamatori s’activen un conjunt de mecanismes encarregats
de retornar 'organisme a la normalitat. En el cas de la CU s’han descrit un
gran nombre de gens significativament regulats en la fase activa de la malaltia
[223, 2461249, 294]. Entre aquests trobem gens tipicament pro-inflamatoris i d’al-
tres relacionats amb mecanismes de proteccié i regeneracid, caracteristics de la
resposta inflamatoria de qualsevol teixit davant d’una situacié d’estres.

Alteracions en els mecanismes responsable de retornar 'organisme a un estat ho-
meostatic podria conduir en un dany exacerbat del teixit en qiiestié o derivar en
inflamacié cronica, el que podria contribuir a una proliferacié cel-lular descontro-

lada donant lloc a la formacié de fibrosis o displasia.

Davant d'una patologia cronica, com és el cas de la CU, es desconeix si els pro-
cessos involucrats en la resposta inflamatoria, tan els pro-inflamatoris com els

protectors, retornen a nivells homeostatics quan la inflamacio esta sota control.

L’estudi transcripcional de la mucosa intestinal en remissié de pacients amb CU
ens ha permes corroborar, d’acord amb resultats d’estudis anteriors [223] 226,
250, 294], 295], que la supressié de la inflamacié o remissié endoscopica va acom-
panyada de la modulacié d’un gran nombre de gens capagos de retornar a nivells
d’expressio equivalents als de la mucosa intestinal d’un individu sa. Entre aquests
gens s’engloben gens que codifiquen citocines, molecules d’adhesio, immunoglo-

bulines, peptids antimicrobians i enzims remodeladors de teixit, entre altres.

Aixi, 'expressié de gens com [L8, REGIA i CXCLI, podrien considerar-se bons

biomarcadors d’activitat clinica, endoscopica i histologica de la CU [250].
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Per altra banda, hem pogut identificar un subconjunt de gens que romanen al-
terats en la mucosa en remissid. Dins d’aquest conjunt de gens observem dos
perfils d’expressié diferents, gens que quan la mucosa esta en remissié mostren
una modulacié parcial, presentant uns nivells d’expressio intermedis entre la mu-
cosa sana i la mucosa inflamada, i gens que presenten nivells d’expressié similars
als de la mucosa inflamada. Suggerint-nos que la modulaci6 d’aquests gens no
sera clau per la resolucié de la inflamacié, i que no podran considerar-se biomar-

cadors d’activitat de la malaltia.

Tanmateix, la identificacié d’aquesta signatura transcripcional caracteristica de
la mucosa intestinal en remissio, i la validacié tan a nivell trancripcional com
proteic d’alguns dels gens identificats, ens senyala que existeixen mecanismes en
la mucosa intestinal dels pacients amb CU que no retornen a la normalitat des-
prés d’un procés inflamatori. Aquest fet recalca la rellevancia de 'epiteli en la
patogenesis de la CU, podent amagar mecanismes responsables de la cronicitat
de la malaltia. Cal destacar que part dels gens identificats s’han associat amb el
desenvolupament de cancer gastrointestinal [296-301]. En concret, REGY, S100P
i SERPINBS, augmentats en la mucosa inflamada i en remissié de pacients amb
CU, es relacionen amb el creixement cel-lular i la resistencia a 1’apoptosi, po-
dent establir un vincle entre la CU i I'increment del risc de desenvolupar CCR
[289] 290].

La importancia d’assolir remissié endoscopica o curacié mucosa en el tractament
de la CU és cada cop més evident, tan en la practica clinica com en els estudis
clinics [302]. La remissié endoscopica es relaciona amb una millor evolucié de la
malaltia i la disminucié de la probabilitat de sotmetre’s a una cirurgia [17, 286].
A més, 'efecte placebo es veu clarament reduit quan la remissié endoscopica o

curacié mucosa s’inclou com a objectiu en els estudis clinics [303].

El principal inconvenient en la definicié de la remissié mucosa com a fita en
el tractament de pacients amb CU és la necessitat de sotmetre els pacients a
una colonoscopia; una prova invasiva, que comporta elevats costos economics, la
disconformitat dels pacients i, en els casos més greus, el risc de complicacions
durant el procediment. A més, també pot influenciar negativament en el reclu-

tament de pacients per als estudis clinics. Alternatives a la colonoscopia, com
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I’avaluacié de la simptomatologia clinica i altres biomarcadors d’activitat presen-

ten discrepancies amb les lesions endoscopiques [190) 291H293].

Aixi, la identificacié d’un biomarcador no invasiu per a determinar la presencia
de lesions endoscopiques pot ser clau en el monitoratge de la CU. L’analisi trans-
cripcional de sang periferica de pacients amb MII no ha estat massa explorat,

podent ser una bona opcié per la cerca de biomarcadors.

En comparacié amb les diferencies que identifiquem a nivell de teixit entre la
mucosa inflamada i la mucosa sana o en remissio, en 'estudi transcripcional de
sang periferica aquestes diferencies sén molt subtils. Tot i aixi, hem identifi-
cat i validat un subgrup de transcripts relacionats amb l'activitat endoscopica.
Molts d’aquests transcripts es relacionen amb neutrofils, posant de manifest la
importancia d’aquesta poblacié tot i 'absencia de diferencies a nivell de recomp-
te de cel-lules. Entre aquests gens trobem S100A12, anteriorment descrit com a

biomarcador d’activitat en serum i femta [304], 305].

