l" frontiers
in Immunology

ORIGINAL RESEARCH
published: 11 December 2018
doi: 10.3389/fimmu.2018.02907

OPEN ACCESS

Edited by:

Christoph Thiemermann,

Queen Mary University of London,
United Kingdom

Reviewed by:

Satish Kumar Madala,

Cincinnati Children’s Hospital Medical
Center, United States

Pietro Ghezzi,

University of Sussex, United Kingdom

*Correspondence:
Laura Stronati
laura.stronati@uniroma.it

Specialty section:

This article was submitted to
Inflammation,

a section of the journal
Frontiers in Immunology

Received: 27 July 2018
Accepted: 27 November 2018
Published: 11 December 2018

Citation:

Pierdomenico M, Palone F, Cesi V,
Vitali R, Mancuso AB, Cucchiara S,
Oliva S, Aloi M and Stronati L (2018)
Transcription Factor ZNF281: A Novel
Player in Intestinal Inflammation and
Fibrosis. Front. Immunol. 9:2907.
doi: 10.3389/fimmu.2018.02907

Check for
updates

Transcription Factor ZNF281: A Novel
Player in Intestinal Inflammation and
Fibrosis

Maria Pierdomenico’, Franscesca Palone’, Vincenzo Cesi?, Roberta Vitali?,
Anna Barbara Mancuso', Salvatore Cucchiara’, Salvatore Oliva’, Marina Aloi’ and
Laura Stronati®*

" Pediatric Gastroenterology and Liver Unit, Department of Pediatrics, Sapienza University of Rome, Rome, ltaly, ° Division of
Health Protection Technologies, Territorial and Production Systems Sustainability Department, ENEA, Rome, ltaly,
3 Department of Cellular Biotechnology and Hematology, Sapienza University of Rome, Rome, ltaly

Background and aims: Recent evidences reveal the occurrence of a close relationship
among epithelial to mesenchymal transition (EMT), chronic inflammation and fibrosis.
ZNF281 is an EMT-inducing transcription factor (EMT-TF) involved in the regulation of
pluripotency, stemness, and cancer. The aim of this study was to investigate in vitro, in
vivo, and ex vivo a possible role of ZNF281 in the onset and progression of intestinal
inflammation. A conceivable contribution of the protein to the development of intestinal
fibrosis was also explored.

Methods: Human colorectal adenocarcinoma cell line, HT29, and C57BL/6 mice were
used for in vitro and in vivo studies. Mucosal biopsy specimens were taken during
endoscopy from 29 pediatric patients with Crohn’s disease (CD), 24 with ulcerative colitis
(UC) and 16 controls. ZNF281 was knocked down by transfecting HT29 cells with 20 nM
small interference RNA (siRNA) targeting ZNF281 (siZNF281).

Results: We show for the first time that ZNF281 is induced upon treatment with
inflammatory agents in HT29 cells, in cultured uninflamed colonic samples from CD
patients and in DSS-treated mice. ZNF281 expression correlates with the disease
severity degree of CD and UC patients. Silencing of ZNF281 strongly reduces both
inflammatory (IL-8, IL-1beta, IL-17, IL-23) and EMT/fibrotic (SNAIL, Slug, TIMP-1,
vimentin, fibronectin, and a-SMA) gene expression; besides, it abolishes the increase
of extracellular-collagen level as well as the morphological modifications induced by
inflammation.

Conclusions: The identification of transcription factor ZNF281 as a novel player of
intestinal inflammation and fibrosis allows a deeper comprehension of the pathogenetic
mechanisms underlying inflammatory bowel disease (IBD) and provide a new target for
their cure.
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INTRODUCTION

Inflammatory  bowel disease (IBD) is a  chronic
inflammatory disorder of the gastrointestinal (GI) tract
including two main phenotypes: Crohn’s disease (CD) and
ulcerative colitis (UC). Although many investigations have
highlighted an abnormal interplay among genetic, immunity
and gut microbiota as a key mechanism underlying IBD, a full
understanding of IBD pathogenesis is still unclear (1). Intestinal
fibrosis and subsequent stricture formation are frequent
complications of IBD, particularly in CD. Current hypothesis
suggests that the first step of intestinal fibrosis is a tissue damage
caused by a chronic inflammatory state. Afterward, activated
fibroblasts are recruited to the sites of inflammation to induce
wound healing and, finally, fibrosis results due to excessive
deposition of extracellular matrix (ECM) (2, 3). Recent studies
propose that epithelial to mesenchymal transition (EMT),
typically defined by the acquisition of a spindle cell morphology
in combination with loss of E-cadherin, is involved in intestinal
fibrosis following chronic inflammation (4-7).

Zinc-finger proteins (ZNFs) are one of the most abundant
groups of proteins with a key role in the regulation of important
cellular processes. Alterations in ZNFs are involved in the
development of several human diseases and in the progression
of cancer, including colorectal cancer (8, 9). Among ZNFs,
ZNF281, also known as ZBP-99 or ZNP-99, is a 99 kDa Kriippel-
type zinc-finger transcriptional regulator (10), expressed at high
levels in placenta, kidney, brain, heart, liver, and lymphocytes,
whereas most other tissues display detectable albeit low ZNF281
expression (11, 12).

Recently, ZNF281 has been characterized as an EMT-inducing
transcription factor (EMT-TF), suggesting its involvement in the
regulation of pluripotency, stemness, and cancer (11, 13-15).
Moreover, it seems that ZNF281 is a direct SNAIL target required
for SNAIL-induced EMT (16).

