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Abstract: Clostridioides difficile infection is widespread throughout countries and repre-
sents an important cause of nosocomial diarrhoea, with relatively high morbidity. This
infection often occurs in patients with inflammatory bowel diseases and may complicate
their clinical picture. Here, we propose, on the basis of evidence from basic science studies,
that in patients affected by inflammatory bowel diseases, this infection might be facilitated
by a derangement of the enteric glial cell (EGC) network caused by the effects of proin-
flammatory cytokines, such as tumour necrosis factor alpha and interferon gamma, which
enhance the cytotoxic effects of C. difficile toxin B on EGCs. This hypothesis, if confirmed,
could open the door to alternative treatment approaches to fight C. difficile infection.
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Introduction
One of the most widespread health-care-associated infections worldwide is that
induced by Clostridioides (formerly Clostridium)' difficile>™* In fact, in 2012, in
the United States, 500,000 individuals were infected per year, with approximately
29,000 deaths, and in Europe, there were approximately 124,000 cases, with an
overall mortality of 3-30%. C. difficile infection (CDI) represents 15-25% of all
opportunistic gastrointestinal infections,” and the infection can be acquired after
antibiotic exposure or hospitalization but also in the community in individuals who
are younger, have a lower risk of antibiotic exposure and have not been
hospitalized.> > Recently, an increasing incidence of CDI has been demonstrated,
especially of community-acquired CDL> Many patients who get community-
acquired CDI have underlying inflammatory bowel disease (IBD) and fit the
demographic and risk factor profile for CDL>> The rate of CDI cases occurring
in IBD patients has increased more than 4-fold in recent years.>> A serious
complication of CDI is a high risk of recurrence, with a recurrence rate of 20—
25% after the first episode and up to 60% after the third episode.””

CDI is an important cause of nosocomial/antibiotic-associated diarrhoea, with
clinical manifestations ranging from asymptomatic carriage or mild self-limiting

diarrhoea to colitis without pseudomembrane formation to pseudomembranous

Received: 9 July 2021
Accepted: 2 October 2021
Published: 30 December 2021

Journal of Inflammation Research 2021:14 7443-7453 7443
© 2021 Bassotti et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BY N

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c g/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-0237-1812
http://orcid.org/0000-0002-2256-6174
http://orcid.org/0000-0003-0810-4026
http://orcid.org/0000-0001-8074-8243
mailto:gabassot@tin.it
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Bassotti et al

Dove

colitis and fulminant colitis,” > and the severity of CDI is
likely not affected by other coinfections.® Nosocomial/
antibiotic-associated diarrhoea is defined as diarrhoea
occurring between 2 hours and 2 months after the use
of antibiotics and is frequently accompanied by abdom-
inal pain and cramps.” > The symptoms of colitis with-
out pseudomembrane formation include watery
diarrhoea, possible presence of trace blood in the stool,
nausea, abdominal pain, malaise, anorexia, low-grade

and 2-5,7

fever, dehydration, pyrexia, leucocytosis.
Clinical manifestations of PMC include watery diarrhoea,
abdominal cramps, dehydration, hypoalbuminemia, and
rising inflammatory cells, serum proteins, and mucus.
Furthermore, following sigmoidoscopic examination, pla-
ques are observed in the colorectal mucosa and some-
times in the terminal ileum.>™>” Fulminant colitis, which
occurs in approximately 3% of CDI patients, accounts for
most serious complications, including perforation, pro-
longed ileus, megacolon, and death.>>’ CDI is not lim-
ited to the colon because extracolonic manifestations
have been reported, and the clinical manifestations of
disease include small bowel disease with the formation
of pseudomembranes on the ileal mucosa, bacteraemia,
reactive arthritis, visceral abscess, appendicitis, intraab-
dominal abscess, osteomyelitis, and empyema.®’ In
recent years, a significant rise in cases of fulminant
colitis, which results in the development of symptoms,
multiple organ failure, and increased mortality, has been

associated with hypervirulent strains of C. difficile.” >’

CDI can be classified as endogenous or exogenous.” >’
Endogenous infection originates via carrier strains,
whereas exogenous infection occurs through infected
individuals, contaminated health care workers, nosoco-

2-5,7

mial sources, and contaminated environments.

