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Abstract

The epithelium of gastrointestinal (GI) mucosa is a rapidly self-renewing tissue in the body, and
its homeostasis is preserved through strict regulation of cell proliferation and apoptosis. Epithelial
cells originate from a small number of pluripotent stem cells, which divide to either renew
themselves or become committed crypt cells. RNA-binding proteins (RBPs) and microRNAs
(miRNAS) regulate gene expression at the posttranscriptional level and are recently shown to
modulate Gl mucosal growth and repair after injury. Here we highlight the roles of RBPs HuR,
CUG-binding protein 1, AU-binding factor 1, and several Gl epithelial-specific miRNAs in gut
mucosal homeostasis and diseases and also further analyze the mechanisms through which RBPs
and miRNAs modulate the stability and translation of target mMRNAs.
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Introduction

Maintenance of the Gl epithelial integrity in response to stressful environments requires
epithelial cell decisions that regulate signaling networks controlling expression of different
genes. Under biological conditions, undifferentiated epithelial cells continuously replicate in
the proliferating zone within the crypts and differentiate as they migrate up the luminal
surface of the colon and the villous tips in the small intestine [1]. To maintain stable
numbers of enterocytes, cell division is counterbalanced by apoptosis that occurs in the crypt
area and at the luminal surface of the colon and villous tips in the small intestine. This rapid

© 2014 Elsevier Ltd. All rights reserved.

Correspondence to: Dr. Jian-Ying Wang, Baltimore VA Medical Center (112), 10 North Greene Street, Baltimore, Maryland 21202,
Phone: 410-605-7000 x5678, Fax: 410-6057919, jwang@smail.umaryland.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Xiao and Wang

Page 2

dynamic turnover rate of the intestinal epithelium is highly regulated and critically
controlled by numerous factors. Although the exact roles and mechanisms of transcriptional
gene regulation in Gl epithelial homeostasis have been extensively studied for decades, the
essential contribution of posttranscriptional events is becoming increasingly recognized
recently. Posttranscriptional processes, particularly altered mRNA turnover and translation,
are major mechanisms by which mammalian cells control gene expression [2,3*]. Changes
in mRNA stability and translation are governed by two types of trans-acting factors: RBPs
and miRNAs that directly bind to the cis-elements located at the 3’-untranslated regions (3’-
UTRs) of target mMRNAs and regulate gene expression synergistically or antagonistically.

Over the past ten years, an increasing body of evidence indicates that control of the stability
and translation of mMRNAs encoding growth/apoptosis-associated factors such as p53, JunD,
nucleophosmin (NPM), X chromosome-linked inhibitor of apoptosis protein (XIAP),
mitogen-activated protein kinase kinase-1 (MEK-1), activating transcription factor-2
(ATF-2), Smad ubiquitin regulatory factor 2 (Smurf2), cyclin-dependent kinase 4 (CDK4),
CDK2, and c-Myc is crucial for maintaining normal gut mucosal homeostasis and epithelial
integrity and its disruption is related to pathogenesis of GI mucosal diseases. Here we
highlight the roles of RBPs and several epithelial tissue-specific miRNAs in the regulation
of Gl epithelial homeostasis and their involvement in mucosal growth-related diseases. We
also further analyze in some detail the mechanisms through which RBPs and miRNAs
modulate the stability and translation of target mRNAs.

RBPs in Gut Epithelial Homeostasis and Diseases

HuR

After transcription from their genes, mRNAS are subjected to multiple processing and
regulatory steps that are coordinated by RBPs. Through these processes, their product
proteins are efficiently produced to meet the need of the cell. U- and AU-rich elements
(AREs) are the best-characterized cis-acting sequences located in 3’-UTR of many labile
mRNAs and function as elements controlling mRNA exportation, decay, and translation
[4,5]. Several RBPs, including AUF1, BRF1, TTP, and KSRP, are shown to promote ARE/
mRNA decay, whereas HU/ELAYV family of RBPs, which consists of three primary neuronal
members HuB, HUC, HuD, and one ubiquitous member HUR, stabilize and stimulate
translation of their target mMRNAs [6]. Several RBPs are implicated in human diseases,
because there are significant changes in their binding affinity to target mMRNAs, defect in
binding region, and dysregulation of RBP expressions in various pathologic conditions. A
well-known example is that fragile X mental retardation results from loss of expression of
the RBP FMRL1 [7]. In addition, CUG-binding protein 1 (CUGBP1) dysfunction was found
to contribute to the pathogenesis of myotonic dystrophy; HuR is intimately involved in the
processes of different cancers and aging. The study investigating RBPs in gut epithelial
homeostasis is still in its early stage, but several RBPs are shown to play an important role
in the regulation of intestinal epithelial cell (IEC) proliferation, apoptosis, migration, and
cell-to-cell interactions.