In the present study, we investigated in vitro, in vivo and
ex vivo the role of ZNF281 in intestinal inflammation and in
the regulation of pro-fibrotic genes. We showed that ZNF281 is
induced by inflammatory agent exposure in intestinal cells, in
murine colonic tissues and in cultured mucosal samples taken
from uninflamed colonic areas of CD patients. Interestingly,
ZNF281 silencing strongly reduces inflammatory as well as pro-
fibrotic genes, including SNAIL. Furthermore, we demonstrated
that ZNF281 and SNAIL are significantly increased, while E-
cadherin decreased, in the inflamed colon of CD and UC patients,
and ZNF281 expression levels correlate with the disease severity.
Our data strongly suggest for the first time a role of ZNF281 in
controlling intestinal inflammation and highlight its potential in
eliciting an EMT-induced intestinal fibrosis.

MATERIALS AND METHODS
Cell Culture

The human intestinal colorectal adenocarcinoma cell line,
HT29, was used for cell culture experiments (ATCC, Rockville,
MD, USA). Cells were maintained in 5% CO, atmosphere at

37°C in Dulbecco’s modified Eagle’s medium with 2mM L-
glutamine supplemented with 10% fetal bovine serum. The
pro-inflammatory cytomix, containing 250 ng/ml of IFNgamma
(Sigma, St. Louis, MO) and 100 ng/ml of TNFalpha (Sigma), was
added, for 24 h, for treatment of cell culture. All treatments were
carried out in serum-free condition. After 24h, proteins and
RNA were extracted for western blot and real-time PCR analysis,
respectively.

Animals

C57BL/6 female mice, a model highly susceptible to DSS-induced
colitis (8-9 weeks of age), were housed in collective cages
at 22/21°C under a 12h light/dark cycle and with food and
water provided ad libitum. Acute colitis was induced through
administration of dextran sodium sulfate (DSS, molecular mass,
36,000-50,000 Da, MP Biomedicals, Santa Ana, CA), dissolved
in autoclaved drinking water, for 7 days. Mice, 6 for group,
were randomly divided into two experimental groups: the control
group received regular drinking water and the DSS-treated group
received a solution with 3% (w/v) DSS. Mice were daily checked
for behavior, body weight, stool blood, and consistency. The
assessment of DSS-induced colitis and histological score were
performed as previously described (17). The 7th day the animals
were euthanized, colons were removed and frozen in liquid
nitrogen for protein extraction.

Patients

Twenty nine pediatric patients with CD (median age: 14.9
years; range: 6-18 years), 24 with UC (median age: 12.7 years;
range: 6-18 years), and 16 controls (median age: 12.5 years;
range: 6-18 years), referred to the Pediatric Gastroenterology
and Liver Unit of the Department of Pediatrics of the
Sapienza University of Rome-University Hospital Umberto I
were included in this study. All patients had an established
diagnosis of IBD in accordance with the ESPGHAN Porto
Criteria (18) and needed an ileocolonoscopy due to a disease
flare up despite therapy. The latter included azathioprine,
mesalazine, antibiotics or oral corticosteroids at low doses.
Patients undergoing biological therapy were excluded from the
study. The intestinal inflammation was assessed at endoscopy
by using the Simple Endoscopic Score for Crohn Disease (SES-
CD) (19) and the endoscopic Mayo subscore (20) in CD and UC
patients, respectively (Tables 1, 2). Children with incapacitating
functional GI complaints, having normal endoscopy, served as
controls (CTRL).

ETHICAL CONSIDERATIONS

Experimental procedures in vivo were carried out in accordance
with the recommendations of the Committee on the Ethics of
Animal Experiments of the Italian National Agency for New
Technology, Energy, and Sustainable Economic Development
(ENEA - Permit Number: 1175/2016-PR).

All patients entered into the study after informed written
consent from parents. The study was approved by the Ethical
Committee of the Sapienza University of Rome.

Frontiers in Immunology | www.frontiersin.org

December 2018 | Volume 9 | Article 2907


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

Pierdomenico et al.

ZNF281 in Intestinal Inflammation and Fibrosis

Biopsy Treatment

Mucosal biopsy specimens, taken from colonic districts, were
immediately snap frozen in liquid nitrogen or cultured following
the protocol described below.

Organ Cultures

Mucosal biopsy specimens were taken during endoscopy from
the colonic uninflamed areas of 3CD patients. Two biopsy
samples were taken from each patient and exposed to cytomix to
induce inflammation. Untreated samples were used as controls.
Biopsies were immersed in medium and cultured in 48-
well plates containing 700 pL of Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal bovine serum, L-glutamine
(2mM), penicillin (100 U/ml), streptomycin (100 mg/ml), and
gentamycin (100 mg/ml; Life Technologies- GibcoBRL, Milan,
Italy). Inflammation was obtained by adding to the medium
250 ng/ml of IFNgamma and 100 ng/ml of TNFalpha for 24h
at 37°C and 5% CO2. Then, total proteins were extracted for
western blot analysis.

Protein Extraction

Mucosal biopsy specimens, cellular pellets, and mice colonic
tissues were suspended in ice-cold lysis buffer (50 mM Tris
(pH 7.4), 5mM EDTA, 250mM NaCl, 0.1% Triton X-100,
1 mM phenylmethylsulfonylfluoride, 5 jLg/ml aprotinin, 5 pg/ml
leupeptin, and 1 mM sodium orthovanadate), homogenized, and
incubated in ice for 30 min. Samples were centrifuged at 14,000
rpm for 10min and supernatants collected and analyzed by
western blot.