C. difficile is spread via the oral-faccal route.> >’
C. difficile is acquired by oral ingestion of spores that
are resistant in the environment, are tolerant to the acidity
of the stomach and have a process of spore germination
that is both complex and unique.”>’'° Then, after the
acquisition of C. difficile from an exogenous source, in
the small intestine, the disruption of the normal gastro-
intestinal microbiome together with other factors, such as
advanced age, the genetic and immune system of the
host, the virulence of the C. difficile strain, the nature
and extent of antimicrobial exposure, the use of proton-
pump inhibitors (PPIs), the types of foods consumed,
medication use, physical environment, obesity, renal dis-
ease, hypoalbuminemia, immune system impairment,

autoimmune and allergic diseases, diabetes, and IBD,
lead to diminished colonization resistance, which favours
the germination of the ingested spores to the vegetative
form, which then favours the colonization of C. difficile
in the large intestine.”>"'°'* Subsequently, bacterial
growth, multiplication, and toxin production damage
enterocytes in the intestinal crypts. >0

Several studies have reported the importance of CDI in
IBD.”">"'7 C. difficile has also been reported to be involved
in the exacerbation of ulcerative colitis (UC).”'>"!” This
made it necessary to routinely evaluate CDI status in
patients with severe IBD, especially before initiating further
immunosuppressive therapy.”'>~'7 Recurrent CDI is one of
the most challenging aspects of CDI that occurs either due
to relapse or reinfection.”'>"'” The main cause of recurrent
CDI seems to be the disturbance of the normal bowel
microflora and a defective immune response against
C. difficile and/or its toxins (Tcds).”'>""”

CDI develops following intestinal colonization and the
production of two large glucosylating toxins, C. difficile
toxin A (TcdA) and toxin B (TcdB),>"'® 2! with subse-
quent disruption/modulation of the host microbiome.?**
TcdA and TcdB are the major virulence factors of
C. difficile and contribute to its pathogenicity by inducing

34,1821
" However,

mucosal inflammation and diarrhoea.
C. difficile may produce several other presumed virulence
factors, including C. difficile transferase toxin, fibronectin
binding protein, fimbriae, and adhesins, which could con-
tribute to the persistence of C. difficile by promoting adhe-
sion and the penetration of C. difficile, antagonizing the
natural immune response and contributing to an inflamma-
tory state with cytokine induction.®*”'®2! In vivo, after
the adhesion of the C. difficile spore to the surface of the
intestinal epithelial cells and in the presence of conditions
that favour germination,® "' C. difficile begins to
synthesize and secrete TcdA and TcdB, which, after trans-
location to the cytosol of target cells, inactivate Rho-
GTPases, including Rho, Rac, and Cdc42.>182! 1n vivo,
TcdA and TcdB alter the cell cytoskeletal structure, disas-
semble focal adhesions, disrupt epithelial tight junctions
and cause cell death.**'®2! These events provoke direct
injury to intestinal epithelial cells, thus favouring the pene-
tration of C. difficile in the deeper layers of the intestinal
mucosa and the further penetration of Teds, which progres-
sively can reach myofibroblasts, submucosal cells, entero-
glial cells (EGCs), resident immune cells (mast cells) or
recruited immune cells (macrophages and polymorphonuc-

lear cells) following the inflammatory response.®* '
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Then, Tcds stimulate colonic epithelial cells and resident or
recruited immune cells to release proinflammatory cyto-
kines, chemokines and neutrophil chemoattractants, leading
to an amplification of the acute inflammatory response,
which is a main characteristic of the clinical picture of
CDI>*!82! The altered barrier and active inflammation
increase intestinal and vascular permeability, which favours
the entry of Tcds and/or bacteria into the lamina propria,

resulting in  an intestinal

3,4,18-21

amplification  of
inflammation, and finally, Tcds can reach neuronal
cells and EGCs. In vitro, TcdA and TcdB inactivate Rho-
GTPase leading to a loss of cytoskeletal structure, cell
rounding, cell cycle arrest (cytopathic effects) and cell
death for early necrosis or apoptosis (cytotoxic
effects).>*!8 2! Furthermore, TcdA and TcedB can stimulate
several cell types (intestinal epithelial cells, immune cells,
neurons) to secrete cytokines and chemokines.**'#2!
TcdA elicits effects primarily within the intestinal
epithelium, while TcdB has a broader cell tropism.>'® !
Tcds induce cytopathic and cytotoxic effects on enteric
cells (enterocytes, colonocytes, enteric neurons), immune
cells, hepatic cells, nervous system cells, cardiac cells,
and colon/pancreas tumour cell lines.>*'® 2! The effects
of Teds on mucosal and submucosal cell types in vivo
and in vitro have been widely investigated for many