HUR is one of the most studied RBPs and exhibits a high affinity for AREs. HuR is
predominantly located in the nucleus in unstimulated cells, but it rapidly translocates to the
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cytoplasm, where it directly interacts with and regulates the stability and/or translation of
target mMRNAS in response to specific stimuli. In IECs, HuR is highly expressed and its
subcellular distribution and binding affinity are tightly regulated and dependent on the levels
of cellular polyamines. Polyamines (spermidine, spermine, and their precursor putrescine)
are ubiquitous polycationic molecules found in all eukaryotic cells and are implicated in
many aspects of cellular functions [8-10]. We [11-13] and others [14] have demonstrated
that normal cell proliferation in the intestinal mucosa depends on the supply of polyamines
to the dividing cells and that decreasing cellular polyamines inhibits epithelial cell
proliferation. We have further shown that depletion of cellular polyamines enhances the
cytoplasmic abundance of HuR, while increased levels of polyamines decrease cytoplasmic
HuR; neither intervention changes whole-cell HuR levels [15]. HUR specifically binds the
3’-UTRs of several mRNAs including NPM, p53, and JunD mRNAs. HuR silencing renders
these mRNAs unstable and prevents increases in the levels of NPM, p53, and JunD mRNASs
and proteins in polyamine-deficient cells. These results indicate that polyamines modulate
cytoplasmic HuR levels in IECs, in turn controlling the stability of NPM, p53, and JunD
mRNAs and influencing levels of NPM, p53 and JunD proteins.

Polyamines modulate the subcellular localization of HUR through AMP-activated protein
kinase (AMPK)-regulated phosphorylation and acetylation of importin al [16]. The AMPK
is an enzyme involved in responding to metabolic stress and also plays a role in regulating
the nuclear import of HUR [17]. Decreased levels of cellular polyamines repress AMPK
activity and reduce importin al levels, whereas increased polyamines induce both AMPK
and importin a1 levels. AMPK activation increases importin a1 but reduces the cytoplasmic
levels of HUR in control and polyamine-deficient cells. IECs overexpressing wild-type
importin a1 exhibit a reduction of cytoplasmic HuR abundance, while cells overexpressing
importin a1 proteins bearing K22R (lacking acetylation site), SI05A (lacking
phosphorylation site), or K22R/S105A (lacking both sites) mutations display increased
levels of cytoplasmic HuR. Ectopic expression of these importin al mutants also prevents
the increased levels of cytoplasmic HuR following polyamine depletion. These results
strongly suggest that increase in AMPK activity by polyamines triggers HUR nuclear import,
whereas polyamine depletion increases the cytoplasmic levels of HUR by inactivating the
AMPK-mediated importin a1 signaling.

Polyamines also regulate HuR binding affinity for target mRNAs through Chk2-dependent
HuR phosphorylation [18,19]. HuR is phosphorylated by Chk2 kinase in vivo as well as in
vitro and this posttranslational modification influences HUR’s association with its target
transcripts [20*]. We have demonstrated that Chk2 expression requires polyamines and that
polyamine depletion reduces Chk2 and decreases levels of phosphorylated-HuR (p-HuR),
associated with a reduction in HUR interaction with mRNAs encoding c-Myc and occludin
[19-21**]. Ectopic Chk2 overexpression increases p-HuR, thus enhancing HuR association
with the mRNAs of c-Myc and occludin. The levels of [HuR/c-Myc mRNA] complexes in
polyamine-deficient cells are markedly higher than those observed in control cells after
Chk2 overexpression, as polyamine-deficient cells show higher cytoplasmic HuR levels.
Moreover, polyamines enhance c-Myc mRNA translation by increasing HUR
phosphorylation by Chk2. Since c-Myc plays an important role in the regulation of the cell
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cycle and normal gut mucosal growth and because inhibition of c-Myc expression represses
IEC proliferation and delays mucosal healing, we propose a model delineating the role of
HuR-induced c-Myc expression following increased polyamines in intestinal mucosal
renewal (Fig. 1). In this model, increased polyamines stimulate Chk2 and increase HuR
phosphorylation, in turn triggering c-Myc translation and enhancing IEC proliferation. In
contrast, polyamine depletion inhibits Chk1 and decreases c-Myc translation, thus repressing
mucosal growth. In addition, HUR modulates intestinal epithelial homeostasis by regulating
expression of genes involved in apoptosis [22-25]. These genes includes: XIAP, MEK-1,
and ATF-2. The XIAP mRNA is a direct target of HUR, and increased level of [HUR/XIAP
mRNA] complex stabilizes the XIAP mRNA and increases cellular abundance of XIAP,
thus desensitizing IECs to apoptosis. HUR also displays a strong affinity to the ATF-2 and
MEK-1 mRNAs. The binding of HUR to the ATF-2 mRNA primarily increases the stability
of ATF-2 mRNA, whereas HUR association with the MEK-1 mRNA not only increases the
stability of MEK1 mRNA but also enhances its translation.