Immunoblot Analysis

30 g of total proteins extracted from human biopsy and colonic
tissue of mice, 15 g of total protein extracted from HT29 cell
line, 40 pl of culture supernatants were fractionated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. Proteins were
transferred in polyvinylidene fluoride membrane (Amersham
Pharmacia Biotech, Uppsala, Sweden) and blocked with TBS-
T (Tris-buffered saline with 0.1% Tween-20) containing 5%
non-fat dry milk. Anti-ZNF281 (1:1,000; Abcam, Cambridge,
MA), anti-actin (1:1,000; Sigma), anti-SNAIL (1:1,000; Cell
Signaling Technology, Danvers, MA), anti-E-cadherin (1:2,500,
BD-Bioscience, Franklin Lakes, NJ), and anti-COL3A1 (1:000;
Thermoscientific, Rockford, USA) were diluted in TBS-T
containing 3% non-fat dry milk and incubated overnight at
4°C. Membranes were washed in TBS-T, incubated for 1h with
horseradish peroxidase-conjugated secondary antibody (Santa
Cruz Biotechnology, CA, USA), washed in TBS-T and developed
with Liteablot Extent Chemiluminescent substrate (Euroclone,
M]I, Italy). Densitometrical analyses of the blots were performed
using the Software Image Quant Las 500 (GE Healthcare Life
Science, Uppsala, Sweden).

Immunohistochemistry

Paraffin-embedded intestinal mucosa sections (4 um) of DSS-
treated mice or controls were prepared following standard
protocol. Briefly, sections were incubated in heat mediated
antigen retrieval solution pH 6.0 (Abcam) for 10 min at 95°C

and washed in water for 5 min. Peroxidases were then inhibited
by incubations in 3% H,O, for 10min and sections were
treated with 5% bovine serum albumin (Santa Cruz Biotech.)
for 20 min, incubated with primary anti-ZNF antibody (Abcam)
or anti-E-cadherin (BD Bioscience), diluted 1:100 or 1:250,
respectively, in phosphate-buffered saline 5% BSA over night at
4°C in a moist chamber. After washing, sections were incubated
with secondary anti-rabbit biotinylated antibody (Dako North
America, Carpinteria, CA) or anti-mouse-HRP linked antibody
(Santa Cruz Biotech.), for 30 min at room temperature. The DAB
detection kit (Dako) was used to visualize the antigen. Finally,
sections were stained with hematoxylin and eosin.

Real Time PCR

Total RNA was isolated from HT29 cells using the RNeasy kit
(QiaGen GmbH, Hilden, Germany), and 1 pg of total RNA was
reverse transcribed by a IScriptTM cDNA Synthesis Kit (BioRad,
Hercules, California, U.S.A). The RT-PCR amplifications

were obtained by a BioRad CFX96 Touch' " Real-Time PCR
Detection System using SsoAdvanced Universal SYBR Green
super Mix (BioRad). The following primers were used: ZNF281
fwd primer 5-GCCATCCTCTCCCCAAGTC-3, rvs primer
5-GAGCTTCGGAAAGCAGCACTA-3; IL-8 fwd primer
5'-CTGGCCGTGGCTCTCTTG-3, rvs primer 5-CTTGGC
AAAACTGCACCTTCA-3’; IL-17 fwd primer: 5-GGGCCT
GGCTTCTGTCTG-3', rvs primer: 5-AAGTTCGTTCTGCCC
CATCA-3’; 1L-1beta fwd primer: 5-AGACATCACCAAGCT
TTTTTGCT-3', rvs primer: 5-GCACGATGCACCTGTACG
AT-3'; 1L-23 fwd primer: 5-TGCAAAGGATCCACCAGG
GTCTGA-3/, rvs primer: 5-TGAGTGCCATCCTTGAGCTGC
TGC-3'; SLUG fwd primer: 5-TGTGTGGACTACCGCTGC
TC-3/, rvs primer: 5- GAGAGGCCATTGGGTAGCTG-3';
SNAIL fwd primer: 5-GACCACTATGCCGCGGTCTT-3/, rvs
primer: 5-TCGCTGTAGTTAGGCTTCCGATT-3'; TIMP-1 fwd
5'-CCATAACCCCGCAACTCACT-3/, rvs primer: 5-AGGTAA
GTGCCATGGTGAGC-3; VIMENTIN fwd primer: 5-CCT
CCTACCGCAGGATGTT-3, rvs primer: 5-CTGCCCAGG
CTGTAGGTG-3’; FIBRONECTIN fwd primer: 5-AGACCA
TACCTGCCGAATGTAG-3/, rvs primer: 5-GAGAGCTTC
CTGTCCTGTAGAG-3; a-SMA fwd primer: 5-CCGACC
GAATGCAGAAGGA-3', rvs primer: 5-ACAGAGTATTTG
CGCTCCGAA-3'; GAPDH fwd primer 5-GCACCGTCA
AGGCTGAGAAC-3/, rvs primer 5-GAGGGATCTCGCTCC
TGG-3'. GAPDH expression level was used to normalize mRNA
expression.

The quantity of mRNA relative to a reference gene was
calculated by the 2~2CT method.

Small Interference RNA Transfection

1 x 10° HT29 cells were seeded in a 6 multi-well plate to
reach 50% confluence at time of transfection. After 24 h, cells
were exposed to cytomix (IFNgamma 250 ng/ml + TNFalpha
10ng/ml), then, transfected with 20nM small interference
RNA (siRNA) targeting ZNF281 (siZNF281) and negative
control siRNA (siNC) (# 3898, Ambion, Carlsbad, USA)
using the INTERFERin siRNA Transfection reagent (Polyplus
transfection, Illkirch, France). Transfected cells were placed
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for 48h at 37°C in 5% CO2 incubator. Cell pellets were
collected for RNA and protein extraction and culture medium
collected for ELISA. During procedures, representative images
of cell morphology were acquired on a Leica DM IL LED
inverted microscope with LED illumination Leica DMC2900
Digital camera and complimentary software Leica Application
Suite (LAS) (magnification, 20X) (Leica Biosystems, Wetzlar,
Germany).