years’4,18—21

and our studies have contributed to the
knowledge of the effects of TcdB (approximately 1000
times more potent than TcdA) on EGCs in vitro.” We
recently demonstrated that TcdB induces cytopathic and
cytotoxic effects in a dose- and time-dependent manner
in EGCs.”> In fact, TcdB induces the following in
EGCs:* a) early Racl glucosylation; b) early cell round-
ing; c) cell cycle arrest, mediated by an upregulation of
p27 and an inactivation of the cyclin B1/Cdc2 complex;
and d) late apoptosis, mediated by a caspase-dependent
but mitochondria-independent pathway, as demonstrated
by early caspase-3 and PARP activation with later cas-
pase-7 activation and ROCK1 overexpression but without
alterations in pro- and antiapoptotic Bcl-2 family protein
expression.”> We have also demonstrated that TcdB in
EGCs does not significantly affect ATP levels and mito-
chondrial functionality but activates caspase-3, confirm-
ing that TcdB-induced EGC apoptosis is mitochondria-
independent and caspase-3-dependent.”® Moreover, we
also demonstrated that apoptosis is mediated through the
ROS/INK/caspase-3 axis; indeed, caspase-3 activation
and apoptosis were reduced, inhibiting ROS production

with ML171 or N-acetylcysteine or JNK activation with
SP600125 (a JNK inhibitor).?

Furthermore, we also demonstrated that ECGs surviv-
ing the apoptosis caused by TcdB at 10 ng/mL acquire
a state of senescence characterized by: a) irreversible
cell cycle arrest, induced by an overexpression of p27,
hypophosphorylation of phospho-RB, and downregula-
tion of c-Myc, cyclin Bl, cdc2 and phosphorylated-
cdc2; b) flat morphology; c) positivity for senescence-
associated-p-galactosidase; d) early and persistent DNA
damage, indicated by ATM and H2AX phosphorylation;
and e) an overexpression of Sirtuin-2 and Sirtuin-3.?’
TcdB-induced EGC senescence is JNK and AKT activa-
tion dependent but ROS, p16 and p53/p21 independent.?’
The senescence state of EGCs, in addition to altering
functionality, can represent a potential preneoplastic sti-
mulus danger to the surrounding cells.”>’ This risk of
senescence may be of some relevance in individuals with
IBD, in which one or more recurrent CDIs, if accompa-
nied by the formation of senescent EGCs, could contri-
bute to the higher incidence of tumours reported.

Furthermore, our studies have highlighted an impor-
tant phenomenon of an enhancement of the toxic effects
of TcdB on EGCs through the proinflammatory cytokines
tumour necrosis factor alpha (TNF-a) and interferon
gamma (IFN-y).?* The proinflammatory cytokines TNF-
a and IFN-y, which alone are not cytotoxic against EGCs
but only slightly cytostatic, given before (—18 h), con-
comitantly or after (+2 h) exposure to TcdB at low doses
(0.1 ng/mL and 1 ng/mL), enhance the apoptosis of
EGCs induced by TcdB, which is characterized by an
increase in caspase-3, caspase-7, caspase-9 and PARP
activation without any involvement of the Bcl-2
family.”> This synergistic cytotoxic activity of TcdB
with proinflammatory cytokines led us to hypothesize
that even at low doses of TcdB, these cytokines might
play a pathogenetic role in CDI and in its relapses.®*%%°

This synergism, which can be important in CDI, espe-
cially in the early stages of infection when the level of
TcdB produced is still low, can become a relevant factor in
patients with IBD with a persistent low level of inflamma-
tion, characterized by the presence of proinflammatory
cytokines, including TNF-a and IFN-y. Therefore, in indi-
viduals with IBD with persistent inflammation and fre-
quent CDI relapses, the cytotoxic synergism between
TcdB and the proinflammatory cytokines TNF-a and
IFN-y could contribute to the progressive disruption of
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the EGC network and reduce the functionality of these
cells.