Several recent studies show that HuR also regulates gut permeability by altering expression
of tight junction (TJ) proteins such as occludin [20*, 21**]. HuR interacts with the occludin
mRNA via its 3’-UTR and this association enhances occludin translation. HuR association
with the occludin mMRNA depends on Chk2-dependent HUR phosphorylation, since reduced
HuR phosphorylation by Chk2 silencing decreases HuUR binding to the occludin mRNA and
represses occludin translation. In mice exposed to septic stress, Chk2 levels in the intestinal
mucosa decrease dramatically, which is associated with an inhibition of occludin expression
and gut barrier dysfunction. Recently, we have also reported that HUR regulates early
intestinal mucosal restitution after injury by stabilizing the mRNA of Stromal interaction
molecule 1 (STIM1) and that increased STIM1 by HuR enhances TRPC1-mediated Ca2*
influx and stimulates IEC migration over wounded area [26**].

The binding regions and regulatory effects of HuUR are transcript-specific. As pointed out
above, HuR selectively binds to the mRNAs of NPM, p53, ATF-2, MEK-1, c-Myc, and
occludin via their 3/-UTRs, but it interacts with the XIAP mRNA through both coding
region (CR) and 3’-UTR. HuR primarily regulates the stability of mMRNAs encoding NPM,
p53, JunD, ATF-2, and XIAP, but it enhances expression of MEK-1, c-Myc, and occludin at
the translation level. Importantly, HuR association with its transcripts is determined by the
crosstalk with other RBPs. For example, HUR and AUF1 competitively bind to the JunD
MRNA and regulate the stability of the JunD mRNA in opposite directions [27]. Moreover,
polyamines regulate the stability of the JunD mRNA by modulating the competitive binding
of the JunD mRNA with HUR and AUF1.

CUGBP1 binds to GC-rich elements (GRES) rather than AREs of target mMRNAs. The
interaction of CUGBPL1 with its target MRNAs commonly enhances mRNA decay and
represses translation, although in some instances CUGBP1 promotes mMRNA translation
[28,29]. In normal IECs, CUGBP1 interacts with the CDK4 mRNA and represses CDK4
translation. CUGBP1 binds to the CDK4 mRNA via both its CR and 3’-UTR, enhances the
CDK4 mRNA association with argonaute (Ago)-containing complexes, and increases the
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recruitment of CDK4 mRNA to processing bodies (P-bodies), where mRNAs are sorted for
degradation and/or translation repression [30]. Interestingly, polyamines promote the
translation of CDK4 by inhibiting CDK4 mRNA association with CUGBPL1, since depletion
of cellular polyamines increases cytoplasmic CUGBP1 abundance and induces its
associations with the CDK4 mRNA. In contrast, increasing the levels of cellular polyamines
decreases CDK4 mRNA interaction with CUGBP1 and induces CDK4 expression.
Furthermore, decreasing the levels of CUGBP1 by polyamines is associated with an increase
in IEC proliferation, which is prevented by ectopic CURBP overexpression and CDK4
silencing. These findings indicate that polyamines stimulate IEC proliferation at least
partially by enhancing CDK4 expression via down-regulation of CUGBP1. On the other
hand, CUGBP1 also regulates intestinal epithelial homeostasis by modulating IEC apoptosis
[31**]. Increased levels of cellular CUGBP1 desensitize IECs to apoptosis, whereas
CUGBP1 silencing increases the sensitivity of IECs to apoptosis. The mechanism
underlying this process is that CUGBP1 represses expressions of AP proteins such as c-
IAP1 and c-1AP2, thereby enhancing caspase-3 signaling pathway.

