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HuR is an abundant RNA-binding protein acting as a post-transcriptional regulator
of many RNAs including mRNAs encoding inflammatory mediators, cytokines, death
signalers and cell cycle regulators. In the context of intestinal pathologies, elevated HuR
is considered to enhance the stability and the translation of pro-tumorigenic mMRNAs
providing the rationale for its pharmacological targeting. However, HuR also possesses
specific regulatory functions for innate immunity and cytokine mRNA control which
can oppose intestinal inflammation and tumor promotion. Here, we aim to identify
contexts of intestinal inflammation where the innate immune and the epithelial functions
of HuR converge or diverge. To address this, we use a disease-oriented phenotypic
approach using mice lacking HUR either in intestinal epithelia or myeloid-derived immune
compartments. These mice were compared for their responses to (a) Chemically induced
Colitis; (b) Colitis- associated Cancer (CAC); (c) T-cell mediated enterotoxicity; (d)
Citrobacter rodentium-induced colitis; and (e) TNF-driven inflammatory bowel disease.
Convergent functions of epithelial and myeloid HuR included their requirement for
suppressing inflammation in chemically induced colitis and their redundancies in chronic
TNF-driven IBD and microbiota control. In the other contexts however, their functions
diversified. Epithelial HUR was required to protect the epithelial barrier from acute
inflammatory or infectious degeneration but also to promote tumor growth. In contrast,
myeloid HuR was required to suppress the beneficial inflammation for pathogen
clearance and tumor suppression. This cellular dichotomy in HuR’s functions was
validated further in mice engineered to express ubiquitously higher levels of HUR which
displayed diminished pathologic and beneficial inflammatory responses, resistance to
epithelial damage yet a heightened susceptibility to CAC. Our study demonstrates that
epithelial and myeloid HuR affect different cellular dynamics in the intestine that need to
be carefully considered for its pharmacological exploitation and points toward potential
windows for harnessing HUR functions in intestinal inflammation.

Keywords: cytokine regulation, intestinal inflammation and cancer, post-transcriptional regulation, inflammatory
bowel disease, animal models of human disease
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Christodoulou-Vafeiadou et al. Cell-Restricted Effects of HuR in Intestinal Inflammation

FIGURE 2 | Loss of HuR in IECs —but not in myeloid cells- sensitizes the epithelium to acute inflammatory death signals. (A) Representative H&E histology of paraffin
embedded intestines from control and HUR mutant mice exposed either to aCD3 or isotype IgG for the indicated times. (B) Quantification of villus/crypt length ratio,
colonic crypt height and histological score of IEC-HuRko treated mice (upper panel) and M-HuRko mice (lower panel). n = 3-6/group/time point. Student unpaired
t-test. (C) (left panels) Enumeration of cells expelled in lumen washes from the intestines of mice exposed to aCD3 or IgG control. (right panels) Flow cytometric
determination of apoptotic cell numbers of the same exudates, analyzed 6 and 24 h post injections in IEC-HuRko (upper panel), M-HuRko (lower panel) mice and
respective controls. n = 3-6/genotype/time point. Student unpaired t-test. All bar graphs show means (+SE). In all graphs, *,****, denote p-values < 0.05 and 0.0001
respectively.
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recovery phases, respectively. In control mice, the fecal bacterial
load reached a plateau of 10°-10'° colony forming units (cfu) per
gram of feces by day 9 post infection and dropped to a negligible
minimum by day 25 (Figure 3A). The response correlated with
detectable histological alterations in crypt damage, hyperplasia,
inflammation, and goblet cell depletion during the peak phase of
the disease, and also with the local synthesis of pro-inflammatory
il1p and il18 mRNAs and antimicrobial RegIIIf and Regllly
mRNAs (Figures 3A-C).