Quantification of Cytokines by
Enzyme-Linked Immunosorbent Assay
(ELISA)

The determination of IL-8, IL-lbeta, IL-17, and IL-
23 levels in cell culture medium was performed with a
competitive ELISA kit (R&D, Minneapolis, USA), according to
manufacturer’s instructions. Changes in the O.D. absorbance
were measured spectrophotometrically at a wavelength
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FIGURE 1 | ZNF281 mRNA (A) and protein (B) expression levels are increased in HT29 cells exposed to cytomix as compared to control cells (CTRL); western blot
(C) and immunohistochemistry (D) show that ZNF281 protein expression is significantly upregulated in the colonic mucosa of DSS-treated mice (N = 6) as compared
to control (CTRL) mice (N = 6) (different gels were indicated); (E) ZNF281 protein expression is significantly increased in colonic mucosal tissues taken from healthy
areas of 3CD patients exposed to cytomix and cultured for 24 h, as compared to uninflamed (UN) colonic mucosal samples. Densitometric analysis is showed. Data
represent the target gene expression normalized to the reference gene. Data are presented as mean + S.D. of 3 in vitro and ex vivo independent experiments, and 6
animals for each group. CTRL, controls; Cytomix (TNFalpha + IFNgamma); DSS, dextran sodium sulfate; UN, uninflamed. Mann-Whitney t-test. P <0.05; P <0.01.
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of 450nm. The
pg/ml.

cytokine concentration was given as

Statistics
All statistical analyses were performed with GraphPad InStat
software (GraphPad Software, San Diego, CA, USA). The
comparison between experimental groups was performed by
unpaired non-parametric t-test (Mann-Whitney). Correlation
between ZNF281 and endoscopic scores was assessed by the
Spearman’s rank correlation coefficient (r) according to the
statistical distribution of analyzed population.

All experiments were repeated three times and are
reproducible. Data were given as mean =+ standard deviation

TABLE 1 | Characteristics of the CD study population.

Subject Sex Age SES- Location Therapy
(years) CD
CD1 F 14 6 Inflamed colon Azathioprine,
mesalamine
CD2 M 9 15 Inflamed colon None
CD3 M 12 12 Inflamed colon None
CD4 M 14 30 Inflamed colon None
CD5 M 6 30 Inflamed colon Nutrition
CD6 M 16 7 Inflamed colon Azathioprine,
corticosteroids
CD7 M 13 21 Inflamed colon Corticosteroids
CD8 M 18 25 Inflamed colon Mesalamine
CD9 F 18 9 Inflamed+ Mesalamine
Uninflamed colon
CD10 M 15 17 Inflamed colon None
CD11 M 18 Inflamed colon Mesalamine,
antibiotics
CDh12 M 18 12 Inflamed colon Azathioprine
CD13 F 17 18 Inflamed colon Mesalamine,
nutrition
CD14 M 15 13 Inflamed+ None
Uninflamed colon
CD15 M 14 13 Inflamed colon Azathioprine
CD16 F 13 3 Inflamed colon Corticosteroids
CD17 F 18 7 Inflamed colon Azathioprine,
corticosteroids
CD18 M 15 18 Inflamed colon Corticosteroids
CD19 F 17 14 Inflamed colon Antibiotics
CD20 M 17 20 Inflamed colon Corticosteroids
CD21 F 17 10 Inflamed colon Corticosteroids
CDh22 M 10 18 Inflamed colon Corticosteroids
CD23 M 15 8 Inflamed colon Corticosteroids
CD24 F 17 0 Uninflamed colon Mesalamine
CD25 M 14 2 Uninflamed colon Azathioprine,
mesalamine
CD26 M 14 0 Uninflamed colon None
cbh27 M 18 0 Uninflamed colon None
CD28 M 18 5 Uninflamed colon Azathioprine
CD29 F 14 0 Uninflamed colon None

(S.D). Differences were noted as significant *p < 0.05, **p <
0.01, **p < 0.001.

RESULTS

ZNF281 Gene/Protein Expression
Increases in Inflamed Cells in in vitro, in

vivo, and ex vivo Models

HT29 cells exposed to the cytomix (TNFalpha + IFNgamma)
for 24h showed a significant increase (P < 0.05) of ZNF281
mRNA and protein expression levels as compared to control
cells (Figures 1A,B). To confirm this result in vivo, experimental
colitis 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 sacrificed and the colon removed. The induction and
severity degree of colitis was assessed by evaluating the following
end-points: body weight loss, clinical score, histological score,
large intestine length, and inflammatory cytokine expression

TABLE 2 | Characteristics of the UC study population.

Subject Sex Age Mayo Location Therapy
(years) score
ucC1 M 12 2 Inflamed colon Azathioprine,
sulphasalazine
uc2 F 18 2 Inflamed colon Azathioprine
ucs M 13 1 Inflamed colon Azathioprine,
sulphasalazine
uc4 F 10 2 Inflamed colon Mesalamine
ucs F 6 1 Inflamed+Uninflamed  None
colon
uce F 11 1 Inflamed colon None
ucr F 10 1 Inflamed colon Sulphasalazine
ucs F 12 2 Inflamed colon None
uc9 M 14 1 Inflamed+Uninflamed =~ Mesalamine,
colon azathioprine
uc10 F 10 3 Inflamed colon Mesalamine
uc11 M 9 2 Inflamed+Uninflamed ~ None
colon
uci2 F 11 Inflamed colon None
ucC13 17 Inflamed colon None
uci14 F 17 2 Inflamed+Uninflamed ~ None
colon
UC15 F 15 2 Inflamed colon None
uci16 F 16 2 Inflamed colon Sulphasalazine
uc17 M 8 0 Inflamed colon Azathioprine
uc18 M 7 2 Inflamed+Uninflamed  None
colon
uc19 M 9 2 Inflamed colon None
uc20 F 18 3 Inflamed colon Mesalamine
uc21 F 17 1 Inflamed colon Corticosteroids
uc22 M 18 1 Uninflamed colon Mesalamine
uc23 F 13 1 Uninflamed colon Mesalamine,
corticosteroids
uc24 F 11 0 Uninflamed colon Mesalamine
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(IL-6, IL-1beta) (Supplementary Figure 1). Western blotting
analysis showed that ZNF281 protein expression was significantly
(P < 0.01) upregulated in colonic mucosa of DSS-treated
mice as compared to control mice (Figure 1C). Whole gels of
in vivo experiments are provided as Supplementary Figure 2.
Immunohistochemistry confirmed the strong ZNF281 up-
regulation in epithelial cells and leukocyte infiltrate of inflamed
tissues, and a parallel decrease of the EMT marker, E-cadherin
(Figure 1D).

