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Background and aims: Recent evidences reveal the occurrence of a close relatiohgp
among epithelial to mesenchymal transition (EMT), chroniom ammation and brosis.
ZNF281 is an EMT-inducing transcription factor (EMT-TF)volved in the regulation of
pluripotency, stemness, and cancer. The aim of this study wato investigatein vitro, in
vivo, and ex vivo a possible role of ZNF281 in the onset and progression of inginal
in ammation. A conceivable contribution of the protein to he development of intestinal
brosis was also explored.

Methods: Human colorectal adenocarcinoma cell line, HT29, and C57B6 mice were
used for in vitro and in vivo studies. Mucosal biopsy specimens were taken during
endoscopy from 29 pediatric patients with Crohn's diseaseCD), 24 with ulcerative colitis
(UC) and 16 controls. ZNF281 was knocked down by transfectig HT29 cells with 20 nM
small interference RNA (siRNA) targeting ZNF281 (siZNF281

Results:  We show for the rst time that ZNF281 is induced upon treatmen with
in ammatory agents in HT29 cells, in cultured unin amed cabnic samples from CD
patients and in DSS-treated mice. ZNF281 expression corrates with the disease
severity degree of CD and UC patients. Silencing of ZNF281 mingly reduces both
inammatory (IL-8, IL-1lbeta, IL-17, IL-23) and EMT/ brotc (SNAIL, Slug, TIMP-1,
vimentin, bronectin, and a-SMA) gene expression; besides, it abolishes the increase
of extracellular-collagen level as well as the morphologat modi cations induced by
in ammation.

Conclusions:  The identi cation of transcription factor ZNF281 as a noveplayer of
intestinal in ammation and brosis allows a deeper comprelension of the pathogenetic
mechanisms underlying in ammatory bowel disease (IBD) androvide a new target for
their cure.
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INTRODUCTION 37 C in Dulbecco's modied Eagle's medium with 2mM L-
glutamine supplemented with 10% fetal bovine serum. The
Inammatory  bowel disease (IBD) is a chronic pro-in ammatory cytomix, containing 250 ng/ml of IFNgamma
inammatory disorder of the gastrointestinal (GI) tract (Sigma, St. Louis, MO) and 100 ng/ml of TNFalpha (Sigma), was
including two main phenotypes: Crohn's disease (CD) andidded, for 24 h, for treatment of cell culture. All treatmewntsre
ulcerative colitis (UC). Although many investigations havecarried out in serum-free condition. After 24 h, proteins and

highlighted an abnormal interplay among genetic, immunityRNA were extracted for western blot and real-time PCR ang)lysi
and gut microbiota as a key mechanism underlying IBD, a fultespectively.

understanding of IBD pathogenesis is still uncledx (ntestinal
brosis and subsequent stricture formation are frequentAnima|S
complications of IBD, particularly in CD. Current hypothesis

. . _ i C57BL/6 female mice, a model highly susceptible to DSS-ediuc
suggests that the rst step of intestinal brosis is a tisslaenage anly b

db hronic i { tate. Aft d. actidat colitis (8-9 weeks of age), were housed in collective cages
caused by a chronic in ammatory state. Alterward, aclieale o 5551 ¢ under a 12h light/dark cycle and with food and

broblgs’;]s alr_e recrléllted tﬁ thebsne_s of in I?mr;atlotn to inda . water providedad libitum. Acute colitis was induced through
wound nhealing and, naily, Drosis results due 1o eXCesSIVe,yminisiration of dextran sodium sulfate (DSS, moleculassy

deposition of extracellular matrix (ECMP(3). Recent studies g 564 50 000 Da, MP Biomedicals, Santa Ana, CA), dissolved
propose that epithelial to mesenchymal transition (EMT),in autoclaved drinking water, for 7 days. Mice, 6 for group,

typically de ned by the acquisition of a spindie cell morphologywere randomly divided into two experimental groups: the cohtro

in combination with loss of E-cadherin, is involved in intes| group received regular drinking water and the DSS-treatedg

bro§|s following ChTO“'C in ammation (7). received a solution with 3% (w/v) DSS. Mice were daily checked
Zinc- nger p_rotem_s (ZNFs) are one of the .most fabundamfor behavior, body weight, stool blood, and consistency. The

groups of proteins with a key role in the regulation of important assessment of DSS-induced colitis and histological scere w

gellullar proc;esfses. Altler:atlons olln ZNFs arg_ln;/k?lved n th_ erformed as previously describet?). The 7th day the animals
evelopment of several human diseases and In th€ progressigi o e thanized, colons were removed and frozen in liquid

of cancer, including colorectal cance8, (9). Among ZNFs, . : .
ZNF281., also known as ZBP-99 or ZNP-09, is a 99 kDa Krijppelt ' 0JeM for protein extraction.
type zinc- nger transcriptional regulatorl(Q), expressed at high .
levels in placenta, kidney, brain, heart, liver, and lymphesy Patlents_ o . . .