It is now well recognized that IBD patients are at
a high risk of developing CDI even in the absence of
other traditional risk factors.”'>"'7 Therefore, persistent
inflammation could contribute to the greater susceptibility
to CDI in individuals with IBD.

As also reported above, among the risk factors for the
occurrence of CDI are comorbidities, such as the known
types of IBD, UC and Crohn’s disease (CD).”'>"'"*° IBD
patients are often immunocompromised by the treatments
used to control the disease (steroids, thiopurines, biologi-
cal agents, etc.),’' and CDI may complicate their clinical
picture,*? prolong hospitalization periods and increase sur-
gical rates.®” Of interest, experimental studies have shown
that mice with IBD are more susceptible to CDI and that
this infection provokes more severe disease and death.>*

Several cytokines are consistently upregulated in IBD

1835739 in particular, it is well known that the

patients;
intestinal inflammatory state of both UC and CD patients
is associated with increased levels of the proinflammatory
cytokines TNF-0,** which correlates with disease activity

4142 and IFN-y.*** This inflammatory state

and severity,
associated with IBD is present along with the strong
inflammatory response provoked by CDI.

The recurrence of CDI has thus far been attributed to the
persistence of the spores after antibiotic therapy or to rein-
fection after therapy in individuals who have a profoundly
altered microbiome, the primary cause of CDI, which
remains altered even after temporary cessation of antibiotic
therapy.”>7'%'2 An important new feature of C. difficile
has recently been demonstrated, which further underlines
the complex strategy by which it interacts with the host: the
ability of C. difficile spores to adhere to gut epithelial cells
and to penetrate them via a process of macropinocytosis-
like endocytosis.'"'* This entry pathway is Fr-95B; and
Vn-a,f; integrin dependent, and the spore-surface collagen-
like BclA3 exosporium protein plays a key role in the
pathway.'"'? In an in vivo model in mice, it was thus
shown that the entry of spores into intestinal epithelial
cells in a dormant but reactivable state contributes to the
recurrence of CDIL'"“'? Taken together, this evidence in
individuals with IBD highlights how several factors can
contribute to the recurrence of relapses: a) persistent dysmi-
crobism, b) a persistent proinflammatory cytokine response,
c) the reactivation of spores within epithelial cells, and d)
cytotoxic synergism between TcdB and the proinflamma-
tory cytokines TNF-a and IFN-y. The recurrence of this

phenomenon, even in a clinically more attenuated form, can
lead to the progressive loss of EGCs and their reduced
functionality. It must be kept in mind that, unlike other
types of intestinal cells, which can be regenerated after
cell death, this does not happen with EGCs; therefore,
progressive dysfunction within the EGC functional network
will be inevitable.

The Key Role of Proinflammatory
Cytokines During CDI on the
Enteric Glial Cell (EGC) Network:
A Working Hypothesis

We recently assessed the in vitro effects of TcdB on EGCs,
a cell population that plays a pivotal role in several gut
functions, such as mucosal permeability, secretion, percep-

45,46

tion, motility, and neurotransmission, and is likely to

play an important pathophysiological role in IBD.*’>?
TcdB caused time- and dose-dependent cytopathic and
cytotoxic effects on ECGs.> In fact, as reported above,
TcdB causes cell rounding, Racl glucosylation, cell cycle
arrest and cytotoxic effects by apoptosis in a time- and
dose-dependent manner.”> Apoptosis is mediated by
but