In IEC-HuRko mice, the kinetics of fecal bacterial loads was
indistinguishable to that in controls, suggesting that these mice
are capable of responding and clearing the infection (Figure 3A).
However, and at the histological level, HuR-deficient epithelia
displayed enhanced symptoms of degeneration, (e.g., crypt
loss and apical epithelial detachment Figures 3A,C), relating
to our findings in the T-cell mediated enteropathy model.
Contrary however to the ascribed role of IEC-HuR in intestinal
regeneration (16, 18), IEC-HuRko mice mounted a stronger
crypt hyperplastic counter-response maintained even till day
25, which was associated with a near-significant upregulation
in crypt proliferation as assessed via Ki67 immunostainings
during the peak of the disease at day 12 (Figures 3A,C,D).
Notably, the histological analysis of inflammatory infiltrates and
the local synthesis of pro-inflammatory i1 and il18 mRNAs
did not reveal any significant changes (Figures 3A,B). However,
HuR-deficient epithelia possessed higher levels of antimicrobial
ReglIIB and Regllly mRNAs (Figure 3B). Thus, the loss of HuR
in IECs alters the resistance and antimicrobial properties of
the epithelium to combat the infection independently of the
underlying inflammatory process.

The response of the M-HuRko mice to C. rodentium was
strikingly different. In these mice, bacterial loads did follow the
proper kinetics but were substantially reduced and the bacterium
was cleared more efficiently (Figure 3A). All histopathological
hallmarks of the disease appeared significantly attenuated
with a negligible effect in tissue damage and a near lack in
the proliferative hyperplastic response of the infected crypts
(Figures 3A,C,D). The clinical image of the infected M-HuRko
mice correlated with an extensively heightened response in il18
- but not il18- mRNA suggestive of an increased activation of
innate immunity (Figure 3B). Notably, the inducible synthesis of
epithelial antimicrobial mRNAs in M-HuRko epithelia appeared
similar to that in the infected controls. From these data
collectively, we deduce that the loss of M-HuR aggravates
the initial response of myeloid-derived immunity early in the
process leading to the rapid elimination of C. rodentium. This
suggests that similar to cases of pathologic inflammation, and
in contrast to HuR in IECs, myeloid HuR acts to inhibit rather
than promote beneficial inflammatory responses contributing in
pathogen clearance.

The virulence and host resistance against C. rodentium may
also depend upon the composition of the gut microbiota (52, 54);
in turn C. rodentium itself is known to cause dysbiosis (55)
with unpredictable effects in intestinal inflammation. Moreover,
the pharmacologic inhibition of HuR has been shown to affect
the composition of the intestinal microbiome (37). To examine
whether the observed shifts in the susceptibility of our mutants

could be accounted for by a shift in commensal microbiota we
analyzed its composition in fecal matter derived from uninfected
and infected mice using a proteomic approach. We restricted
our analyses to the percentile representation of the bacterial
phyla of Firmicutes and Becteroidetes since these are the most
predominant in the mouse intestine (56-58), and correlated our
measurements with the representation of C. rodentium itself
since its colonizing properties alters the ratio of Firmicutes to
Bacteroidetes (F/B ratio; Figure 3E). In our analysis we could
not identify any changes in F/B ratio either in IEC-HuRko or in
M-HuRko mice; this suggests that their cell-restricted deletion
does not alter significantly the composition of the commensal
microbiota. Changes in the presence of C. rodentium were
further validated via our proteomics approach which verified its
presence in IEC-HuRko mice and its reduced propagation in M-
HuRko mice (Figure 3E). Still, the response of the commensal
microbiota during the infection appeared indistinguishable to
that in the controls (Figure3E). Thus, the changes in the
susceptibility to C. rodentium were not due to changes in the
colonic microbiota but rather to cell intrinsic changes in IECs or
myeloid cells, respectively.