whereas most other tissues display detectable albeit low2gNF TWenty nine pediatric patients with CD (median age: 14.9
expression1, 12). years; range: 6-18 years), 24 with UC (median age: 12.7 years;

Recently, ZNF281 has been characterized as an EMT-inducifig"9¢: 6-18 years), and 16 controls (median age: 12.5 years;
transcription factor (EMT-TF), suggesting its involvementhe ~ 'ange: 6-18 years), referred to the Pediatric Gastroelugyo
regulation of pluripotency, stemness, and cancgt, (13-15). and Liver Unit of the Department of Pediatrics of the

Moreover, it seems that ZNF281 is a direct SNAIL target reguir Sapienza University of Rome-University Hospital Umberto |
for SNAIL-induced EMT (6). were included in this study. All patients had an established

diagnosis of IBD in accordance with the ESPGHAN Porto
ex vivothe role of ZNF281 in intestinal in ammation and in Critéria (18 and needed an ileocolonoscopy due to a disease

the regulation of pro- brotic genes. We showed that ZNF281 js@€ UP despite therapy. The latter included azathioprine,
induced by in ammatory agent exposure in intestinal cells, i me_salazme, antl_b|ot|c_s or oral corticosteroids at low dose
murine colonic tissues and in cultured mucosal samples takefatients undergoing biological therapy were excluded from the
from unin amed colonic areas of CD patients. Interestingly, Study. The intestinal in ammation was assessed at endoscopy
ZNF281 silencing strongly reduces in ammatory as well as proPY Using the Simple Endoscopic Score for Crohn Disease (SES-
brotic genes, including SNAIL. Furthermore, we demonsea. ~ CP) (19) and the endoscopic Mayo subscog)in CD and UC

that ZNF281 and SNAIL are signi cantly increased, while E_patlems, respectlvelj'ables l?). Children with incapacitating
cadherin decreased, in the in amed colon of CD and UC patientsiunctional GI complaints, having normal endoscopy, served as
and ZNF281 expression levels correlate with the diseastityeve CONtrols (CTRL).

Our data strongly suggest for the rst time a role of ZNF281 in

controlling intestinal in ammation and highlight its poteial in - ETHICAL CONSIDERATIONS

eliciting an EMT-induced intestinal brosis.

In the present study, we investigatéd vitro, in vivo and

Experimental procedures vivo were carried out in accordance
with the recommendations of the Committee on the Ethics of

MATERIALS AND METHODS Animal Experiments of the Italian National Agency for New
Technology, Energy, and Sustainable Economic Development
Cell Culture (ENEA - Permit Number: 1175/2016-PR).

The human intestinal colorectal adenocarcinoma cell line, All patients entered into the study after informed written
HT29, was used for cell culture experiments (ATCC, Rockvillezonsent from parents. The study was approved by the Ethical
MD, USA). Cells were maintained in 5% G@tmosphere at Committee of the Sapienza University of Rome.
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Biopsy Treatment and washed in water for 5min. Peroxidases were then inhibite
Mucosal biopsy specimens, taken from colonic districts, werby incubations in 3% KO, for 10min and sections were
immediately snap frozen in liquid nitrogen or cultured folling  treated with 5% bovine serum albumin (Santa Cruz Biotech.)

the protocol described below. for 20 min, incubated with primary anti-ZNF antibody (Abcam)
or anti-E-cadherin (BD Bioscience), diluted 1:100 or 1;250
Organ Cultures respectively, in phosphate-bu ered saline 5% BSA over night at