pathway.*>*® In fact, we demonstrated that TcdB induces

a  caspase-dependent mitochondria-independent
caspase-3, caspase-7 and PARP activation without altera-
tions in pro- or antiapoptotic Bcl-2 family protein
expression,”> and Macchioni et al*® confirmed that TcdB-
induced EGC apoptosis is mitochondria-independent and
mediated through the ROS/INK/caspase-3 axis.?®
Furthermore, we demonstrated that EGCs surviving the
cytotoxic effects of TcdB undergo cellular senescence
phenomena (irreversible cell cycle arrest, flat morphology,
positivity for senescence-associated (-galactosidase, carly
and persistent DNA damage, an overexpression of Sirtuin-
2/Sirtuin-3, JNK and AKT activation), with increasing
GDNF production but persistent impairment of cell func-
tions (persistent Racl glucosylation, cell cycle arrest, and
resistance to apoptosis).”>>” It is worth noting that the
stimulation of EGCs with TNF-o and IFN-y before (—18
h), concomitantly or after (+2 h) exposure to TcdB (0.1 ng/
mL; 1 ng/mL), at doses of cytokines not affecting control
cells, provoked a strong increase in TcdB-induced
apoptosis.”®> In fact, we found that when EGCs were
exposed to TNF-a plus IFN-y 18 h before TcdB treatment,
the percentage of apoptotic cells increased by approxi-
mately 3.3-fold with 0.1 ng/mL TcdB and 1.8-fold with 1
ng/mL TcdB, and when EGCs were exposed to TNF-a plus
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IFN-y 2 h after, 2 h before and concomitantly with TcdB
treatment, the percentage of apoptotic cells increased by
approximately 2.6-fold in EGCs treated with 0.1 ng/mL
TcdB and by approximately 1.4-fold in EGCs treated with
1 ng/mL TedB compared with TcdB-treated EGCs not
stimulated with cytokines.””> We also demonstrated that
this synergistic increase in apoptosis was due to increased
activation of caspase-3, caspase-7, caspase-9 and PARP
without any involvement of Bcl-2 family members;
indeed, Bax and Bcl-X; expression was not significantly
changed. Finally, we demonstrated that Racl glucosylation
by TcdB persisted and was not affected by cytokines.?
This synergistic cytotoxic activity of TcdB plus TNF-o and
IFN-y led us to hypothesize that even at low doses of
TcdB, these cytokines might play a pathogenetic role in
CDI and relapse.®***’ Conditions that can be relevant in
pathological gut conditions which are characterized by
a persistent inflammatory picture, such as that featured in
IBD. Therefore, the increased susceptibility of these
patients to CDI might also be related to the synergistic
cytotoxic effect between TcdB and proinflammatory cyto-
kines on EGCs, in addition to the effect on other targets.
However, since IBD patients often present important

22-24

abnormalities of the gut microbiome, although to

date, the pivotal role of IBD in increased sensitivity to

d,**> we now, instead, must also

CDI has been evaluate
consider the important role of the inflammatory environ-
ment that characterizes individuals with IBD in suscept-
ibility to CDI.

The key functions controlled by EGCs, such as muco-
sal permeability, secretion, perception, motility, and neu-
rotransmission, justify the fact that abnormalities of this
cell population are thought to play important pathophysio-
logical roles, and particularly if alterations in EGCs are
due to CDI, they can have important pathophysiological
roles in the maintenance and/or progression of IBD.*+3072

The progressive functional alteration of the EGC net-
work following recurrent CDI could have relevant conse-
quences when taking into account what functions perform
this type of cell. EGCs are important cells of the enteric
nervous system (ENS) that contribute to the modulation of
inflammatory responses in the human gut.*** EGCs pos-
sess several neurotrophic and neuroimmunomodulatory
properties.*>*® Under physiological conditions, EGCs, as
reported above, regulate mucosal permeability, secretion,
perception, motility, neurotransmission and host defence
and play an important role in the maintenance of gut
homeostasis and in the modulation of enteric neuronal

activities.*>*® Under pathological conditions, EGCs trig-
ger and promote chronic inflammation in the intestinal
mucosa since these cells release mediators that increase
inflammation and are able to induce chronic inflammatory
changes in the gut mucosa.*’** Such a detrimental loop
is responsible for the substantial recruitment of other target
cells, including immune cells. In fact, EGC-derived S100B
is able to affect peripheral macrophages and intestinal
mucosal immune cells. Furthermore, there is mounting
evidence that EGCs might also be critically involved in
IBD.?#4732:3% ENS alterations, characterized by apoptotic
bodies of neurons and glia,*® especially in submucosal
plexi, are commonly observed in human IBD, and they
have been postulated to play a fundamental role in the
occurrence of disorders of intestinal motility and/or
secretion.*’ %% In fact, in addition to the well-known
involvement of macrophages and neutrophils, other cell
types have been reported to substantially contribute to the
onset and progression of IBD.*’ 5% A better understand-
ing of the molecular mechanisms underlying EGC dys-
function might constitute a new approach to increase the
efficacy of new EGC-oriented drugs that may overcome
the lack of long-term effectiveness of immunosuppressant
agents used for IBD.