The Combinatorial Elevation of HUR
Discriminates the Inflammatory From

Tumorigenic Phases in CAC

The data from the intestinal and myeloid HuR deficient mice
indicate the differential requirement for HuR in controlling
excessive inflammation from myeloid-derived immune cells, and
in providing a balance between inflammatory damage of the
epithelium and regenerative proliferation. Although informative,
our data do not reveal what actually happens when HuR is
elevated in conditions of IBD or cancer where myeloid and
IEC functions co-exist. To gain such information we performed
the opposite experiment by elevating HuR via the additional
transgenic integration of an avidin/FLAG tagged-human HuR
protein (TgATFHuR™ mice) driven by a promoter resistant to
silencing (59) (Figure 4A). Five transgenic lines were originally
generated; however only two expressed sufficient levels of
HuR mRNA and from those we selected the one having the
maximal expression pattern. In general, the expression of the
transgene in this line (Tg6105; named hereafter as TATFHuR™)
was ubiquitous and yielded an increase in 30-40% in HuR
protein across tissues (Figure 4A). At the cell subset level of
lymphocytes, Bone Marrow Derived Macrophages (BMDMs) and
IECs, the elevation was consistently around 20% (Figure 4A).
Flow cytometric analysis of major immune cell subpopulations
in bone marrow, thymus and spleen of TgATFHuR™ mice
did not show any aberration in immune cell composition
(Figure S3). Supernatants from activated macrophages and non-
adherent splenocytes (lymphocytes) coming from TgATFHuR™
mice, revealed decreases in proinflammatory targets of HuR,
TNE and CCL2 in macrophages, as previously described for
high expressing macrophage HuR transgenic lines (20), however
effects upon other targets reported in other transgenic lines,
were either not observed (like a reduction in IL6) or did not
reach significance (like an increase in IL10) suggesting that the
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FIGURE 3 | Differential susceptibility of IEC-HuRko and M-HuRko mice to C. rodentium infection. (A) (upper left) Fecal bacterial counts in mice orally infected with C.
rodentium. (n = 16/group). Histological score of inflammation (upper right) and crypt damage (lower left) of uninfected (day 0) and infected mice (days 12 and 25). day
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graphs *, **, ** denote p-values < 0.05, 0.01, and 0.001 respectively.

FIGURE 3| 0, n = 5 per/group; day 12-16, n = 10-16 per/group. (Lower right) Crypt length measurements from H&E slides. Values are means (+SEM). (B) gPCR
detection of mRNAs from distal colons on day 6 post infection expressed as fold change (FC) relative to control mice. n = 5-6 per/group. (C) Representative H&E
histology of paraffin embedded distal colon sections of uninfected (day 0) and infected mice (day 12 and day 25 post infection). (D) Representative Ki67
immunohistochemical staining of distal colons from C. rodentium infected mice 12 days post infection (upper panel) and histograms of Ki67 labeling indices of
proliferating epithelial cells in control and mutant mice measured from photomicrographs as in (upper panel). n = 6-7 mice/group. Wilcoxon Rank Sum test. (E)
Relative abundance of Firmicutes, Bacteroidetes, C. rodentium taxa and Firmicutes to Bacteroidetes ratio (F/B Ratio) in the feces of uninfected (day 0) and infected
(day 9) mice. Total intensity values for each taxon were used (see Supplementary Methods). Day 0, n = 7-14; day 9 n = 12-15. Student unpaired t-test. In all

elevation of HuR is rather moderate (Figure 4B). This was also
revealed when TgATFHuR™ mice were tested for sensitivity to
systemic effects occurring in LPS-induced endotoxemia where
these mice displayed only a mild trend of resistance to lethality
(Figure 4C). With respect to intestinal epithelia, we noted
a significant increase in the villus/crypt ratio in the small
intestine of aged (>10 months) TgATFHuR" mice, relating to
an increase in crypt proliferation based on Ki67 staining but
with no significant effects in cellularity (Figures 4D-F). We
do note however that no changes were observed for colonic
TgATFHuR™ crypts, which were indistinguishable from control
crypts.