To further investigate this point, colonic mucosa samples
taken from the uninflamed areas of 3 CD patients were exposed
to cytomix and cultured for 24 h. Untreated samples were used as
controls (UN). Results showed that ZNF281 protein expression

was significantly increased (P < 0.05) in inflamed as compared to
uninflamed colonic mucosal samples (Figure 1E).

ZNF281 Is Increased in the Inflamed
Colonic Tissues of CD and UC Pediatric
Patients and Correlates With the Severity

of the Disease

Mucosal colonic samples were taken during ileocolonoscopy
from inflamed and uninflamed colonic mucosa of 29 CD
(Table 1) and 25 UC (Table 2) patients as well as of 16 age-
matched controls.
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We found a significant up-regulation of ZNF281 protein
expression in the inflamed colon of CD (Figures2A,B)
and UC (Figures 2A,C) patients as compared to controls
(P < 0.001) and to uninflamed colonic sample of the
same patients (CD: P < 0.01, UC: P < 0.001). Whole

gels of controls, CD and UC patients are provided as
Supplementary Figures 3, 4.

Since the endoscopic score is currently considered a reliable
measure of the intestinal inflammation degree, we related
ZNF281 levels, expressed as densitometric values, to the SES-CD
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and to the endoscopic Mayo subscore for CD and UC patients,
respectively. Results showed a positive correlation between SES-
CD and ZNF281 protein expression (r = 0.45 P < 0.05)
and between endoscopic Mayo subscore and ZNF281 protein
expression (r = 0.55; P < 0.01), although, a full statistical
significance was achieved only for the latter, probably due the low
number of enrolled patients (Figures 2D,E).

Given the close relationship between ZNF281, SNAIL, and E-
cadherin, all involved in EMT, we also investigated SNAIL and
E-cadherin protein expression in mucosal colonic samples of
inflamed CD, UC and in controls. Interestingly, we found that
SNAIL protein level was significantly increased and E-cadherin
decreased in CD (SNAIL: P < 0.01; E-cadherin P < 0.05) and UC
(SNAIL: P < 0.01; E-cadherin P < 0.001) patients as compared to
controls (Figures 2E,G).

Silencing ZNF281 Significantly Decreases

Inflammatory and Fibrotic Genes

To further assess the role of ZNF281 in inflammation, a
specific siRNA to knock-down ZNF281 expression was used.
Thus, HT29 cells were exposed to the cytomix and transfected
with a negative control siRNA (siNC) and siZNF281, for 48 h.
Then, ZNF281 mRNA and protein expression was analyzed.
Exposure to cytomix significantly up-regulated ZNF281 mRNA
and protein levels (P < 0.01 and P < 0.001, respectively)
that were strongly down-regulated by silencing (P < 0.01)
(Figures 3A,B). Inflammation was assessed analyzing, by Real
time PCR and ELISA, the following pro-inflammatory cytokines
IL-8, IL-1beta, IL-17, and IL-23. Results showed that all cytokine
mRNA and protein expression were significantly decreased
after ZNF281 silencing (mRNA: IL-8, IL-17: P < 0.05, IL-
1beta, IL-23: P < 0.01; protein: IL-8, IL-1beta, IL-17, and IL-
23: P < 0.01) (Figures 3C,D). Furthermore, knock-down of
ZNF281 significantly reduced mRNA expression of EMT and
pro-fibrotic genes SLUG, SNAIL, TIMP-1, vimentin, fibronectin
and a-SMA(P < 0.01) (Figure 3E), previously increased by
inflammation. Finally, to highlight a functional effect of ZNF281
in EMT we analyzed the collagen deposition in the extracellular
environment and the modification of cell morphology after
ZNF281 silencing. We found that the exposure to cytomix
induces after 48 h a significantly increase of extracellular-collagen
gathering (P < 0.01) and a change in cell morphology that is
abrogated by ZNF281 silencing (Figures 3E,G).

DISCUSSION

Intestinal fibrosis is a common complication of IBD: almost 30%
of patients with CD and 5% of patients with UC undergo surgery
due to intestinal strictures, with a recurrence risk around 50%
(21, 22). Intestinal stenosis is detected in approximately 10-17%
of children at the diagnosis, affecting up to 40% by 10 years after
diagnosis (23).

Currently, it is rising the hypothesis that IBD-associated
intestinal fibrosis might be the result of EMT. Transcription
factor ZNF281, emerged as a critical regulator of EMT, has
been recently thought to act at a nexus of inflammatory

gene programs (24). Here, we provide the first evidence that
ZNF281 is implicated in intestinal inflammation. Indeed, its
gene/protein expression levels are strongly increased in inflamed
HT29 cells, in inflamed colonic samples of CD patients cultured
for 24h and in mice with a DSS-induced colitis. To assess
the active role of ZNF281 in inflammation, we knocked-down
the gene in HT29 cells previously exposed to inflammatory
agents and demonstrated that pro-inflammatory cytokines, such
as IL-8, IL-17, IL-23, IL-1beta, are strongly down-regulated.
We also found a significant increase of ZNF281 in inflamed
colonic biopsies of CD and UC pediatric patients as compared
to uninflamed samples of the same patients and to control
subjects.