Recently, CUGBP1 is shown to play an important role in regulation of TJ expression and
gut barrier function [21**]. Ectopic CUGBP1 overxpression represses occludin expression
but fails to alter the levels of claudin-2, claudin-3 and claudin-5, ZO-1 and B-catenin. This
inhibitory effect of CUGBP1 on occludin expression occurs at the translation level and is
mediated through its 3’-UTR rather than CR and 5’-UTR. Consistently, increased CUGBP1
also impairs the epithelial barrier function as indicated by an increase in epithelial
paracellular permeability. Interestingly, CUGBP1 and HuR compete for association with the
same occludin 3-UTR and regulate occludin translation competitively and in opposite
directions [21**]. CUGBP1 overexpression decreases HUR binding to occludin mRNA and
represses occludin translation, whereas HUR overexpression inhibits CUGBP1 association
with occludin mRNA and promotes occludin translation. Studies using purified GST-HuUR or
GST-CUGBP1 fusion proteins have revealed that the occludin 3/-UTR association with HUR
is progressively increased when increasing concentrations of GST-HuR in the binding
reaction mixture, but its interaction with CUGBP1 is reduced with increasing GST-HuR
levels. These results indicate that HUR and CUGBP1 competitively bind to the occludin 3’-
UTR and that CUGBP1 represses occludin mRNA translation by displacing HuR.

AUF1 is the first identified RBP and displays high affinity to ARE-containing RNAs
[32,33]. Experiments using cDNA cloning and immunoblotting assays show that there are
four isoforms of AUF1 family with molecular weights of 37 (p37), 40 (p40), 42 (p42), and
45 (p45) kDa. With varied RNA-binding affinities and specificities, AUF1 isoforms permit
cells to differentially control mMRNA decay in a cell-type specific manner. AUF1 is a general
RNA destabilizer, but recent studies have found that AUF1 also acts as an enhancer of
MRNA stability and translation in some instances [34,35].

The expression of AUF1 family proteins is abundant in IECs, with the isoform p42 as the
dominant protein. We have demonstrated that AUF1 associates with and destabilizes the
JunD mRNA and that this process is regulated by polyamines and HuR [27]. Polyamine
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depletion stabilizes JunD MRNA without affecting its transcription [36], and increased
JunD/AP-1 transcriptional activity contributes to an inhibition of IEC proliferation by
repressing CDK4 [37] through dimerization with ATF-2 [38]. Our studies show that JunD
MRNA is a target of HUR and AUF1 and that polyamines modulate JunD mRNA
degradation by altering the competitive binding of HuR and AUF1 to the JunD 3’-UTR.
Polyamine depletion enhances HuR binding to JunD mRNA and decreases the levels of
JunD transcript associated with AUF1, thus stabilizing JunD mRNA. The silencing of HUR
increases AUF1 binding to the JunD mRNA, decreases the abundance of [HuR/JunD
MRNA] complexes, renders the JunD mRNA unstable, and prevents increases in JunD
mRNA and protein in polyamine-deficient cells.

Gut mucosa also highly expresses the RBP TIAR (TIA-1 related protein) that is implicated
in intestinal epithelial homeostasis. TIAR acts generally as a translational repressor and
regulates its target gene expression negatively [39]. TIAR binds to mRNAs via its RNA
recognition motif domains, and AREs are common cis-elements of TIAR. TIAR was shown
to directly bind the mRNA encoding the membrane-associated TJ protein ZO-1 via its 3'-
UTR, and increased [TIAR/ZO-1 mRNA] complex represses ZO-1 translation [40], thus
disrupting the intestinal epithelial barrier function. Moreover, JunD regulates ZO-1
expression by altering the interaction of the ZO-1 mRNA with TIAR.