Collectively, T¢ATFHuR™ mice appear as a system that
could reciprocate —in part- the functions of elevated HuR
in the different subsets as they appear in cases of IBD
and CAC (37). To test this, first we challenged T¢ATFHuR™
and TgATFHuR™ mice with the DMH/DSS protocol. During
the inflammatory phases of the response, TgATFHuR™ mice
displayed lower clinical inflammatory disease activity and
histological scores than their controls and faster signs of epithelial
restitution (Figures 5A-C). Analysis of the acute inflammatory
profile of afflicted colons showed significant reductions in
TNF and CCL2 production, an increase in anti-inflammatory
IL10 and a variable response in IL-6 (Figure 5D), consistent
with the partial loss of a pro-inflammatory character and
the attenuated disease activity of TgATFHuR" mice. This was
also reflected at the chronic phase (day 28), were the mRNA
of pro-inflammatory ifny was downregulated as opposed to
transcripts of immunomodulatory il4, ptgs2, and tgfp that were
upregulated in TgATFHuR™ mice (Figure 5D). In sharp contrast
to their diminished pro-inflammatory response, TgATFHuR™"
mice appeared more heavily susceptible to tumorigenesis,
developing a significantly greater number of tumors of increased
size per mouse (Figures 5E,F) which was different from what
occurs when HuR is exclusively overexpressed in macrophages,
where the reduction in inflammation correlated with a reduction
in tumorigenesis (20). This suggests that during conditions
of overexpression, the anti-inflammatory functions of HuR in
immune cells segregate from its pro-tumorigenic effects in
epithelia.

Finally, to assess whether the functions of TgATFHuR
correlate with its cognitive characteristics we selected size-
matched CAC-derived tumors from control and transgenic mice
and performed Ribonucleoprotein Immunoprecipitation (RIP),
with an anti-FLAG antibody, followed by Microarray Profile
Analysis (Figure S4A,B). Approximately 2,000 genes were
found bound by ATFHuR above control levels (Table S2). Gene

Ontology enrichment analysis of these genes revealed groups
involved in the processes of inflammation, cell cycle/apoptosis,
development, epithelial function and others, consistent
with previously published processes where HuR is involved
(Figure S4C). Moreover, known target transcripts of HuR such
as Tnf, Ccr2, Cdc42 were also identified to be bound by ATFHuR
in our RIP setting. Thus, the contrasting effects of ATFHuR
relate to the true cognitive functions of HuR in the different
cellular settings.

The Combinatorial Elevation of HUR
Diversifies Enterotoxic Responses From

Inflammatory Responses

Next, we used a T-cell dependent model of inflammation to assess
the role of overexpressed HuR in inflammatory progression vs.
inflammatory epithelial damage following the same rationale
as in the cell specific knockout mutants. First, the lack of a
clear effect mediated by HuR in chronic inflammation was
also conferred from our analyses of TgATFHuR" TNFAARE/+
mice that did not display any significant differences from
their TgATFHuR~ TNFAARE/F controls (Figure S2). In sharp
contrast, T¢ATFHuR"™ mice were markedly more resistant to
anti-CD3 mediated enterotoxicity with reduced symptoms of
inflammatory degeneration and a near lack of a response in terms
of exudate epithelial cells in the lumen (Figure 6A). As such,
these mice displayed the opposite epithelial sensitivity of IEC-
HuRko mice to inflammatory damage, which could connect also
to their increased susceptibility to CAC. Finally, TgATFHuR"
mice displayed a significant delay in the early control of C.
rodentium as indicated by fecal bacterial counts on the 9th day
of the infection and the proteomic detection of representative
peptides (Figures 6B,C). This indicated that the elevation of HuR
compromised in part the efficiency of C. rodentium clearance.
However, the remaining response was unaltered both in terms
of the histological features as well as in the consistency of
commensal microbiota (Figures 6B-E) suggesting a new balance
in epithelial responses compensates to allow for the subsequent
mechanism of defense against the bacterium.

