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Abstract

BACKGROUND

Intestinal inflammation and epithelial injury are the leading actors of
inflammatory bowel disease (IBD), causing an excessive pro-inflammatory
cytokines expression. Tristetraprolin (TTP), an mRNA binding protein, plays a
role in regulating the inflammatory factors, recognizing specific sequences on the
3" untranslated region of cytokine mRNAs. TTP activity depends on its
phosphorylation state: the unphosphorylated TTP degrades pro-inflammatory
cytokine mRNAs; on the contrary, the phosphorylated TTP fails to destabilize
mRNAs furthering their expression. The phospho-TTP forms a complex with the
chaperone protein 14-3-3. This binding could be one of the factors that promote
intestinal inflammation as a cause of disease progression.

AIM
To assess if TTP phosphorylation has a role in paediatric IBD.

METHODS

The study was carried out on a cohort of paediatric IBD patients. For each patient
enrolled, a specimen of inflamed and non-inflamed colonic mucosa was collected.
Furthermore, the experiments were conducted on macrophages differentiated
from blood samples of the same patients. Macrophages from healthy donors’
blood were used as controls. Co-immunoprecipitation assay and immunoblotting
analyses were performed to observe the formation of the phospho-TTP/14-3-3
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complex. In the same samples TNF-a expression was also evaluated as major
factor of the pro-inflammatory activity.

RESULTS

In this work we studied indirectly the phosphorylation of TTP through the
binding with the chaperone protein 14-3-3. In inflamed and non-inflamed colon
mucosa of IBD paediatric patients immunoblot assay demonstrated a higher
expression of the TTP in inflamed samples respect to the non-inflamed; the co-
immunoprecipitated 14-3-3 protein showed the same trend of expression. In the
TNF-a gene expression analysis higher levels of the cytokine in inflamed tissues
compared to controls were evident. The same experiments were conducted on
macrophages from IBD paediatric patients and healthy controls. The immunoblot
results demonstrated a high expression of both TTP and co-immunoprecipitated
14-4-3 protein in IBD-derived macrophages in comparison to healthy donors.
TNEF-a protein levels from macrophages lysates showed the same trend of
expression in favour of IBD paediatric patients compared to healthy controls.

CONCLUSION

In this work, for the first time, we describe a relation between phospho-TTP/14-
3-3 complex and IBD. Indeed, a higher expression of TTP/14-3-3 was recorded in
IBD samples in comparison to controls.

Key words: Inflammatory bowel disease; Tristetraprolin; 14-3-3 protein; Phosphorylation;
Cytokines; Inflammation

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: We report a preliminary study describing the role of tristetraprolin (TTP)/14-3-
3 protein complex in a small cohort of paediatric patients affected by inflammatory
bowel disease (IBD). The experiments were conducted on IBD inflamed and non-
inflamed colonic tissues and in IBD-derived macrophages in comparison to healthy
donors. This study demonstrates for the first time the relation between the
phosphorylation of TTP and IBD in paediatric patients. Indeed, a higher expression of
the TTP/14-3-3 protein complex was recorded both in inflamed compared to non-
inflamed colon specimens and in IBD-derived in comparison to healthy donors’
macrophages.

Citation: Di Silvestre A, Lucafdo M, Pugnetti L, Bramuzzo M, Stocco G, Barbi E, Decorti G.
Role of tristetraprolin phosphorylation in paediatric patients with inflammatory bowel
disease. World J Gastroenterol 2019; 25(39): 5918-5925

URL: https://www.wjgnet.com/1007-9327/full/v25/i139/5918.htm

DOI: https://dx.doi.org/10.3748/wjg.v25.i39.5918

INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic immune-mediated condition of the
gastro-intestinal tract that includes ulcerative colitis (UC) and Crohn’s disease (CD).
The incidence and prevalence of IBD is increasing and the disease is frequently
diagnosed in adolescents and young adults!', where the negative consequences on
growth, development and psychosocial function are more evident”. Genetic and
environmental factors have a crucial role in the pathogenesis of IBD, a combination of
both seems to initiate an alteration in the epithelial barrier that causes an aberrant
cytokine response, promoting chronic inflammation of the gastrointestinal tract!’l.
Indeed, cytokines drive intestinal inflammation and associated symptoms in
progressive and destructive forms with intestinal stenosis, rectal bleeding, abscesses
and fistula formation!"l.