To our knowledge, a role of ZNF281 in inflammation had
never been proven before. Our features could be relevant for
more reasons. Firstly, the identification of a transcription factor
that targeting effective inflammatory molecules is noteworthy
as it might play a critical role in the pathogenesis of chronic
inflammatory diseases. Secondly, ZNF281 could represent a
novel therapeutic target for managing these complex disorders.
Finally, since ZNF281 expression in the inflamed colonic mucosa
of IBD patients positively correlates with the severity of the
disease, as measured by the endoscopic indexes, it is tempting
to suggest its use as a reliable marker of the inflammation
degree.

More interestingly, we explored the potential of ZNF281
in promoting fibrosis, given the role of this protein in EMT
and the link between EMT and fibrosis. Indeed, we found
that, in addition to ZNF281, SNAIL is similarly increased and
E-cadherin decreased in inflamed colonic tissues of CD and
UC patients. These results are in accordance with previous
observations supporting a relationship between ZNF281, SNAIL
and E-cadherin; in particular, Hahn et al showed the occurrence
of a coherent feed-forward loop between ZNF281 and SNAIL
(16). Thus, since SNAIL is significantly up-regulated in inflamed
HT?29 cells and strongly reduced after ZNF281 silencing, we also
suggest that ZNF281, known to be a SNAIL-target may in turn
control SNAIL expression determining a sort of regulatory loop
between the two proteins.

Moreover, we showed that the expression of EMT genes,
SLUG, TIMPI, vimentin, fibronectin, and a-SMA, significantly
increased during inflammation, is importantly decreased after
ZNF281 silencing. This result is particularly striking because
all these genes, in addition to their well-known role in EMT,
have been recently implied in IBD fibrosis and complications.
Accordingly, SLUG (SNAI2), a member of the SNAIL family of
zinc finger transcriptional repressors, is a central regulator of
EMT and acts by directly repressing E-cadherin (25). To date,
studies have been mainly focused on the influence of the protein
on tumor invasion and metastasis (26). However, more recently,
several authors reported a strong increase of SLUG in inflamed
and fibrotic tissues of UC and CD patients (4, 5) suggesting
its role in EMT-induced fibrogenesis of IBD. Moreover, SNAIL
and SLUG are thought to play a role in IBD complications,
such as fistulae (27). Similarly, increased levels of TIMP-1, a
member of tissue inhibitors of metalloproteinases (TIMP1-4)
group, have been reported in fibrotic lesions of mice with chronic
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inflammation and CD patients (28-30) while TIMP-1 deficiency
has been shown to weaken the development of fibrosis (31).
In addition, the pro-fibrotic factors, vimentin, fibronectin, and
a-SMA, have been recently found to be involved in fibrotic
processes by cell transition to mesenchymal phenotype in IBD
patients (32, 33).

As many studies focusing on the main phenotypic and
functional alterations of fibrotic cells have stressed the
relevance of improved collagen production, we analyzed
the collagen deposition as well as the morphological change
of inflamed intestinal cells before and after knocking-down
ZNF281. We found that increased collagen amount in the
extracellular matrix following inflammation is significantly
reduced by ZNF281 silencing, likewise, intestinal cells
assuming a more stretched shape revert to the initial
morphology.

In conclusion, our study suggests a model whereby the
transcription factor ZNF281 controls inflammatory genes,
like IL-8, IL-17, IL-23, and IL-1beta, as well as EMT/pro-
fibrotic factors, like SNAIL, SLUG, TIMP-1, fibronectin,
vimentin, and a-SMA expression. During prolonged intestinal
inflammation, increased ZNF281 promotes inflammation itself
and potentially supports the EMT-induced fibrosis. Hence,
if the pro-inflammatory role of ZNF281 will be confirmed
in vivo, its inhibition could improve gut inflammation
and fibrosis in subjects with chronic diseases, including
IBD.

Future work will be aimed to deeply investigate the role of
ZNF281 in the onset and progression of fibrosis.

REFERENCES

1. Lee SH, Kwon JE, Cho ML. Immunological pathogenesis of inflammatory
bowel disease. Intest Res. (2018) 16:26-42. doi: 10.5217/ir.2018.16

2. Rieder F, Brenmoehl ], Leeb S, Scholmerich ], Rogler G. Wound
healing and fibrosis in intestinal disease. Gut (2007) 56:130-9.
doi: 10.1136/gut.2006.090456

3. Cunningham ME Docherty NG, Burke JP, O’Connell PR. S100A4 expression
is increased in stricture fibroblasts from patients with fibrostenosing Crohn’s
disease and promotes intestinal fibroblast migration. Am ] Physiol Gastrointest
Liver Physiol. (2010) 299:G457-66. doi: 10.1152/ajpgi.00351

4. Zidar N, Bostjancti¢ E, Jerala M, Kojc N, Drobne D, Stabuc B, et al.
Down-regulation of microRNAs of the miR-200 family and up-regulation
of Snail and Slug in Inflammatory Bowel Diseases - hallmark of
epithelial-mesenchimal transition. J Cell Mol Med. (2016) 20:1813-20.
doi: 10.1111/jcmm. 12869

5. Scharl M, Huber N, Lang S, First A, Jehle E, Rogler G. Hallmarks
of epithelial to mesenchimal transition are detectable in Chron’s
diseases associated intestinal fibrosis. Clin Transl Med. (2015) 4:1.
doi: 10.1186/540169-015-0046-5

6. Flier SN, Tanjore H, Kokkotou EG, Flier SN, Tanjore H, Kokkotou EG,
et al. Identification of epithelial to mesenchymal transition as a novel
source of fibroblasts in intestinal fibrosis. J Biol Chem. (2010) 285:20202-12.
doi: 10.1074/jbc.M110.102012

7. Lépez-Novoa JM, Nieto MA. Inflammation and EMT: an alliance towards
organ fibrosis and cancer progression. EMBO Mol Med. (2009) 1:303-14.
doi: 10.1002/emmm.200900043

8. Cassandri M, Smirnov A, Novelli E Pitolli C, Agostini M, Malewicz M, et al.
Zinc-finger proteins in health and disease. Cell Death Discov. (2017) 3:17071.
doi: 10.1038/cddiscovery.2017.71

AUTHOR CONTRIBUTIONS

LS and VC were involved in the conception and design of the
study. SO and MA were involved in the enrollment of patients
and acquisition of data. MP, FP and ABM made the experimental
analysis. LS, MP and FP were involved in the interpretation of
data. LS and RV were involved in drafting the article. SC and RV
participated at the revision of the article.