mMiRNAs in Gl Epithelial Homeostasis

miRNAs are small noncoding RNAs of ~22 nucleotides, which posttranscriptionally repress
the expression of target genes [41]. Although the exact functions of miRNAs in human
development and physiology remain largely unknown, differential expression of given
miRNAs during disease progression suggests an especially significant role for miRNASs in
human pathologic conditions. For example, miRNA-21, miRNA-26, miRNA-31,
miRNA-141, miRNA-145, miRNA-196, and miRNA-200 are shown to play a critical role in
the regulation of migration and invasiveness of colon cancer cells, while miRNA-493
inhibits the settlement of colon cancer cells in the liver parenchyma. In addition, the mRNA
and protein levels of Dicerl, which is essential for miRNA biogenesis, are reduced during
disease progression in gastric cancer. We have profiled global miRNA expression in normal
intestinal mucosa and IECs and revealed that several miRNAs, including miRNA-29b,
miRNA-222, miRNA-503, and miR-195, are highly expressed in the intestinal epithelium
and their expression levels are affected rapidly in response to food starvation and polyamine
depletion [30,42**]. Further studies show that control of these intestinal epithelial tissue-
specific miRNAs is crucial for maintenance of normal intestinal epithelial integrity.

MiRNA-222

miRNA-222 functions as a regulator of cell survival and migration in lung cancer, prostate
carcinoma, hepatocellular cancer, and breast cancer [43,44], but its importance in normal
intestinal epithelial homeostasis has not been elucidated until recently. Our studies show that
miR-222 binds to the CDK4 mRNA and this association is inhibited by polyamines.
Depletion of cellular polyamines increases cellular abundance of miR-222, induces its
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association with the CDK4 mRNA, and inhibits CDK4 translation, whereas increasing the
levels of cellular polyamines decreases CDK4 mRNA interaction with miR-222, thereby
inducing CDK4 expression. miR-222 and CUGBP1 jointly regulate CDK4 expression and
they repress CDK4 mRNA translation synergistically [30]. Moreover, miR-222 and
CUGBP1 associate with the CDK4 mRNA through distinct non-overlapping binding site,
and there are no common sites for both miR-222 and CUGBP1 in the CDK4 mRNA.
CUGBP1 binds both the CDK4 CR and its 3-UTR, but miR-222 only interacts with the
CDK4 CR. Although the CDK4 mRNA does not contain any high-affinity CUGBP1-
binding site such as the canonical GRE (defined as UGUUUGUUUGU), there are several
GU repeats and CUG repeats in the 3’-UTR and CR of the CDK4 transcript, which are also
recently recognized as the GRE and interact with CUGBP1. On the other hand, there are two
predicted miR-222 binding sites within the CDK4 CR, but only one sequence (spanning
positions 264 to 284) is functional.

It is intriguing that increased miR-222 expression causes growth arrest in normal 1ECs, but it
is required in certain cancer cells to inhibit p27 expression and may induces cancer cell
proliferation [45]. The reasons for this distinct effect remain to be fully understood, but they
are related to: 1) expression and function of miRNAs are tissue-specific and development-
specific in general; and 2) changes in the accessibility of miR-222 to its target transcripts.
For example, upon growth factor stimulation, increased binding of the RBP Pumilio-1 to the
p27 mRNA 3’-UTR in cancer cells induces the partial change in the p27 mRNA structure
that favors its association with miRNA-222. Induced binding of miR-222 to the p27 mRNA
suppresses p27 expression, thus promoting cancer cells entry into S phase of the cell cycle.
On the other hand, basal levels of p27 and Pumilio are low in normal IECs. It is likely that
under the stress of growth inhibition, interaction of miRNA-222 with p27 is decreased as a
result of target site hindrance. In contrast, [miRNA-222/CDK4 mRNA] complex increases at
the same time, thus leading to growth arrest in normal IECs.