By comparison, the response of TgATFHuR" mice appears
as exactly the opposite of what we could expect from the sum
of differences in the debilitating mutations of HuR in myeloid-
derived immune vs. epithelial compartments, thus verifying that
HuR is acting as an anti-inflammatory regulator in myeloid-
derived immunity and as a pro-survival and pro-tumorigenic
factor in intestinal epithelia, with differential consequences in
different contexts of intestinal inflammation.
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FIGURE 4 | the Avidin and FLAG tags; the presence of B-globin intron/3’UTR that ensures a gene like structure and a 3'UTR and polyadenylation signal. (Middle
panel) Representative immunoblots for the detection of the transgenic ATF-HUR protein in mouse tissues and quantitation to endogenous mouse HUR (mHuR).
Membranes blotted with an anti-HuR antibody (3A2). (Bottom panel) Representative immunoblots for the detection of the transgenic ATF-HuR and endogenous
mHuR proteins in extracts from TgATFHuR™ lymphocytes (lymp.), macrophages (BMDMs) and IECs. (B) ELISA detection of elicited inflammatory mediators in
supernatants from cultured BMDMs (Upper panel), in the presence of Lipopolysaccharide (LPS; 100 ng/ml) for 24 h, and from non-adherent splenocytes (lymphocytes)
in the presence of PMA/ionomycin. Data represent individual values/culture and mean (+SD). (C) Kaplan-Meier analysis following endotoxemia induction. Two
experiments were performed with intraperitoneal administration of low (150 wg/25 g) and high (400 pg/25 g) doses of LPS, with similar results. Combined data from
the two experiments are shown. Total group numbers are shown. p-value denotes result of Log-rank test. (D) Quantification of villus/crypt (jejunum and ileum) length
ratio and colonic crypt height of younger (6 months old) and older (10-12 months old) mice. Data represent values of individual mice and mean (+SD). Student
unpaired t-test. (E) Representative histology of sections from paraffin embedded intestinal tissue stained for general tissue architecture (hematoxylin/eosin), for Goblet
cells (hematoxylin/periodic acid-Schiff), and for Paneth cells (anti-Lysozyme, blue stain, counterstained with Nuclear Fast Red). (F) (Left) Representative
immunohistochemical staining of Ki67 (brown) counterstained with hematoxylin for detection of proliferating epithelial cells in resting T9ATFHUR™ and TgATFHUR™
mice at the age of 2 months. (Right) Histograms of Ki67 labeling indices measured from photomicrographs as in (Left). Data compiled from n = 3-5 mice per group.

P-values from Wilcoxon Rank Sum test. In all graphs *, ***, **** denote p-values < 0.05, 0.001, and 0.0001 respectively.

DISCUSSION

In this study we followed a disease-oriented approach to
examine whether HuR’s independent functions in two distinct
compartments co-existing in the intestinal mucosa (i.e., myeloid-
derived immune cells and intestinal epithelial cells) contribute
similarly or differentially in the same contexts of inflammatory
intestinal disease. We chose to focus on the phenotypic effects of
HuR deletion in these cell types, rather than on the molecular
mechanisms that underlie them, in an effort to (a) highlight
the specificity of HuR’s functions thus providing a contextual
roadmap for future molecular analyses; and (b) address the issue
of HuR’s exploitation in the clinical management of intestinal
inflammation and degeneration. In doing so, we identified
that the independent cellular responses guided by HuR’s post-
transcriptional functions have differential outcomes in intestinal
inflammation.