Cytokine mRNA sequences contain adenosine/uridine-rich elements (ARE) on the
3’ untranslated region (3"UTR) that contribute to the regulation of the transcriptst.
Degradation or stability are guided by a group of proteins, called mRNA-binding
proteins, that recognize and bind the sequences on the 3'UTR. The most characterized
protein of this family is tristetraprolin (TTP), a member of the Cys-Cys-Cys-His class,
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encoded by the ZFP36 genel”), that, through the two-zinc finger domains, binds the
ARE sequence of pro-inflammatory cytokine mRNAs, like tumor necrosis factor
(TNF)-a, interleukin (IL)-1p, IL-2 and IL-6. Once bound, TTP promotes their
degradation by recruiting several proteins that participate in mRNA regulation. These
include the carbon catabolite repression 4/chromatin assembly factor-1/negative on
TATA 1 (Ccr4/Cafl/Notl) deadenylase complex, that shortens the 3’-poly(A) tail.
When the poly(A) tail is shortened, the decappining enzymes remove the 7-
methylguanylate cap from the 5-end of mRNA, and exonucleases promote a rapid
degradation of mRNA from either the 5" or 3" end*l. TTP expression has been
observed in different tissues with a peculiar distribution in macrophages: Very low
levels of the protein were detected in resting macrophages but, after an appropriate
pro-inflammatory stimulus, TTP expression was rapidly induced”'’!. Following
stimulation, TTP becomes phosphorylated in almost 30 sites but only for two the
function is known, the serines (S) 52 and 178 in mouse (corresponding to human S60
and S186).

The process of TTP phosphorylation is not completely clear, but different authors
proposed the involvement of the mitogen-activated protein kinase (MAPK) p38
signalling pathway, that, via the downstream kinase MAPK-activated protein kinase 2
(MAPKAP kinase 2 or MK2), induces the phosphorylation of the two serines!''?..
Furthermore, in primary cultures of macrophages and in a murine macrophages cell
line (RAW264.7) the addition of MAPK p38 inhibitor leads to a rapid degradation of
TTP through the proteasome complex, demonstrating that phosphorylation is also
necessary to protect TTP from destruction’l.

The phosphorylation process promotes the binding of TTP protein with a low
molecular-weight adaptor protein called 14-3-3!"“"l. This interaction changes the
structure of TTP in a more stable one, since the unphosphorylated form is rapidly
degraded by the proteasome, inhibits the recruitment of the Ccr4/Cafl/Notl complex
and consequently the target mRNAs are stabilized!*'”). Ross and collaborators
generated a knock-in mouse strain, in which S52 and 178 were replaced with alanines
that cannot be phosphorylated. In primary macrophages of knock-in mice, low
concentrations of unphosphorylated, rapidly degraded TTP, were observed and a
reduced expression of different pro-inflammatory cytokines was recorded!"l.
Furthermore, experiments in TTP-deficient mice revealed that the protein is necessary
in orchestrating the response to pro-inflammatory stimuli; a severe syndrome of
growth retardation, cachexia, arthritis, inflammation, autoimmunity, together with an
over-expression of TNF-a in macrophages, was observed in these animals,
underlining the importance of TTP!'’l. Recently, TTP expression was studied in
rheumatoid arthritis patients; confocal images revealed a high expression of the
phosphorylated TTP in synovial tissues, corroborating the hypothesis that the protein
can be involved in prolonged inflammation!"'l. In this work, we investigated whether
the TTP protein and 14-3-3 complex are differently expressed in inflamed and non-
inflamed colonic tissues of paediatric patients with IBD.

MATERIALS AND METHODS

Clinical samples

Thirty-four IBD paediatric patients (mean age at enrolment 12.6 years, 16 UC and 18
CD, 18 males and 16 females) were enrolled at diagnosis at the Gastroenterology
department of Paediatric Clinic of IRCCS Burlo Garofolo in Trieste. Local ethical
committee approval for the study was obtained and the parents of all the participating
children gave written informed consent. For each patient, during a colonoscopy,
inflamed and non-inflamed tissues were collected in TRIzol® for RNA isolation.

Inflamed and non-inflamed colonic biopsies obtained from four additional patients
(mean age at enrolment 13.8 years, 2 UC and 2 CD, 3 males and 1 females) were
immediately frozen on dry ice and used for protein analysis. Blood samples were also
collected and peripheral blood mononuclear cells (PBMCs) were isolated. PBMCs
were also collected from four healthy donors (HD) from the Transfusion Center,
Azienda Ospedaliera Universitaria, Trieste. Blood was obtained by venipuncture
between 08.00 a.m. and 10.00 a.m. to minimize the variability due to circadian rhythm,
and immediately processed.