Thus, in IBD patients, the summation of several patho-
genic noxae, including abnormalities of the immune sys-
tem, intestinal dysmicrobism, and the “cytokine storm”,
may synergically act to induce or aggravate the disruption
of the EGC network reported in these patients.”® Of inter-
est, the loss of EGCs might be increased by rapid enteric
neurogenesis from glial progenitors, as shown in experi-
mental animal models of colitis.>

Abnormalities of EGCs are likely to influence mucosal
permeability, favouring both CDI and its relapses. Indeed,
proinflammatory cytokines could play a pivotal role in
these instances due to the extreme susceptibility of EGCs
to TcdB when pretreated with very low doses of TNF-a
and IFN-y.%®> Therefore, it is possible that in IBD patients,
even low bacterial loads of C. difficile might induce an
infection and, due to the persistent inflammatory status
often observed in these patients, also favour relapses.
Moreover, the recurrence of CDI has thus far been attrib-
uted to the persistence of spores after antibiotic therapy or
to reinfection after therapy in individuals who have
a profoundly altered microbiome, the primary cause of
CDI, which remains altered even after temporary cessation
of antibiotic therapy.>>"''? However, the ability of
C. difficile spores to adhere to gut epithelial cells and to
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penetrate them via a process of macropinocytosis-like
endocytosis and the ability of C. difficile spores to persist
in a dormant but reactivable state could contribute to the
recurrence of CDIL'"“'? Taken together, this evidence in
individuals with IBD highlights how several factors can
contribute to the recurrence of relapses, namely, persistent
dysmicrobism, persistent proinflammatory cytokine
response, a reactivation of the spores within the epithelial
cells, cytotoxic synergism between TcdB and the proin-
flammatory cytokines TNF-a and IFN-y. The recurrence of
this phenomenon, even in a clinically more attenuated
form, can lead to the progressive loss of EGCs and their

reduced functionality.

Targeting Cytokines: A New Road
to Fight CDI in IBD?

The above considerations suggest that therapeutically tar-
geting proinflammatory cytokines might be a way to fight
CDI in IBD patients. Indeed, immune profiling in these
patients is being explored as a possible means for more
focused interventions.”*>’

An important implication of our in vitro results,
namely that TNF-a and IFN-y enhanced the cytotoxic
effects of TcdB, should be that the reduction of TNF-a
in vivo in patients with IBD is accompanied by a reduction
in the incidence of CDI and recurrences.

Until now there are no studies that have directly
addressed this issue, however a series of in vitro and
in vivo results suggest the existence of this relationship.

Fidaxomicin (FDX) and its primary metabolite, OP-
1118, inhibit TcdB-induced TNF-o production and histo-
logical damage in human colonic explants, thereby redu-
cing TcdB cytotoxicity.”® FDK and OP-1118 reduced
TNF-a synthesis by blocking NF-kB activation.>®

In a study on 629 patients with acute symptoms of
CDI, FDX reduces recurrences more than vancomycin.>’

Furthermore, in another study on 81 patients with IBD,
all patients after a first episode of CDI treated with FDX
had no recurrences.*’

However, these results do not allow to identify which
contribution has the greatest efficacy towards bacteria
Gram+ anaerobic and the reduction of the inflammatory
response by FDX.

Tcds are present in the serum in patients with IBD and
the positive index for circulating TedB is higher in those
with active IBD than in those in remission and in controls.
The treatment of patients with IBD with Infliximab (IFX)

reduces TcdB levels in the sera as if reducing TNF-a

decreases CDL.°!

This can be explained by the fact that
IFX therapy can restore the gut epithelial barrier and thus
block TNF-a induced inflammation.®!

Based on our hypothesis, however, the neutralization of
TNF-a would prevent the cytotoxic synergism between
cytokines and the TcdB reducing or strongly attenuating
its cytotoxic effects.