Mucosal biopsy specimens were taken during endoscopy frodh C in a moist chamber. After washing, sections were incubated
the colonic unin amed areas of 3CD patients. Two biopsywith secondary anti-rabbit biotinylated antibody (Dako Mo
samples were taken from each patient and exposed to cytomix tamerica, Carpinteria, CA) or anti-mouse-HRP linked antibody
induce in ammation. Untreated samples were used as controlgSanta Cruz Biotech.), for 30 min at room temperature. The DAB
Biopsies were immersed in medium and cultured in 48-detection kit (Dako) was used to visualize the antigen. HBnal
well plates containing 70@L of Dulbecco's modi ed Eagle's sections were stained with hematoxylin and eosin.

medium supplemented with 10% fetal bovine serum, L-glutamine

(2mM), penicillin (100 U/ml), streptomycin (100 mg/ml), and Real Time PCR

gentamycin (100 mg/ml; Life Technologies- GibcoBRL, MilanTotal RNA was isolated from HT29 cells using the RNeasy kit
Italy). In ammation was obtained by adding to the medium (QiaGen GmbH, Hilden, Germany), andrfg of total RNA was
250 ng/ml of IFNgamma and 100 ng/ml of TNFalpha for 24 hreverse transcribed by a IScriptTM cDNA Synthesis Kit (BidRa
at 37 C and 5% CO2. Then, total proteins were extracted foHercules, California, U.S.A). The RT-PCR ampli cations

western blot analysis. were obtained by a BioRad CFX96 TolithReal-Time PCR
) ) Detection System using SsoAdvanced Universal SYBR Green
Protein Extraction super Mix (BioRad). The following primers were used: ZNF281

Mucosal biopsy specimens, cellular pellets, and mice colonfad primer SXGCCATCCTCTCCCCAAGTC3 rvs primer
tissues were suspended in ice-cold lysis buer (50mM Tris GAGCTTCGGAAAGCAGCACTA-§ IL-8 fwd primer
(pH 7.4), 5mM EDTA, 250mM NaCl, 0.1% Triton X-100, 52CTGGCCGTGGCTCTCTTGS rvs primer £ CTTGGC
1 mM phenylmethylsulfonyl uoride, Bng/ml aprotinin, 5mg/ml AAAACTGCACCTTCA-# IL-17 fwd primer: #GGGCCT
leupeptin, and 1 mM sodium orthovanadate), homogenized, anGGCTTCTGTCTG-8 rvs primer: #AAGTTCGTTCTGCCC
incubated in ice for 30 min. Samples were centrifuged at D4,00CATCA-3® IL-1beta fwd primer: 8AGACATCACCAAGCT
rpm for 10 min and supernatants collected and analyzed by TTTTGCT-2 rvs primer: B GCACGATGCACCTGTACG

western blot. AT-3% IL-23 fwd primer: STGCAAAGGATCCACCAGG
_ GTCTGA-2, rvs primer: #TGAGTGCCATCCTTGAGCTGC
Immunoblot Analysis TGC-F SLUG fwd primer: BTGTGTGGACTACCGCTGC

30mg of total proteins extracted from human biopsy and colonicTC-3% rvs primer: 8 GAGAGGCCATTGGGTAGCTG-3
tissue of mice, 18Bng of total protein extracted from HT29 cell SNAIL fwd primer: #GACCACTATGCCGCGGTCTTS rvs
line, 40ml of culture supernatants were fractionated by sodiumprimer: P TCGCTGTAGTTAGGCTTCCGATT-8 TIMP-1 fwd
dodecyl sulfate-polyacrylamide gel electrophoresis. Rroteere  52CCATAACCCCGCAACTCACT-8 rvs primer: SAGGTAA
transferred in polyvinylidene uoride membrane (Amersham GTGCCATGGTGAGC-$ VIMENTIN fwd primer: 52CCT
Pharmacia Biotech, Uppsala, Sweden) and blocked with TB&CTACCGCAGGATGTT-§ rvs primer: 8CTGCCCAGG

T (Tris-bu ered saline with 0.1% Tween-20) containing 5% CTGTAGGTG-8 FIBRONECTIN fwd primer: 8AGACCA
non-fat dry milk. Anti-ZNF281 (1:1,000; Abcam, Cambridge, TACCTGCCGAATGTAG-8 rvs primer: B GAGAGCTTC
MA), anti-actin (1:1,000; Sigma), anti-SNAIL (1:1,000; CelCTGTCCTGTAGAG-8 a-SMA fwd primer: ®CCGACC
Signaling Technology, Danvers, MA), anti-E-cadherin @0, GAATGCAGAAGGA-® rvs primer: SACAGAGTATTTG
BD-Bioscience, Franklin Lakes, NJ), and anti-COL3A1 (3:00€GCTCCGAA-8 GAPDH fwd primer $-GCACCGTCA
Thermoscienti ¢, Rockford, USA) were diluted in TBS-T AGGCTGAGAAC-3, rvs primer 5:=GAGGGATCTCGCTCC
containing 3% non-fat dry milk and incubated overnight at TGG-3’> GAPDH expression level was used to normalize mRNA
4 C. Membranes were washed in TBS-T, incubated for 1 h witlexpression.