L’elevada correlacié entre els transcripts identificats fa que la prediccié de I'acti-
vitat de la malaltia no millori utilitzant un model multivariant. Aixi, el marcador
amb major poder predictiu que identifiquem és el gen que codifica per 'hapto-
globina (HP). Els nivells de proteina en sérum s’han mesurat sense detectar una
relacié significativa amb les lesions endoscopiques. L’haptoglobina és una pro-
teina principalment secretada per hepatocits davant d’una reaccié inflamatoria
[306], no obstant, també s’ha descrit com un proteina especifica dels granuls dels

neutrofils [307], essent possiblement 1'origen dels nivells de transcrit detectats.

En conjunt, el llistat de gens identificats sén possibles biomarcadors de 'acti-
vitat de la CU. L’estudi ha seguit un analisi exploratori i de descobriment amb la
posterior validacié dels resultats més rellevants. La validacié dels resultats s’ha
realitzat amb exit i en una cohort multicentrica que inclou pacients amb diferents
graus d’activitat endoscopica. Un dels punts fonamentals de 'estudi ha sigut
la definicié de I'index endoscopic a utilitzar. La majoria dels index endoscopics
puntuen d’acord amb I'area intestinal més inflamada, no obstant, ’extensié de
I’area inflamada podria influenciar en els canvis observats a nivell sistemic. En

consequiencia, s’han recollit dos index endoscopics, 'index de Mayo i I'index mo-
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dificat (MS), el primer avalua ’area més afectada i el segon inclou la valoracié de
cada un dels segments del colon explorats [9, [I80]. Tot i que la correlacié entre els
transcripts identificats i ambdds index és significativa, I'index modificat reflexa

millor els canvis endoscopics al llarg del temps.

Aixi, en base a resposta endoscopica a anti-TNF-« definida per 'index modi-
ficat, hem pogut avaluar la utilitat d’aquests biomarcadors per determinar la
resposta al tractament. Hem observat com els canvis transcripcionals de CD177,
HP, GPR84 i S100A12 abans i després del tractament es relacionen amb la res-
posta al farmac, és a dir, amb la resposta endoscopica de la malaltia definida
per I'index modificat. L’expressié d’aquests transcripts també s’ha descrit sig-
nificativament reduida en infants responedors a corticosteroides respecte els no
responedors [222], suggerint que aquests també podrien ser bons marcadors de la
resposta a corticosteroides. No obstant, estudis en cohorts més amplies i sota l’e-

fecte de diferents farmacs son necessaries per verificar el potencial real d’aquests.

El punt més critic de l'estudi ha sigut la recollida de la calprotectina, un dels
biomarcadors que esta donant millors resultats actualment en la determinacié de
lactivitat endoscopica [308]. Tot i els esforgos realitzats per aconseguir els nivells
de calprotectina en femta, 1’elevat nombre de casos en els que no va poder ser
recollida ens ha obligat a eliminar aquesta variable de 'estudi. Per contra, hem
utilitzat altres biomarcadors recollits en la practica clinica habitual: PCR, VSG
i recompte de plaquetes.

Les dificultats en la recollida de caplrotectina fecal ja s’havien posat de manifest
en estudis anteriors [97], donant suport a la necessitat d’altres biomarcadors de

més facil accés 1 manipulacio.

Finalment, cal tenir present que, tot i estudiar una cohort de pacients repre-
sentativa dels diferents graus d’activitat endoscopica, el nombre final d’individus
amb lesions endoscopiques en remissié inclosos en el nostres estudi és baix. En
conseqiiencia, estudis en cohorts més grans i amb un major nombre de casos en
remissio endoscopica sén necessaris per validar I'is de I’ HP com a predictor de

lactivitat endoscopica de la CU.



Conclusions

La tesi doctoral que s’ha realitzat, on es caracteritza a nivell transcripcional la
mucosa intestinal en remissio de pacients amb CU i es determinen biomarcadors
de Pactivitat endoscopica a partir de 1'estudi transcripcional de sang periferica,

ens permet concloure que:

e La mucosa intestinal en remissié d’individus amb CU presenta una signatura
transcripcional tnica en comparacié amb la mucosa intestinal de pacients

amb CU activa 1 d’individus sans.

e La signatura transcripcional associada a la remissié conté majoritariament
gens expressats per la barrera epitelial, suggerint que aquestes cel-lules ro-

manen alterades tot i la curacié mucosa.

e Entre els gens que es regulen a la mucosa intestinal durant 'activitat de la
malaltia i que retornen a nivells control un cop assolida la curacié mucosa
trobem REG1A. Aquest és un bon biomarcador d’activitat inflamatoria en

la mucosa intestinal, tan a nivell transcripcional com proteic.

e REGY, S100P i SERPINBS romanen alterats en la mucosa inflamada i en

remissié dels pacients amb CU, tan a nivell transcripcional com proteic.

e El perfil transcripcional de sang periferica de pacients amb CU endoscopicament
activa és significativament diferent de controls sans i de pacients amb CU

endoscopicament inactiva.

o L’expressié d’HP, CD177 i GPRS84 en sang periferica es correlaciona amb

el grau d’activitat endoscopica de la CU.

o L’expressi6 d’HP en sang periferica és millor biomarcador que la PCR,
VSG i el recompte de plaquetes, per a la deteccié de lesions intestinals en

la cohort estudiada.
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e Els canvis en l'expressio d’HP, CD177 i GPR84 en sang periferica de pa-
cients amb CU es correlacionen amb la resposta endoscopica al tractament
amb anti-TNF-a.

En general, podem concloure que l'estudi transcripcional tan de teixit com de
sang periferica sén eines valuoses per a la descripcié de mecanismes alterats en

la CU i la cerca de biomarcadors.
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