FUNDING

This work was supported by Academic funding of Sapienza
University of Rome.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fimmu.
2018.02907/full#supplementary-material

Supplementary Figure 1 | Assessment of DSS induced-colitis in mice. Analyzed
parameters were analyzed: (A) weight loss; (B) colon length; (C) total clinical
score (stool consistency, presence of blood in stool, and general appearance); (D,
E) histology and histological score (10 x magnification in the image); (F) cytokine
MRNA expression (IL-1beta, IL-6). Data are presented as mean + S.D. of 6
animals for each group. UN, untreated animals; DSS, dextran sodium sulfate.
Mann-Whitney t-test. *P < 0.05; **P < 0.01; **P < 0.001.

Supplementary Figure 2 | Whole gels of in vivo experiments.
Supplementary Figure 3 | Whole gels of controls and CD patients.

Supplementary Figure 4 | Whole gels of UC patients.

9. ZhuY, Zhou Q, Zhu G, Xing Y, Li S, Ren N, et al. GSK-3p phosphorylation-
dependent degradation of ZNF281 by B-TrCP2 suppresses colorectal cancer
progression. Oncotarget (2017) 8:88599-612. doi: 10.18632/oncotarget.20100

10. Lisowsky T, Polosa PL, Sagliano A, Roberti M, Gadaleta MN, Cantatore P.
Identification of human GC-box-binding zinc finger protein, a new Kriippel-
like zinc finger protein, by the yeast one-hybrid screening with a GC-rich
target sequence. FEBS Lett. (1999) 453:369-74.

11. Fidalgo M, Shekar PC, Ang YS, Fujiwara Y, Orkin SH, Wang J. Zfp281
functions as a transcriptional repressor for pluripotency of mouse embryonic
stem cells. Stem Cells (2011) 29:1705-16. doi: 10.1002/stem.736

12. Law DJ, Du M, Law GL, Merchant JL. ZBP-99 defines a conserved family of
transcription factors and regulates ornithine decarboxylase gene expression.
Biochem Biophys Res Commun. (1999) 262:113-20.

13. Pieraccioli M, Nicolai S, Antonov A, Somers J, Malewicz M, Melino G,
et al. ZNF281 contributes to the DNA damage response by controlling
the expression of XRCC2 and XRCC4. Oncogene (2016) 35:2592-601.
doi: 10.1038/0nc.2015.320

14. Hahn S, Hermeking H. ZNF281/ZBP-99: a new player in epithelial-
mesenchimal transition, stemness, and cancer. ] Mol Med (Berl). (2014)
92:571-81. doi: 10.1007/s00109-014-1160-3.

15. Fidalgo M, Huang X, Guallar D, Sanchez-Priego C, Valdes V], Saunders A,
et al. Zfp281 coordinates opposing functions of Tetl and Tet2 in pluripotent
states. Cell Stem Cell (2016) 19:355-69. doi: 10.1016/j.stem.2016.05.025

16. Hahn S, Jackstadt R, Siemens H, Hiinten S, Hermeking H. SNAIL and miR-34a
feed-forward regulation of ZNF281/ZBP99 promotes epithelial-mesenchymal
transition. EMBO J. (2013) 32:3079-95. doi: 10.1038/emboj.2013.236

17. Vitali R, Palone F Cucchiara S, Negroni A, Cavone L, Costanzo
M, et al. Dipotassium glycyrrhizate inhibits HMGBI1-dependent
inflammation and ameliorates colitis in mice. PLoS ONE (2013) 8:e66527.
doi: 10.1371/journal.pone.0066527

Frontiers in Immunology | www.frontiersin.org

December 2018 | Volume 9 | Article 2907


https://www.frontiersin.org/articles/10.3389/fimmu.2018.02907/full#supplementary-material
https://doi.org/10.5217/ir.2018.16
https://doi.org/10.1136/gut.2006.090456
https://doi.org/10.1152/ajpgi.00351
https://doi.org/10.1111/jcmm.12869
https://doi.org/10.1186/s40169-015-0046-5
https://doi.org/10.1074/jbc.M110.102012
https://doi.org/10.1002/emmm.200900043
https://doi.org/10.1038/cddiscovery.2017.71
https://doi.org/10.18632/oncotarget.20100.
https://doi.org/10.1002/stem.736
https://doi.org/10.1038/onc.2015.320
https://doi.org/10.1007/s00109-014-1160-3.
https://doi.org/10.1016/j.stem.2016.05.025
https://doi.org/10.1038/emboj.2013.236
https://doi.org/10.1371/journal.pone.0066527
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

Pierdomenico et al.

ZNF281 in Intestinal Inflammation and Fibrosis

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Levine A, Koletzko S, Turner D, Escher JC, Cucchiara S, de Ridder L, et al.
ESPGHAN revised Porto criteria for the diagnosis of inflammatory bowel
disease in children and adolescents. J Pediatr Gastroenterol Nutr. (2014)
20:291-300. doi: 10.1097/MPG.0000000000000239

Daperno M, D’Haens G, Van Assche G, Baert F Bulois P, Maunoury V,
et al. Development and validation of a new, simplified endoscopic activity
score for Crohn’s disease: the SES-CD. Gastrointes Endosc. (2004) 60:505-12.
doi: 10.1016/50016-5107(04)01878-4

Schroeder KW, Tremaine W], Ilstrup DM. Coated oral 5-amino- salicylic acid
therapy for mildly to moderately active ulcerative colitis. A randomized study.
N Engl ] Med. (1987) 317:1625-29.