PBMCs of patients and HD were obtained by density gradient centrifugation on
Ficoll Paque™ Plus (Healthcare, Milan, Italy). Human macrophages were
differentiated from PBMCs by stimulation with GM-CSF (50 ng/ml, Millipore, Milan,
Italy) for 7 days in RPMI 1640 containing 100 g/L of foetal calf serum, 10 g/L L-
glutamine 200 mM, 10 g/L penicillin 10000 UI/mL and streptomycin 10 g/L (Sigma-
Aldrich, St. Louis, MO, United States).
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Total RNA isolation

Total RNA was extracted from patients’ colonic mucosa using TRIzol® reagent
(Thermo Scientific, Carlsbad, CA, United States) according to manufacturer’s
instructions. The RNA concentration and purity were calculated by NanoDrop
instrument (NanoDrop 2000, EuroClone®, Milan, Italy).

Quantitative real-time PCR (TagMan®)

Expression levels of ZFP36 and TNF were evaluated by real-time RT-PCR TaqgMan®
analysis using the CFX96 real-time system-C1000 Thermal Cycler (Bio-Rad
Laboratories, Hercules, CA, United States). The reverse transcription reaction was
carried out with the High Capacity RNA-to-cDNA Kit (Applied Biosystem, Carlsbad,
CA, United States), and the real-time PCR was performed in triplicate using the
TagMan® Gene Expression Assay to assess ZFP36 and TNF mRNA expression,
according to the manufacturer’s instructions. ZFP36 and TNF expression values were
normalized using the ribosomal protein lateral stalk subunit PO (RPLP0) as reference
gene. The results were expressed as Log2 of the ACt relative expression (RE).

Co-Immunoprecipitation assay

The ab206996 immunoprecipitation kit (Abcam, Cambridge, United Kingdom) was
used on proteins derived from patients’ colon biopsies and macrophages
differentiated from PBMCs obtained from patients and HD according to the
manufacturer’s instructions. Briefly, samples were homogenized in non-denaturating
lysis buffer, complete of protease inhibitor cocktail and inhibitor tablets for
phosphatase (PhosSTOP™, Sigma-Aldrich, St. Louis, MO, United States). The cell
extracts were mixed at 4 °C and then centrifuged at 10000 x g for 10 min at 4 °C. The
supernatants were incubated with TTP antibody (1:1000, Millipore, Milan, Italy) for 4
h at 4 °C. This antibody recognizes both the unphosphorylated and phosphorylated
forms. After antibody binding to protein lysate, 40 pL of protein A/G Sepharose®
beads were added and incubated for an hour at 4 °C. After three steps of washes with
the appropriate buffer at 4 °C, the lysates were eluted with the 2X SDS-PAGE loading
buffer and subsequently analysed for TTP (immunoprecipitated) and 14-3-3 (Co-
immunoprecipitated) expression.

Immunoblot

Protein expression was evaluated by immunoblot. Samples were run in a PAGEr™
Mini-gel Chamber (Lonza, Milan, Italy) using 10% acrylamide gels with a Tris-Glycine
buffer and subsequently semi-dry blotted for 2 h with 50 mA current on PVDF
membrane. After blocking for 1 h with 5% not-fat milk in Tween/Tris buffered salt
solution (T-TBS), membranes were incubated overnight at 4 °C with primary
antibodies (anti-actin 1:10000, anti-TTP 1:1000 Millipore, Milan, Italy, anti-14-3-3
1:1000 Abcam, Cambridge, United Kingdom and anti-TNF-a 1:6000, Inflectra, Pfizer,
New York, United States). Membranes were then washed in T-TBS and incubated for
1 h at 37 °C with anti-rabbit HRP-conjugated secondary antibody 1:50000 (Millipore,
Milan, Italy) and anti-human HRP-conjugated secondary antibody 1:10000 (Sigma-
Aldrich, St. Louis, MO, United States). Chemiluminescence was developed using
LiteAblot® TURBO (EuroClone®, Milan, Italy) and exposed on Kodak Biomax film
(Sigma-Aldrich, St. Louis, MO, United States). Protein expression was quantified on
immunoblot images using the Image] software and are reported in percentage respect
to actin.

Statistical analysis

Statistical analyses were performed using GraphPad Prism version 6.00e. Mann-
Whitney test and t-test were used for the analysis of protein expression. Wilcoxon
signed rank test and t-test were used for gene expression analysis in colon biopsies of
IBD patients. The results are provided as means and standard errors.