mMiRNA-503

miR-503 is an abundant miRNA which is conserved among many species and is clustered
with miR-322 on chromosome X. miR-503/322 have been studied previously in myogenesis,
where they were shown to promote cell cycle quiescence and differentiation by down-
regulating Cdc25 [46]. Recent studies show that miR-503/322 regulates the vascular smooth
muscle cell phenotype and neointimal formation and that miR-322 and its target Tob2
control osteogenesis through modulation of Osx MRNA degradation [47]. We have recently
demonstrated that small intestinal mucosal atrophy following polyamine depletion or fasting
is associated with a decrease in the levels of miR-322/503 [31]. Overexpression of a
miR-503 precursor (pre-miR-503) reduces newly synthesized CUGBP1 protein levels,
whereas inhibiting miR-503 enhances CUGBP1 biosynthesis and elevates its abundance
[31]. Studies using heterologous reporter constructs have revealed a greater repressive effect
of miR-503 through the CUGBP1 CR sites than through the single CUGBP1 3’-UTR target
site. CUGBP1 mRNA levels in P-bodies increases in cells transfected with pre-miR-503,
while silencing P-body resident proteins Ago2 or RCK decreases miR-503-mediated
repression of CUGBP1 expression. This effect is tightly regulated by polyamines, since
decreasing the levels of cellular polyamines reduces endogenous miR-503 levels but
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promotes CUGBP1 expression, which is prevented by ectopic miR-503 overexpression.
Furthermore, repression of CUGBP1 by miR-503 in turn alters the expression of CUGBP1
target mMRNAS such as c-1AP1 and c-1AP2 and thus increases the sensitivity to apoptosis.

Smurf2 is an E3 ubiquitin ligase that regulates TGF-p/Smad signaling and is implicated in
gut epithelial homeostasis. Our group has reported that miR-503/322 are novel factors that
regulate Smurf2 expression posttranscriptionally [48]. Both miR-503 and miR-322 interact
with Smurf2 mRNA via its 3-UTR and repress Smurf2 translation but do not affect total
Smurf2 mRNA levels. miR-503/322-induced repression of Smurf2 translation is mediated
through a single binding site in the Smurf2 3’-UTR. Increased levels of endogenous Smurf2
by antagonization of miR-503/322 inhibit TGF-B-induced Smad?2 activation by increasing
the degradation of phosphorylated Smad2. Moreover, the increase in Smurf2 in IECs
expressing lower levels of miR-503/322 is associated with increased resistance to apoptosis,
which is abolished by Smurf2 silencing. These findings indicate that miR-503/322 repress
Smurf2 translation in IECs, thereby affecting intestinal epithelial homeostasis by altering
TGF-B/Smad2 signaling and apoptosis.

mMiRNA-29b

miR-195

miR-29b is a member of the miR-29 family and modulates a variety of cellular functions.
miR-29b regulates DNA methylation-related reprogramming events by targeting dnmt3a and
dnmt3b [49], and promotes fibrosis by altering expression of collagen isoforms [50].
miR-29b modulates cell proliferation and apoptosis and also plays a role in the development
of abdominal aortic aneurysm [51*]. The abnormal expression of miR-29b is associated with
tumorigenesis and cancer progression, and miR-29b also alters the tumor microenvironment
to repress metastasis. Patients with advanced liver cirrhosis show lower levels of miR-29a in
their serum when compared with healthy controls or patients with early fibrosis. Disrupted
expression of miR-29 family contributes to the pathogenesis of type-1 diabetes. miR-29
modulates innate and adaptive immunity by targeting interferon-y and also regulates gut
permeability in patients with irritable bowel syndrome [52].

We have investigated the role of miR-29b in normal intestinal mucosal growth and shown
that mucosal atrophy in the small intestine induced by fasting or polyamine depletion is
associated with increased expression of miR-29b [42**]. The simple systemic delivery of
locked nucleic acid-modified antimiR-29b oligonucleotides reduces endogenous miR-29b
levels in the small intestinal mucosa, increases CDK2 expression, and stimulates mucosal
growth. In contrast, overexpression of the miR-29b precursor represses CDK2 expression
and results in growth arrest in G1 phase. miR-29b represses CDK2 translation through direct
interaction with the cdk2 mRNA via its 3/-UTR, whereas point-mutation of miR-29b
binding-site in the cdk2 3’-UTR prevents miR-29b-induced repression of CDK?2 translation.
These results indicate that miR-29b inhibits intestinal mucosal growth by repressing CDK2
translation.