Latella G. Redox imbalance in intestinal fibrosis: beware of the
TGFB-1, ROS, and Nrf2 connection. Dig Dis Sci. (2018) 63:312-20.
doi: 10.1007/s10620-017-4887-1

Rieder F, de Bruyn JR, Pham BT, Katsanos K, Annese V, Higgins PD, et al.
Results of the 4th scientific workshop of the ECCO (Group II): markers
of intestinal fibrosis in inflammatory bowel disease. J Crohns Colitis (2014)
8:1166-78. doi: 10.1016/j.crohns.2014.03.009

Stenke E, Bourke B and Knaus U. Crohn’s strictures - Moving away from the
knife. Front Pediatr. (2017) 5:141. doi: 10.3389/fped.2017.00141

Zhou H, Morales MG, Hashimoto H, Dickson ME, Song K, Ye W,
et al. ZNF281 enhances cardiac reprogramming by modulating cardiac
and inflammatory gene expression. Genes Dev. (2017) 31:1770-83.
doi: 10.1101/gad.305482.117

Serrano-Gomez SJ, Maziveyi M, Alahari S. Regulation of epithelial-
mesenchymal transition through epigenetic and post-translational
modifications. Mol Cancer (2016) 15:18. doi: 10.1186/s12943-016-0502-x
Phillips S, Kuperwasser C. SLUG: critical regulator of epithelial cell
identity in breast development and cancer. Cell Adh Migr. (2014) 8:578-87.
doi: 10.4161/19336918.2014.972740

Scharl M, Weber A, Fiirst A, Farkas S, Jehle E, Pesch T, et al
Potential role for SNAIL family transcription factors in the etiology of
Crohn’s disease-associated fistulae. Inflamm Bowel Dis. (2011) 17:1907-16.
doi: 10.1002/ibd.21555

McKaig BC, McWilliams D, Watson SA, Mahida YR. Expression
regulation  of inhibitor of metalloproteinase-1 and

and tissue

29.

30.

31.

32.

33.

matrix metalloproteinases by intestinal
inflammatory bowel disease. Am ] Pathol.
doi: 10.1016/S0002-9440(10)63931-4

Graham ME Diegelmann RE Elson CO, Lindblad WJ, Gotschalk N, Gay S,
et al. Collagen content and types in the intestinal strictures of Crohn’s disease.
Gastroenterology (1988) 94:257-65.

Lawrance IC, Wu F Leite AZ, Willis J, West GA, Fiocchi C, et al. A
murine model of chronic inflammation-induced intestinal fibrosis down-
regulated by antisense NF-kappa B. Gastroenterology (2003) 125:1750-61.
doi: 10.1053/j.gastro.2003.08.027

Breynaert C, de Bruyn M, Arijs I, Cremer ], Martens E, Van Lommel
L, et al. Genetic deletion of tissue inhibitor of metalloproteinase-1/TIMP-
1 alters inflammation and attenuates fibrosis in dextran sodium sulphate-
induced murine models of colitis. J Crohns Colitis (2016) 10:1336-50.
doi: 10.1093/ecco-jcc/jjw101

Ippolito C, Colucci R, Segnani C, Errede M, Girolamo F, Virgintino
D, et al. Fibrotic and vascular remodelling of colonic wall in patients
with active ulcerative colitis. J Crohns Colitis (2016) 10:1194-204.
doi: 10.1093/ecco-jcc/jjw076

Moriggi M, Pastorelli L, Torretta E, Tontini GE, Capitanio D, Bogetto SE,
et al. Contribution of extracellular matrix and signal mechanotransduction
to epithelial cell damage in inflammatory bowel disease patients: a proteomic
study. Proteomics (2017) 17:23-24. doi: 10.1002/pmic.201700164

myofibroblasts  in
(2003)  162:1355-60.

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Pierdomenico, Palone, Cesi, Vitali, Mancuso, Cucchiara, Oliva,
Aloi and Stronati. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Immunology | www.frontiersin.org

10

December 2018 | Volume 9 | Article 2907


https://doi.org/10.1097/MPG.0000000000000239
https://doi.org/10.1016/S0016-5107(04)01878-4
https://doi.org/10.1007/s10620-017-4887-1
https://doi.org/10.1016/j.crohns.2014.03.009
https://doi.org/10.3389/fped.2017.00141
https://doi.org/10.1101/gad.305482.117
https://doi.org/10.1186/s12943-016-0502-x
https://doi.org/10.4161/19336918.2014.972740
https://doi.org/10.1002/ibd.21555
https://doi.org/10.1016/S0002-9440(10)63931-4
https://doi.org/10.1053/j.gastro.2003.08.027
https://doi.org/10.1093/ecco-jcc/jjw101
https://doi.org/10.1093/ecco-jcc/jjw076
https://doi.org/10.1002/pmic.201700164
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

	Transcription Factor ZNF281: A Novel Player in Intestinal Inflammation and Fibrosis
	Introduction
	Materials and Methods
	Cell Culture
	Animals
	Patients

	Ethical Considerations
	Biopsy Treatment
	Organ Cultures
	Protein Extraction
	Immunoblot Analysis
	Immunohistochemistry
	Real Time PCR
	Small Interference RNA Transfection
	Quantification of Cytokines by Enzyme-Linked Immunosorbent Assay (ELISA)
	Statistics

	Results
	ZNF281 Gene/Protein Expression Increases in Inflamed Cells in in vitro, in vivo, and ex vivo Models
	ZNF281 Is Increased in the Inflamed Colonic Tissues of CD and UC Pediatric Patients and Correlates With the Severity of the Disease
	Silencing ZNF281 Significantly Decreases Inflammatory and Fibrotic Genes

	Discussion
	Author Contributions
	Funding
	Supplementary Material
	References