RESULTS

TTP expression in colon tissues of IBD patients

TTP gene expression analysis was performed in inflamed and non-inflamed biopsies
of thirty-four paediatric IBD patients. After normalization with RPLPO, no differences
were observed between the two groups (Log2 TTP RE ACt, non-inflamed = -4.384 +
0.20 and inflamed = -4.682 + 0.22, P > 0.05). Therefore, TTP was analysed at the
protein level, since the protein undergoes extensive post-translational modifications,
particularly phosphorylations, that can influence its stability and activity.
Immunoprecipitation analysis was used to enrich TTP levels in tissue extracts. The
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experiments were conducted on four IBD paediatric patients in active phase of the
disease. Quantification of the protein, performed with immunoblot analysis, showed
an increased expression of TTP in the inflamed mucosa in comparison to the non-
inflamed (fold change inflamed/non-inflamed = 2; relative quantity of TTP
expression, non-inflamed = 37 £ 11.69 and inflamed = 74 £ 10.44, P < 0.05) (Figure 1A
and 1B).

Since the 14-3-3 protein forms a complex with the phospho-TTP, the 14-3-3 protein
expression was also evaluated. 14-3-3 levels exhibited the same trend of TTP
expression, suggesting the presence of a phospho-TTP/14-3-3 complex. Interesting
TNF-a mRNA levels were more expressed in IBD inflamed in comparison to non-
inflamed biopsies (Log2 TNF-a RE Ct, non-inflamed = -9.373 + 0.73 and inflamed = -
7.331 £ 0.58, P < 0.05) indicating a potential role of TTP in its regulation (Figure 1C).

TTP expression in macrophages

Macrophages were differentiated from PBMCs of four IBD paediatric patients with
active disease and four HD. Immunoprecipitation, co-immunoprecipitation and
immunoblot analyses were used to detect and quantify TTP, 14-3-3 and TNF-a. TTP
and 14-3-3 showed a significantly higher complex formation in IBD compared to HD
macrophages (fold change TTP IBD/HD = 4.8; relative quantity TTP, HD= 27 + 10.29
and IBD =130 + 24.48, TTP, P < 0.05. Fold change 14-3-3 IBD/HD = 2.7 14-3-3; relative
quantity HD = 49 £ 13.34 and IBD = 133 £ 16.72, P < 0.05). For TNF-qa, a higher
expression was observed in IBD in comparison to HD samples, however the
difference was not significant (fold change TNF-a IBD/HD = 2.6; relative quantity
TNF-a, HD = 85 £12.00 and IBD = 221 £ 70.44, P > 0.05) (Figure 2).

DISCUSSION

TTP expression in terms of mRNA and proteins has been studied in in vitro cell line
models such as fibroblasts and macrophages under inflammatory conditions, but little
is known on the regulation of TTP in patients with inflammatory diseases!"*"l. We
have studied TTP mRNA expression in inflamed and non-inflamed colonic mucosa of
paediatric IBD patients and no appreciable differences were evident. These results are
in line with data obtained by Suzuki and collaborators on TTP mRNA expression in
the synovium of patients with rheumatoid arthritisi*'l.

We speculate that the activity of TTP is under the control of post-translational
modifications such as phosphorylation. Indeed, in terms of protein expression, in the
present work we describe different TTP levels in inflamed tissues of IBD paediatric
patients compared to the non-inflamed tract; moreover, the same trend of expression
was evident for 14-3-3 protein expression after a co-immunoprecipitation assay. Since
the phosphorylation process promotes the binding of TTP protein with the 14-3-3
protein!*'"l, these data suggest indirectly the presence of the phospho-TTP/14-3-3
complex. These results are in agreement with what was observed by other authors;
indeed, Ross and collaborators, using an immunostaining approach, demonstrated an
increased TTP expression in synovial tissues of patients with RA compared with non-
inflamed controls. The authors evaluated the involvement of phosphorylation
through the study of the kinases cascade that involves the MAPK p38 and MK2. In
detail, also in this case, the phosphorylation is described indirectly thanks to the co-
localization of TTP and MK2 which induces the phosphorylation of TTP!""'"?. The
phosphorylation process promotes the binding of TTP with 14-3-3!"""I and the
expression of pro-inflammatory cytokines!"*'”! as demonstrated by the TNF-a mRNA
expression observed in our samples.