A further confirmation that IFX reduces the incidence of
CDI occurs in a study on 521 patients with IBD where there
is a clear-cut reduction in CDI compared to other treatments
with corticosteroids or other immunosuppressive agents.®*

In a study on 319 patients with IBD, in which 9%
develop CDI, the genetic risk of developing IBD is asso-
ciated with 6 genetic polymorphisms that are correlated
with an increased risk of developing CDI.*> What’s most
important, patients undergoing anti-TNF-a biologic ther-
apy have a lower risk of developing CDL®* ie, anti-TNF-a
therapy is protective against CDI. The proposed explana-
tion is that anti-TNF-o therapy, reducing this cytokine,
promoting mucosal healing, as assessed with the endo-
scopy, decreases the likelihood of disrupting the micro-
biome and thus lowering the risk of CDI.%**

Although indirectly, the explanation of these results,
according to our in vitro studies, is that the reduction/
neutralization of TNF-a reduces inflammation and antag-
onizes the cytotoxic synergism between this proinflamma-
tory cytokine and TcdB with the consequent reduction of
both cytotoxicity at the level of the epithelium of the gut
mucosa and inflammation, as well as of the risk of the
amplification of a new CDI or recurrence.

The anti-TNF-a regimen is not effective in reducing
CDI in patients with IBD, on the contrary it increases the
CDI risk when combined with other immunosuppressive
drugs, probably due to the summation of suppressive
effects on the immune system.®>°¢

Furthermore, the combinations of IFX with antibiotics
increase of 4-fold the incidence of CDI in patients with
IBD, likely because of the decrease of TNF-a levels and
therefore of antimicrobial resistance summed to further
dysmicrobism induced by antibiotics.'®

Certainly, a study of correlation in patients with IBD
between the levels of TNF-a, their persistence over time
and the incidence of CDI and relapses would be important,
to help clarify these aspects.

In light of the fact that in patients with IBD, the
possible persistence of C. difficile spores inside the epithe-
lial cells of the colonic mucosa because they are not
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eradicated by antibiotic therapy or because they are intro-
duced from the outside into a patient with a persistent
inflammatory state suggests that trying to reduce the levels
of circulating TNF-a, a factor that predisposes and favours
the onset of CDI, may be useful in these patients.

This preventive approach is relevant to prevent recurrences
of CDI, even of low intensity, which progressively and irre-
versibly alter the functionality of the EGC network, which
contributes to increasing the susceptibility to recurrent CDI.

Conclusion

C. difficile, an anaerobic Gram-positive spore-forming
bacterium, can be acquired by exogenous (via the orofecal
route) or endogenous sources. In susceptible hosts, the
spores germinate into vegetative forms of C. difficile,
through which the overgrowth and the production of
TcdA and TcdB lead to inflammation. TcdA and TcdB by
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disruption of cytoskeletal structure leads to alterations of
cell shape, cell adhesions and epithelial tight junctions and
causes cell death and injury to the colonic mucosa, which
favour the passage of Tcds into deeper layers of the
mucosa that and EGCs
(Figure 1A). In vitro Tcds inactivating Rho-GTPase lead
to a loss of cytoskeletal structure, cell rounding, cell cycle
arrest (cytopathic effects) and cell death for early necrosis
or apoptosis (cytotoxic effects) in epithelial intestinal cells,
as well as immune cells (Figure 1A). TcdB also induces
cytopathic effects and cytotoxic effects (apoptosis) on
EGCs, and the proinflammatory cytokines TNF-a and
IFN-y enhance the cytotoxic effects of TcdB on EGCs.
Furthermore, EGCs that survive the cytotoxic effects of
TcdB undergo senescence (Figure 1A). The clinical man-
ifestations of CDI range from asymptomatic colonization

contain immune cells

and mild-moderate illness, to severe diarrhoea and
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Figure | Schematic description of the events of CDI in patients without IBD and in patients with IBD. (A) Events of CDI in patient without IBD. (B) Events of CDI in patient with IBD.
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fulminant life-threatening infection. A serious complica-
tion of CDI is a high risk of recurrence.

Patients with IBD, including those with CD and UC,
have increased CDI rates, recurrences, and disproportio-
nately higher morbidity and mortality than CDI patients
without IBD. Traditional risk factors for CDI (eg, antibio-
tic use, hospitalization, advanced age, PPI use, severe
underlying illness, anti-neoplastic chemotherapy, and
immunosuppressants) may not be found in many IBD
patients. Furthermore, recurrent CDI is more common in
IBD patients than in patients without IBD.