horseradish peroxidase-conjugated secondary antibodgt§Sa  The quantity of mRNA relative to a reference gene was
Cruz Biotechnology, CA, USA), washed in TBS-T and developeghiculated by the 2! T method.

with Liteablot Extent Chemiluminescent substrate (Euond,

MI, Italy). Densitometrical analyses of the blots were parfed ~ Small Interference RNA Transfection

using the Software Image Quant Las 500 (GE Healthcare Lifie 10° HT29 cells were seeded in a 6 multi-well plate to

Science, Uppsala, Sweden). reach 50% con uence at time of transfection. After 24 h, cells
_ _ were exposed to cytomix (IFNgamma 250 ng/@ITNFalpha
Immunohlstochemlstry 10ng/ml), then, transfected with 20nM small interference

Para n-embedded intestinal mucosa sectionsnigh) of DSS- RNA (siRNA) targeting ZNF281 (siZNF281) and negative
treated mice or controls were prepared following standarccontrol siRNA (siNC) (# 3898, Ambion, Carlsbad, USA)
protocol. Briey, sections were incubated in heat mediatedusing the INTERFERIn siRNA Transfection reagent (Polyplus
antigen retrieval solution pH 6.0 (Abcam) for 10min at @ transfection, lllkirch, France). Transfected cells werecgia
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for 48h at 37C in 5% CO2 incubator. Cell pellets were Quanti cation of Cytokines by

collected for RNA and protein extraction and culture medium Enzyme-Linked Immunosorbent Assay

collected for ELISA. During procedures, representative esag (ELISA)

of cell morphology were acquired on a Leica DM IL LEDyhe determination of IL-8, IL-lbeta, IL-17, and IL-
inverted microscope with LED illumination Leica DMC2900 23 |evels in cell culture medium was performed with a
Digital camera and complimentary software Leica Applicatiorgompetitive ELISA kit (R&D, Minneapolis, USA), according to
Suite (LAS) (magni cation, 20X) (Leica Biosystems, Wetzla manufacturer's instructions. Changes in the O.D. absodean

Germany). were measured spectrophotometrically at a wavelength
A B
HT29 HT29
4 2 *
* 18
78 )
T ek 0a o o
%EE ’ %EE ! 99-[ = | ZNF281
= = =208
Lze ™ L38 42- | W | b ACTIN
N g 1 N 3 04
:
0 0
CTRL CYTOMIX CTRL CYTOMIX
ZNF281
C D >
CTRL DSS
kDa
oo- R [ [ == = =[s] znF2s1

42- [===——==—=———]=] b-ACTN

ZNF281/b-ACTIN
Densitometric Units
(fold change)
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E-cadherin
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Organ Culture

*
*
oW
2 wa &

15 99- ZNF281
1 42- b-ACTIN
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ZNF281/b-ACTIN
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FIGURE 1 | ZNF281 mRNA(A) and protein (B) expression levels are increased in HT29 cells exposed to aytnix as compared to control cells (CTRL); western blot
(C) and immunohistochemistry(D) show that ZNF281 protein expression is signi cantly upregated in the colonic mucosa of DSS-treated miceN D 6) as compared
to control (CTRL) mice Nl D 6) (different gels were indicated)E) ZNF281 protein expression is signi cantly increased in coloic mucosal tissues taken from healthy

areas of 3 CD patients exposed to cytomix and cultured for 24 has compared to unin amed (UN) colonic mucosal samples. Dernigometric analysis is showed. Data
represent the target gene expression normalized to the refence gene. Data are presented as mean S.D. of 3in vitroand ex vivoindependent experiments, and 6
animals for each group. CTRL, controls; Cytomix (TNFalph@ IFNgamma); DSS, dextran sodium sulfate; UN, unin amed. ManiWhitneyt-test. P < 0.05; “P < 0.01.
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of 450nm. The cytokine concentration was given agS.D). Dierences were noted as signicanp < 0.05, p <
pg/ml. 0.01, p< 0.001.