In myeloid-derived immune compartments, HuR has
primarily a regulatory role acting to maintain intestinal
inflammation within physiological thresholds. This is supported
by the differential susceptibility of our M-HuRko mice
(augmented) to HuR overexpressing TgATFHuR" mice
(suppressed) in chemically-induced colitis; and is in line
to previous observations in other settings of pathologic
inflammation (17, 20, 38, 60). In molecular terms, this connects
to HuR’s capability of reducing the translation of several
pro-inflammatory cytokine mRNAs (e.g., Tnf, il6, Ccl2, Ccr2)
in innate immune cells, as opposed to their stability. Herein,
we extend the regulatory functions of HuR toward beneficial
myeloid-derived immunity functions required for host defense.
This was exemplified by our data from the model of C. rodentium
invasion where the loss of HuR enhanced pathogen clearance
and limited inflammatory damage. This could connect to the
capacity of HuR-deficient phagocytosing cells to uptake and clear
the invading bacteria rapidly due to rapid CCL2/CCR2 mediated
recruitment which seem to be connected to C. rodentium
clearance (61) and whose synthesis is augmented in HuR-null
macrophages supporting their enhanced homing at sites of
inflammation (20). Alternatively, and though not addressed,
HuR-null macrophages may display an enhanced inflammasome
activity which is required for the clearance of this pathogen. This
is indicated by several circumstantial evidence. In M-HuRko
mice commensal bacteria respond properly to the invasion of

C. rodentium suggesting that the bacterium can colonize the
mucosa in these mice during the initial stages of the infection.
On the other hand, the synthesis of antimicrobial RNAs known
to be induced in IECs during the infection were not altered. The
production of these RNAs in IECs is under the direct control
of adaptive immune cells recruited as a result of the activation
of myeloid-derived immune cells by the bacterium; as such,
it signifies that adaptive immune response was not altered in
M-HuRko mice despite their enhanced capability to control
the infection. In contrast, we detected heightened levels of IL1b
mRNA expression which could signify an enhanced activation of
the inflammasome pathway that needs to be further examined at
the molecular level.

The effects of myeloid HuR in the control of chronic
inflammation appear less defined. In the TNF-mediated model
of IBD, the loss of HuR did not alter the quality of the
pathologic response-despite the signs for a delay in disease
progression. This could be due to the complex hierarchy of
pathologic responses supporting disease in this model which,
besides myeloid-derived immune compartments, it is heavily
dependent on the adaptive arm of immunity as well as on several
stromal tissues (48-50). It is well-recognized that epithelial
and stromal cells in the intestine express numerous receptors
commonly found in immune cells and in this way they actively
participate in the coordination of the immune response (62, 63).
Alternatively, this could be due to the fact that TNF cannot
be regulated by HuR since its mRNA is missing the HuR
binding site. However, evidence that myeloid HuR can control
chronic inflammation stem from the response of these mice
during CAC. During CAC, a variety of toxic and regenerative
inflammatory responses drive dysplasia and adenoma formation
whereas subsequent tumor-associated inflammation (which
includes Tumor Associated Macrophages) support tumor growth
and invasion. The enhanced tumorigenesis and tumor growth
observed in M-HuRko mice suggest that these responses may be
either uncontrolled or qualitatively different.

The intestinal epithelial functions of HuR appear equally
diverse. Our data are in line with previous suppositions on
HuR acting positively toward intestinal epithelial programs of
proliferation and regeneration. This is supported by the delayed
restitution of DSS-challenged or irradiated epithelia when HuR
is lost [this study and (18)] and its rapid occurrence when HuR
is elevated; or by the diminishing effects of HuR’s loss in tumor
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FIGURE 5 | test. (B) Histological scores of colitis at the indicated time points. Box plots show range and median. n = 8-12 mice/group. (C) Representative histology
(H&E) of slides scored in (B). (D) (Left and middle columns) ELISA quantification of inflammatory mediators in colon cultures isolated from DSS-treated mice at the
indicated time points. Box plots show range and mean values. n = 3 cultures/group/time point. Student unpaired t-test. (Right) gPCR analysis of RNAs from
DSS-treated colons of IEC-HuRko mice on day 28 after treatment expressed as fold change (FC) relative to control mice. il4, interleukin 4, ifng, interferon gamma,
tgfb, transforming growth factor beta, Ptgs2, Prostaglandin-Endoperoxide Synthase 2. (E) Graphs depicting tumor number per mouse (left) and tumor size (right) in
TgATF~ and TgATFHUR™ mice 60 days after challenge with DMH/DSS. Dots represent individual mice (left) and tumors (right); horizontal lines represent means.
Student unpaired t-test. (F) Representative histology (H&E) of paraffin embedded colonic tumors measured in (E). In all graphs, *, **, ***, denote p-value < 0.05, 0.01,

and 0.001 respectively.