The evolutionarily conserved miR-195 is highly abundant in normal Gl mucosa, but its
levels decrease significantly in cancer tissues. miR-195 inhibits cell proliferation by
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targeting CDK4, cyclin D1, CDKG®6, and WEEL, promotes apoptosis by down-regulating
Sirtl, and affects cell invasion by modulating ActRIIA expression. We have found that
miR-195 competes with HUR to modulate STIM1 mRNA stability and regulate early rapid
intestinal epithelial restitution after wounding [26**]. STIM1 functions as a sensor of Ca?*
within stores and plays an essential role in the activation of store-operated Ca2* entry
(SOCE). Lowering Stim1 levels reduces SOCE and inhibits intestinal epithelial repair. Our
results show that cellular STIM1 abundance is controlled posttranscriptionally via factors
that associate with 3’-UTR of stim1 mRNA. miR-195 and HuR compete for association with
the stim1 3’-UTR and regulate stim1 mRNA decay in opposite directions. Interaction of
miR-195 with the stim1 3/-UTR destabilizes stim1 mRNA, whereas the stability of stim1
MRNA increases with HUR association. Interestingly, ectopic miR-195 overexpression
increases the colocalization of tagged stim1 RNA with P-bodies and this translocation of
stiml mRNA is abolished by HUR overexpression. Moreover, decreased levels of STIM1 by
miR-195 overexpression inhibit cell migration over the denuded area after wounding, which
is rescued by increasing HUR levels.

In addition, several miRNAs, including miR-192, let-7, miR-122a, miR-155, miR-9,
miR-374, and miR-145, are implicated in the regulation of TJ expression and gut
permeability under physiological and pathological conditions. These interesting observations
have been summarized and discussed in our recent publication [53].

Conclusions

Although the gene expression programs that regulate the gut epithelial integrity are strongly
regulated at the transcription level, the essential contribution of posttranscriptional events is
becoming increasing recognized. The experimental data summarized here provide novel
evidence indicating the importance of several RBPs and miRNAs in posttranscriptional gene
regulation. Based on our studies and others, we propose a model delineating the
posttranscriptional control of IEC proliferation/apoptosis and subsequent epithelial
homeostasis by RBPs and miRNAs (Fig. 2). In this model, expression of growth-promoting
factors such as c-Myc, CDK2, and CDK4 and anti-apoptotic regulators such as XIAP,
ATF-2, MEK-1, JunD, and Smurf1 is controlled by two factors competing for influence on
their mMRNA stability and translation: the positive factor HUR and negative regulators
including CUGBP1, AUF1, TIAR, and miRNAs. HuR stabilizes and/or promotes translation
of mRNAs encoding these factors, thus up-regulating their expression and protecting the
epithelial integrity or resulting in mucosal hyperplasia. In contrast, CUGBP1, AUFL1, TIAR,
and miRNAs destabilize and/or inhibit translation of mMRNAs encoding growth-promaoting
factors and anti-apoptotic regulators, leading to mucosal atrophy. Importantly, normal
intestinal epithelial homeostasis depends on the balance between HUR and negative
regulators including CUGBP1, AUF1, TIAR, and miRNAs.

However, there are still many critical issues that remain to be addressed regarding this
model. First, the molecular processes responsible for the control of RBP activation and
miRNA biogenesis in response to stress remain largely unknown. Second, it is unclear how
altered RBPs and miRNAs modulate the stability and translation of mRNAs in the intestinal
epithelium. Third, experiments defining the in vivo functions of RBPs and miRNAs by using
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intestinal epithelial tissue-specific RBP and miRNA knockout or transgenic mouse models
are badly needed and will provide a better understanding of physiological functions of
RBPs/miRNAs. Finally, translational studies investigating the roles of RBPs/miRNAs in the
pathogenesis of gut mucosal hyperplasia and atrophy in patients are still limited and should
be emphasized in the future study.
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Schematic diagram of polyamine-induced c-Myc translation in the regulation of gut mucosal
growth. Increased levels of cellular polyamines induce HUR phosphorylation by activating
Chk2, promote HUR association with the c-Myc mRNA, and enhance c-Myc translation,
thus stimulating intestinal epithelial cell proliferation.
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Figure 2.
Schematic diagram of depicting posttranscriptional regulation of intestinal epithelial

homeostasis by RBPs and miRNAs. HUR stimulates expression of growth-promoting and
anti-apoptotic factors by increasing the stability and translation of their mMRNAs, thus up-
regulating cell proliferation and survival. In contrast, CUGBP1, AUF1, TIAR, and given
miRNAs inhibit expression of growth-promoting and anti-apoptotic factors
posttranscriptionally and function as negative regulators of intestinal epithelial renewal.
Normal epithelial homeostasis is dependent on the balance between the positive factor HUR
and negative RBPs/miRNAs.
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