Statistics RESULTS

All statistical analyses were performed with GraphPad InStat . .

software (GraphPad Software, San Diego, CA, USA). ThHéNF281 Gene/Protein Expression
comparison between experimental groups was performed bjncreases in In amed Cellsin  invitro , in
unpaired non-parametrid-test (Mann-Whitney). Correlation vjvo, and ex vivo Models

between ZNF281 and endoscopic scores was assessed by t©9 cells exposed to the cytomix (TNFalpfalFNgamma)
Spearman's rank correlation coe cient (r) according to the for 24h showed a signi cant increas® € 0.05) of ZNF281
statistical distribution of analyzed population. mRNA and protein expression levels as compared to control
All experiments were repeated three times and are|s Figures 1A,B. To con rm this resultin vivo, experimental
reproducible. Data were given as meanstandard deviation cojitis was induced in C57BL/6 mice by treatment with DSS 3%
for 7 days. Untreated mice were used as controls. After 7 days,
mice were sacri ced and the colon removed. The induction and
severity degree of colitis was assessed by evaluating|ltheifg
end-points: body weight loss, clinical score, histologicalrs,
large intestine length, and in ammatory cytokine expressio

TABLE 1 | Characteristics of the CD study population.

Subject  Sex Age SES- Location Therapy
(years) CD
CD1 F 14 6 In amed colon Azathioprine,
mesalamine TABLE 2 | Characteristics of the UC study population.
CD2 M 9 15 In amed colon None
cD3 M 12 12 In amed colon None Subject Sex Age Mayo Location Therapy
(years) score
CD4 M 14 30 In amed colon None
CD5 M 6 30 In'amed colon Nutrition uc1 M 12 2 In amed colon Azathioprine,
CD6 M 16 7 In amed colon Azathioprine, sulphasalazine
corticosteroids uc2 F 18 2 In amed colon Azathioprine
CD7 M 13 21 In amed colon Corticosteroids ucs3 M 13 1 In amed colon Azathioprine,
CD8 18 25 In amed colon Mesalamine sulphasalazine
CD9 F 18 9 In amedC Mesalamine uc4a F 10 2 In amed colon Mesalamine
Unin amed colon ucs F 6 1 InamedCUninamed None
CD10 M 15 17 In amed colon None colon
CD11 M 18 7 In amed colon Mesalamine, uce F 11 1 In amed colon None
antibiotics ucr F 10 1 In amed colon Sulphasalazine
CD12 18 12 In amed colon Azathioprine ucs = 12 2 In amed colon None
CD13 F 17 18 In amed colon Mesalﬁmine, uco M 14 1 In amedCUnin amed  Mesalamine,
nutrition colon azathioprine
Cb14 M 15 13 In amedC None uc10 F 10 3 In amed colon Mesalamine
Unin amed colon UC11 M 9 2 InamedCUnin amed  None
CD15 14 13 In amed colon Azathioprine colon
CD16 F 13 In amed colon Corticosteroids uciz E 11 In amed colon None
CD17 F 18 7 In amed colon Azathioprine, ucis E 17 In amed colon None
corticosteroids uci4 F 17 2 In amedCUnin amed  None
CD18 M 15 18 In amed colon Corticosteroids colon
CD19 F 17 14 In amed colon Antibiotics uci1s E 15 2 In amed colon None
CD20 M 17 20 In amed colon Corticosteroids ucie E 16 2 In amed colon Sulphasalazine
CD21 F 17 10 In amed colon Corticosteroids ucil7 M 8 0 In amed colon Azathioprine
CD22 M 10 18 In amed colon Corticosteroids ucis M 7 2 In amedCUnin amed  None
CD23 M 15 In amed colon Corticosteroids colon
CD24 F 17 Unin amed colon Mesalamine UC19 M 9 2 In amed colon None
CD25 M 14 2 Unin amed colon Azathioprine, uc2o F 18 3 In amed colon Mesalamine
mesalamine uc21 F 17 1 In amed colon Corticosteroids
CD26 M 14 0 Unin amed colon None uc22 M 18 1 Unin amed colon Mesalamine
Ccb27 M 18 0 Unin amed colon None uc23 F 13 1 Unin amed colon Mesalamine,
CD28 M 18 5 Unin amed colon Azathioprine corticosteroids
CD29 F 14 0 Unin amed colon None uc24 F 11 0 Unin amed colon Mesalamine
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(IL-6, IL-1lbeta) Supplementary Figure . Western blotting was signi cantly increased?< 0.05) in in amed as compared to
analysis showed that ZNF281 protein expression was sigrtigan unin amed colonic mucosal sampleBigure 1B).