growth during CAC as opposed to its enhancing effect when
HuR is overexpressed. Based on the extensive literature, this
could be due to HuR’s control over the Frizzled co-receptor
Lrp6 (18), E-cadherin (36) and p-catenin (12) promoting Wnt-
induced progenitor expansion; or the pleiotropic Rho GTPAse
Cdc42 affecting proliferation, actin organization and migration
(64). Although these mechanisms are now well-accepted, they
reflect HuR’s functions in stem and transient amplifying cells
involved in regeneration. Our data indicate that HuR has a more
predominant role in the homeostasis of differentiated enterocytes
during inflammation for the preservation of intestinal barrier
integrity under inflammatory stress via different means. This is
heavily exemplified by the augmented response of IEC-HuRko
mice in the model of T-cell mediated enterotoxicity which
measures solely the response of enterocytes to inflammatory
death signals. This connects to several post-transcriptional effects
of HuR affecting directly or indirectly death responses. Directly,
HuR may oppose enterocyte death, due to its positive regulation
of prosurvival signals as in the cases of Bcl2, Mcll,ProT alpha,
Sirtl, and PGCla as well as effectors of mitochondrial resistance
(65, 66). Indirectly, this could also connect HuR’s functioning in
controlling the adherens junctions of enterocytes via its control
over the stabilization of E-cadherin mRNA (36). To that end
IEC-HuRko mice phenocopy those lacking E-cadherin, which
display shedding and apoptosis of enterocytes, villus shortening
and augmented colitis (67, 68). Conversely, TSATFHuR™ mice
resemble mice with augmented E-cadherin/B-catenin junctions
that are resistant to colitis (69, 70).

Arguably however, enterocyte cell death can be an inevitable
side effect of a lack of continuous proliferation. However, our
data on C. rodentium argue that in the physiological mucosa the
prosurvival functions of HuR in enterocytes are more dominant
than its effects in stem cell programs driving regeneration. In
contrast to M-HuRko, IEC-HuRko mice possessed a normotypic
response toward the clearance of the infection. However,
HuR-deficient epithelia displayed a heightened level of tissue
damage accompanied by a heightened proliferative response
to compensate for that damage. Conversely, the elevation of
HuR in TgATFHuR™ epithelia did not alter their hyperplastic
response despite their resistance in enterotoxicity suggesting that
the elevated HuR provided a new balance between inflammatory
death and regeneration. Definitely however, and as indicated by
the response of TgATFHuR™' mice to CAC, this balance is tilted
toward the proliferative end providing benefits for the conversion
of progenitors to dysplastic tissue, adenomas and carcinomas.

Our studies with C. rodentium suggest that HuR may also
control the defensive properties of the epithelia. This is suggested
by the augmented response in RNAs promoting antimicrobial

defense (like ReglIII) correlating with the proper resolution of the
infection as opposed to the enhanced tissue damage. Whether
this is directly regulated by HuR in IECs or via an indirect control
over signals promoting antimicrobial gene expression in these
cells remains to be determined.

Collectively, our data provide several indications for
the clinical use of HuR inhibitors in combating intestinal
inflammatory diseases. Several lead compounds have been
reported in the literature. Their clinical use in intestinal
inflammatory diseases is based on the assumption that they could
act as selective and eflicient means for inflammation control
by blocking the activation of several pro-inflammatory, ARE-
containing, cytokine mRNAs driving intestinal inflammation.
In that sense they could provide more specific therapeutic
means than generic immunosuppressants (e.g., corticosteroids,
aminosalicylates, methotrexate, cyclosporine, azathioprine,
and mercaptopurine) or more effective than single cytokine
inhibitors (e.g., anti-TNEF, anti-IL12/23 or NSAIDs for Cox-2)
currently used to treat patients suffering from, for example, IBD.