The role of macrophages in TTP production is known, and most studies were
conducted on immortalized or primary mouse macrophages; however, little is known
about TTP expression in human macrophages differentiated from patients affected by
inflammatory diseases!’l. Macrophages of IBD paediatric patients showed a higher
complex formation of TTP and 14-3-3 in comparison to HD. Hence, levels of TTP
protein in IBD patients would be indicative of active inflammation, and the increase of
14-3-3 protein indirectly supports the hypothesis of TTP phosphorylation.

These preliminary results describe, for the first time, the involvement of TTP/14-3-
3 complex in IBD. Further studies are needed in a larger court of patients to clarify the
role of TTP phosphorylation and this finding could open new perspectives in the
study of IBDs and in the investigation of new target therapies based on the
modulation of TTP phosphorylation.
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Figure 1 Tristetraprolin, 14-3-3 protein and tumor necrosis factor-a expression in colonic mucosa of paediatric inflammatory bowel disease patients. A:
Tristetraprolin (TTP) immunoprecipitated, 14-3-3 co-immunoprecipitated expressions in inflamed and non-inflamed frozen colonic inflammatory bowel disease (IBD)
tissues were calculated with respect to actin as loading control. Parametric t-test, TTP 2P < 0.05; B: Representative image of immunoblot experiments; C: Tumor
necrosis factor-a (TNF-a) gene expression in inflamed and non-inflamed frozen colonic IBD tissues was calculated with respect to ribosomal protein lateral stalk
subunit PO (RPLP0) and expressed as Log?2 of relative expression (RE) of ACt. Parametric t-test, TNF-a *P < 0.05. IP: Immunoprecipitated; Co-IP: Co-
immunoprecipitated; Inf: Inflamed; Non-Inf: Non-inflamed; TTP: Tristetraprolin; IBD: Inflammatory bowel disease; ACT: Actin.
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Figure 2 Tristetraprolin, 14-3-3 protein and tumor necrosis factor-a expression in macrophages of paediatric inflammatory bowel disease patients and
healthy donors. A: Tristetraprolin (TTP) immunoprecipitated, 14-3-3 co-immunoprecipitated and tumor necrosis factor-a expressions were normalized with actin
(ACT) used as loading control. Mann-Whitney test TTP 2P < 0.05, 14-3-3 2P < 0.05; B: Representative image of immunoblot experiments. IBD: Inflammatory bowel
disease; HD: Healthy donors; TTP: Tristetraprolin; IP: Immunoprecipitated; Co-IP; Co-immunoprecipitated; TNF-a: Tumor necrosis factor-a; ACT: Actin.

ARTICLE HIGHLIGHTS

Research background

Inflammatory bowel disease (IBD) is an immune-mediated condition of the gastrointestinal tract
characterized by chronic, relapsing or progressive inflammatory condition. Tristetraprolin (TTP)
is a zinc finger protein belonging to the group of mRNA-binding proteins. TTP is able to interact
with pro-inflammatory cytokines mRNAs, influencing their stability. The function of TTP is
affected by a post-translational modification. The unphosphorylated TTP destabilizes pro-
inflammatory cytokines mRNAs; on the contrary, the phosphorylation of TTP impairs protein
activity.

Research motivation

The incidence of paediatric IBD is increasing, and an optimal treatment is far from being
achieved. Studies are therefore needed to enlighten new mechanisms that can be targeted by
novel therapies.

Research objectives
The aim of this project is to assess if TTP phosphorylation has a role in paediatric IBD.

Research methods

A small cohort of IBD paediatric patients was enrolled for the study. For each patient, during a
colonoscopy, inflamed and non-inflamed tissues were collected. Moreover, macrophages from
the same patients and healthy donors were isolated. Co-immunoprecipitation assay and
immunoblotting analyses were performed to evaluate the formation of the phospho-TTP/14-3-3
complex. TNF-a expression was also evaluated.

Research results

TTP and 14-3-3 protein expression was higher in inflamed colonic samples in comparison to the
non-inflamed. Furthermore, TNF-a gene expression analysis showed the same pattern of
expression. The protein analysis of TTP, co-immunoprecipitated 14-4-3 protein and TNF-a in
macrophages of IBD patients and healthy donors demonstrated a higher expression of all the
proteins in paediatric patients in comparison to controls.

Research conclusions
These data demonstrated for the first time a role of TTP in IBD inflammation. Indeed, TTP is
highly expressed in both inflamed colon tissues and in macrophages of IBD patients.

Research perspectives

These preliminary results provide new information about the role of TTP in IBD, opening new
perspectives in the investigation of a target therapy based on the modulation of TTP
phosphorylation.
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