(P < 0.01) upregulated in colonic mucosa of DSS-treated

mice as compared to control micé&igure 1C). Whole gels of

in vivo experiments are provided &8upplementary Figure2 7ZNF281 Is Increased in the In amed

Immunohistochemistry conrmed the strong ZNF281 up- Colonic Tissues of CD and UC Pediatric
regulation in epithelial cells and leukocyte in Itrate of amed

tissues, and a parallel decrease of the EMT marker, E-cadherlf)naﬂentS and Correlates With the Severity
(Figure 1D). of the Disease
To further investigate this point, colonic mucosa samplesMucosal colonic samples were taken during ileocolonoscopy
taken from the unin amed areas of 3 CD patients were exposeffom inamed and uninamed colonic mucosa of 29CD
to cytomix and cultured for 24 h. Untreated samples were used g3able 1) and 25 UC Table 2 patients as well as of 16 age-

controls (UN). Results showed that ZNF281 protein expressiomatched controls.
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FIGURE 2 | ZNF281 is increased in the in amed colonic tissues of C¥A,B) and UC (A,C) pediatric patients as compared to unin amed colonic samplesand to
controls (CTRL) (different gels were indicated); positivrrelation between SES-CD, Mayo subscore and ZNF281 proia expression(D,E); SNAIL protein expression
is signi cantly increased and E-cadherin level decreased im amed colonic tissues of CD (F) and in UC (G) patients as compared to CTRL. Densitometric analysis is
showed. Data represent the target gene expression normale to the reference gene. Data are presented as mean S.D. of bioptic sample analyses from CD
patients (N D 23), UC patients N D 21)and age matched CTRLN D 16). CTRL, controls; CD, Crohn Disease; UC, Ulcerative Ct$i; SES-CD, Simple Endoscopic
Score for Crohn's Disease. Mann—Whitney-test; Spearman's rank correlation coef cient. P < 0.05; **P < 0.01; ***P < 0.001.
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We found a signi cant up-regulation of ZNF281 protein gels of controls, CD and UC patients are provided as
expression in the inamed colon of CD Hgures2A,B  Supplementary Figures 34.
and UC (igures 2A,Q patients as compared to controls  Since the endoscopic score is currently considered a reliable
(P < 0.001) and to uninamed colonic sample of the measure of the intestinal in ammation degree, we related
same patients (CD:P < 0.01, UC:P < 0.001). Whole ZNF281 levels, expressed as densitometric values, to thEBES-

FIGURE 3 | Exposure to cytomix (TNFalpha&C IFNgamma) signi cantly increases mRNAA) and protein (B) ZNF281 expression, that is strongly reduced after
silencing; mMRNA(C) and protein (D) expression of pro-in ammatory cytokines and mRNA expressin (E) of EMT/pro- brotic genes are signi cantly decreased by
ZNF281 knocking down. Western blot of cellular extracts angupernatants indicate that ZNF281 silencing in HT29 celleduces the extracellular-collagen (COL3A1)
deposition previously induced by 48 h of exposure to cytomiXF). Optic microscopy images of changes in HT29 cell morphologwgfter ZNF281 silencing(G). Cytomix
(TNFalphaC IFNgamma); siNC, negative control siRNA; siZNF281, ZNF28argeted by small interference RNA. Mann—-Whitnetytest. *P < 0.05; **P < 0.01;