Our findings indicate that these suppositions need to be
reconsidered since HuR appears to have potent activities in
regulating the acute responses of myeloid-derived mucosal
subsets and the protection of the intestinal barrier from
these responses. Similar considerations should be made for
the applicability of HuR inhibitors in combating intestinal
transformation and CRC. The main issue is the inflammatory
context that either supports or impedes tumor initiation
and progression. Our study provides a clear rationale as to
why such inhibitors seem to fail in preclinical models of
CAC since they could aggravate the early pro-inflammatory
responses of myeloid-derived immune subsets driving IBD and
enhance the genotoxic damage of the intestinal epithelial barrier
thus enhancing the transformation process. We postulate that
monotherapeutic schemes blocking HuR functions should be
avoided in CRC arising in the context of IBD, where anti-cytokine
therapies are also envisaged for applicability (e.g., anti-IL6).

Despite these issues, both our study and other studies
on animal models support that HuR blockade could be of
benefit in specific cases -or windows- of intestinal disease
(37). For example, HuR inhibitors may be applicable in CRC’s
arising due to genetic mutations—like in the case of FAP
and models of APC mutations- where inflammation may
have a secondary role. In that context, HuR inhibition can
clearly hinder the proliferative expansion of transformed cells,
promote tumor death and aggravate an immune response
targeting tumor cells for clearance. As such it could act
as a more selective and efficient therapeutic strategy than
current chemotherapeutics and surgical procedures for FAP.
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FIGURE 6 | indicated time points post anti-CD3 antibody injections. Photomicrographs of ilea 24 h post injections are shown. Histological score and morphometry, n
= 10/genotype/time point, Student unpaired t-test; Exudate cell number, n = 6-12/group, Mann-Whitney test. (B) Fecal bacterial counts in mice orally infected with
C. rodentium. n = 10-25/group/time point. Student unpaired t-test. (C) Firmicutes to Bacteroidetes (F/B) ratio (left) and relative abundance of C. rodentium (right) in
the feces of uninfected (day 0) and infected (day 9) mice. n = 8-12 mice/group/time point. Mann-Whitney test. (D) Representative histology of paraffin embedded
distal colons from mice orally infected with C. rodentium at indicated time points post infection. (E) Histological parameters of C. rodentium colitis at the indicated time
points post infection. Graphs show means (+SEM). N = 8-13/group/time point. In all graphs, *,**, ***, denote p-value < 0.05, 0.01, and 0.0001, respectively.

Perhaps, the anti-tumorigenic capabilities of HuR blockade
could also be harnessed for CAC through the combinatorial-
yet carefully controlled—use of anti-inflammatory drugs or
drugs inhibiting the recruitment of myeloid-derived cells in
the mucosa, alongside HuR inhibition regimes; or devise
strategies for the selective uptake of HuR inhibitors by cancer
cells thus bypassing the adverse targeting of myeloid-derived
compartments. Finally, our data do support the beneficial use
of HuR blockade in combating infections with enteropathogenic
and enterohaemorrhagic bacteria since they could boost up
beneficial immune and epithelial responses driving pathogen
clearance. As such they could be used in combination with
antibiotic or other antimicrobial regimes.

In general however, the ambiguity in the clinical effects of
HuR blockade reflects the ambiguity in HuR functions both
in cell intrinsic events and cellular interactions. As it stands,
HuR drives both beneficial and adverse reactions in myeloid-
derived and epithelial compartments. The molecular details for
HuR functions in discriminating the post-transcriptional fate of
tissue specific programs remain to be elucidated. To provide
more definitive strategies on HuR blockade would require the
dissection of HuR’s protein and RNA partners that differentiate
the beneficial from pathologic post-transcriptional programs and
selectively target only the pathologic ones. To that end our study
provides a framework to seek for such partnerships in the context
of intestinal disease.
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