**+P < 0.001.
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and to the endoscopic Mayo subscore for CD and UC patientgene programs24). Here, we provide the rst evidence that
respectively. Results showed a positive correlation betweSn S ZNF281 is implicated in intestinal in ammation. Indeed, its
CD and ZNF281 protein expressior @ 0.45;P < 0.05) gene/protein expression levels are strongly increased ianred
and between endoscopic Mayo subscore and ZNF281 proteliT29 cells, in in amed colonic samples of CD patients cultured
expression { D 0.55;P < 0.01), although, a full statistical for 24h and in mice with a DSS-induced colitis. To assess
signi cance was achieved only for the latter, probably dueltw  the active role of ZNF281 in in ammation, we knocked-down
number of enrolled patientdHigures 2D,B. the gene in HT29 cells previously exposed to in ammatory
Given the close relationship between ZNF281, SNAIL, and Eagents and demonstrated that pro-in ammatory cytokines;tsu
cadherin, all involved in EMT, we also investigated SNAIL anas IL-8, IL-17, IL-23, IL-1beta, are strongly down-regetht
E-cadherin protein expression in mucosal colonic samples dVe also found a signi cant increase of ZNF281 in in amed
inamed CD, UC and in controls. Interestingly, we found that colonic biopsies of CD and UC pediatric patients as compared
SNAIL protein level was signi cantly increased and E-cadther to unin amed samples of the same patients and to control
decreased in CD (SNAIP< 0.01; E-cadheriP< 0.05) and UC  subjects.
(SNAIL:P< 0.01; E-cadheriP< 0.001) patients as comparedto  To our knowledge, a role of ZNF281 in in ammation had

controls (Figures 2F,G. never been proven before. Our features could be relevant for
more reasons. Firstly, the identi cation of a transcripticexctor
Silencing ZNF281 Signi cantly Decreases that targeting e ective in ammatory molecules is notewoyth

as it might play a critical role in the pathogenesis of chronic
To further assess the role of ZNF281 in in ammation, 2N ammatory diseases. Secondly, ZNF281 could represent a

speci ¢ SIRNA to knock-down ZNF281 expression was useoQovel therapeutic target for managing these complex disorders

: inally, since ZNF281 expression in the in amed colonic ms&o
Thus, HT29 cells were exposed to the cytomix and transfecteo IBD patients positively correlates with the severity of the
with a negative control siRNA (siNC) and siZNF281, for 48h. . P P Y Y

Then, ZNF281 mRNA and protein expression was analyze(?c.l)szise’egf i?;eﬂzngi bg/ EZEaiTSO;Z?E; 'Qfd T;l(gsi’nltalrirtr?er:icp)fwmg
Exposure to cytomix signi cantly up-regulated ZNF281 mRNA 99

. . degree.
and protein levels B < 0.01 andP < 0.001, respectively) . . .
that were strongly down-regulated by silencing € 0.01) More interestingly, we explored the potential of ZNF281

(Figures 3A,B. In ammation was assessed analyzing, by Real' promoting  brosis, given the role of this protein in EMT

time PCR and ELISA, the following pro-in ammatory cytokines and t_he I|n_k_ between EMT and b_ros!s._ Inde_ed, we found
. that, in addition to ZNF281, SNAIL is similarly increaseddan
IL-8, IL-1beta, IL-17, and IL-23. Results showed that albkiyte . S o
. . - -cadherin decreased in in amed colonic tissues of CD and
MRNA and protein expression were signi cantly decrease C patients. These results are in accordance with previous
after ZNF281 silencing (mRNA: IL-8, IL-1P < 0.05, IL- patents. . . . P
) ) . observations supporting a relationship between ZNF281, ENAI
lbeta, IL-23P < 0.01; protein: IL-8, IL-1beta, IL-17, and IL- Son ;
. . and E-cadherin; in particular, Hahn et al showed the occuceen
23: P < 0.01) figures 3C,D. Furthermore, knock-down of
S . of a coherent feed-forward loop between ZNF281 and SNAIL
ZNF281 signi cantly reduced mRNA expression of EMT and . S L
. . . . (16). Thus, since SNAIL is signi cantly up-regulated in in amed
pro- brotic genes SLUG, SNAIL, TIMP-1, vimentin, bronectin - .
. . - HT29 cells and strongly reduced after ZNF281 silencing, la@ a
and a-SMA(P < 0.01) Figure 3B, previously increased by .
. . . LS . suggest that ZNF281, known to be a SNAIL-target may in turn
in ammation. Finally, to highlight a functional e ect of ZNE81 control SNAIL expression determining a sort of regulatorgpo
in EMT we analyzed the collagen deposition in the extracellul P 9 9 y

. Lo #etween the two proteins.
environment and the modi cation of cell morphology after Moreover, we showed that the expression of EMT genes
ZNF281 silencing. We found that the exposure to cytomixSL ! '

induces after 48 h a signi cantly increase of extracelldaltagen UG, TIMPl.’ V'”.‘e”“”’ b'ronegtlr.l, ana-SMA, signi cantly
gathering P < 0.01) and a change in cell morphology that ismcreased during in ammation, is importantly decreasedeaft

- - ZNF281 silencing. This result is particularly striking besa
abrogated by ZNF281 silencingigures 3F.G. all these genes, in addition to their well-known role in EMT,

have been recently implied in IBD brosis and complications.
DISCUSSION Accordingly, SLUG (SNAI2), a member of the SNAIL family of

zinc nger transcriptional repressors, is a central regutabd
Intestinal brosis is a common complication of IBD: almost®0 EMT and acts by directly repressing E-cadher#®)( To date,
of patients with CD and 5% of patients with UC undergo surgerystudies have been mainly focused on the in uence of the protei
due to intestinal strictures, with a recurrence risk arousi@® on tumor invasion and metastasig). However, more recently,
(21, 22). Intestinal stenosis is detected in approximately 10-17%everal authors reported a strong increase of SLUG in in amed
of children at the diagnosis, a ecting up to 40% by 10 yearmsraft and brotic tissues of UC and CD patientst,(5) suggesting
diagnosis 23). its role in EMT-induced brogenesis of IBD. Moreover, SNAIL

Currently, it is rising the hypothesis that IBD-associatedand SLUG are thought to play a role in IBD complications,

intestinal brosis might be the result of EMT. Transcription such as stulae 7). Similarly, increased levels of TIMP-1, a
factor ZNF281, emerged as a critical regulator of EMT, hamember of tissue inhibitors of metalloproteinases (TIMP1-4)
been recently thought to act at a nexus of in ammatorygroup, have been reportedin brotic lesions of mice with chion

In ammatory and Fibrotic Genes
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in ammation and CD patients 28-30) while TIMP-1 de ciency AUTHOR CONTRIBUTIONS

has been shown to weaken the development of brosi§).(

In addition, the pro- brotic factors, vimentin, bronectinand LS and VC were involved in the conception and design of the
a-SMA, have been recently found to be involved in brotic study. SO and MA were involved in the enroliment of patients

processes by cell transition to mesenchymal phenotype in 1IBBNd acquisition of data. MP, FP and ABM made the experimental
patients 82, 33. analysis. LS, MP and FP were involved in the interpretation of

As many studies focusing on the main phenotypic andjata. LS and RV were involved in drafting the article. SC avid R
functional alterations of brotic cells have stressed theParticipated at the revision of the article.
relevance of improved collagen production, we analyzed
the collagen deposition as well as the morphological chandeUNDING
of inamed intestinal cells before and after knocking-down
ZNF281. We found that increased collagen amount in theThis work was supported by Academic funding of Sapienza
extracellular matrix following in ammation is signicary  University of Rome.
reduced by ZNF281 silencing, likewise, intestinal cells
assuming a more stretched shape revert to the initaSUPPLEMENTARY MATERIAL
morphology.

In conclusion, our study suggests a model whereby th&he Supplementary Material for this article can be found
transcription factor ZNF281 controls in ammatory genes,online at: https://www.frontiersin.org/articles/10.388nmu.
like IL-8, IL-17, IL-23, and IL-1beta, as well as EMT/pro-2018.02907/full#supplementary-material
t_)I’OtIC.faCtOI’S, like SNAIL!_ SLUG!_ TIMP'l’ brc_)nectl_n, Supplementary Figure 1| Assessment of DSS induced-colitis in mice. Analyzed
vimentin, anda-SMA expression. During prolonged intestinal parameters were analyzed{A) weight loss; (B) colon length; (C) total clinical
in ammation, increased ZNF281 promotes in ammation itself score (stool consistency, presence of blood in stool, and geeral appearance)(D,
and potentially supports the EMT-induced brosis. Hence,E)histologyant_J histological score (10 magni cation in the image);(F) cytokine
i i . mRNA expression (IL-1beta, IL-6). Data are presented as mean S.D. of 6
if the pro-in ammatory role of ZNF281 will be conrmed ) L i
. K i L . X X animals for each group. UN, untreated animals; DSS, dextrasodium sulfate.
in vivo, its inhibition could improve gut inammation  \ann-whiteyt-test. P< 0.05; P< 0.01; P< 0.001.
and brosis in subjects with chronic diseases, including
IBD.

Future work will be aimed to deeply investigate the role ofSupplementary Figure 3| Whole gels of controls and CD patients.

ZNF281 in the onset and progression of brosis.

Supplementary Figure 2| Whole gels ofin vivoexperiments.

Supplementary Figure 4| Whole gels of UC patients.
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