The most recent findings on the molecular mechanisms
of C. difficile pathogenicity and spore biology may have
profound new implications for CDI in patients with IBD
and suggest new methodologies to reduce their incidence
and pathological consequences.

The newly acquired knowledge and the possible links
with CDI pathology in IBD patients can be summarized as
follows (Figure 1B):

First, EGCs are susceptible to the cytotoxic effects of
TcdB in vitro. It is therefore foreseeable that even in vivo,
during the phase in which infection spreads to the submuco-
sal tissue, EGCs are affected by the toxic effects of TcdB.

Second, the proinflammatory cytokines TNF-o and
IFN-y potentiate the cytotoxic effects of TcdB on EGCs,
and this effect is more evident at relatively lower doses of
TcdB.

Third, EGCs that survive the cytotoxic effects of TcdB
acquire a state of senescence that causes altered function-
ality and thus the potential to favour the onset of IBS, IBD
and tumours.

Fourth, C. difficile spores can survive inside the epithe-
lial cells of the colon.

Therefore, in vivo, the most relevant effects of TcdB
on EGCs could be the decrease in EGC number due to
cytotoxicity and the transformation of many of the surviv-
ing EGCs with reduced or a loss of function into senescent
cells. Either of these two events has profound conse-
quences on the functionality of the EGC network
(Figure 1B).

These new insights into the effects of TcdB on EGCs
(Figure 1A) may have important implications for indivi-
duals with IBD who are more susceptible to CDI and
recurrence (Figure 1B).

In fact, it is important to note the following:

A) IBD patients are characterized by profound
alterations of the microbiota and the immune system

that contribute significantly to the increased susceptibil-
ity to CDI and recurrences. These patients are also
characterized by a persistent inflammatory state, includ-
ing the production of proinflammatory cytokines such as
TNF-a and IFN-y, which represents the first important
link with the results that demonstrate how these cyto-
kines increase the cytotoxic effects of TedB. Thus, in
patients with IBD, a mild CDI may be exacerbated due
to the cytotoxic synergism between TcdB and proinflam-
matory cytokines.

B) Spores remaining protected within the epithelial
cells of the colon favour the onset of new CDI, even in
the absence of reinfections. Therefore, the possibility of
a new CDI depends not only on the causes thus far well
known, such as non-eradication after antibiotic therapy or
reinfection, but also on the endocellular persistence of
C. difficile.

C) The persistent state of inflammation is added to the
known conditions that favour CDI in patients with IBD,
namely, the alteration of the microbiota and the reduced
functionality of the immune system.

D) The increased numbers of CDI episodes and
relapses cumulatively increase the damage to EGCs,
which are progressively reduced in number due to the
cytotoxic effects of TcdB, and most of the EGCs that
survive to the cytotoxic effects of TcdB reduce their func-
tionality due to the transition to a senescent state.

E) All this implies that in patients with IBD, CDI
can progressively reduce the functionality of the EGC
network, with serious consequences for the intestinal
physiology regulated by this network, thus contributing
to a greater susceptibility to reinfections or relapses.

If the persistent inflammatory state in patients with
IBD, even if modulated over time, favours CDI, then it
is possible to reduce CDIs and recurrences by reducing
TNF-a levels in the circulation whenever there are signifi-
cant increases compared to what may be considered base-
line levels in patients with IBD.

In support of this, there are in vitro results that clearly
demonstrate that the cytotoxic synergism between TcdB
and TNF-a plus IFN-y is dependent on the dose of cyto-
kines but not dependent on the time of the addition of
cytokines.

Therefore, the monitoring of TNF-a levels in patients
with IBD and their reduction if certain levels are exceeded
also have relevant clinical importance in mitigating the
more general toxic effects of TNF-a.

7450

Dove!

Journal of Inflammation Research 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Bassotti et al

Abbreviations

CDI, Clostridioides difficile infection; 1BD, inflammatory
bowel disease; UC, ulcerative colitis; Tcds, Clostridioides
difficile toxins; TcdA, Clostridioides difficile toxin A; TcdB,
Clostridioides difficile toxin B; EGCs, enteric glial cells; TNF-
o, tumour necrosis factor-alpha; IFN-y, interferon-gamma;
CD, Crohn’s disease; FDX, fidaxomicin; IFX, infliximab.

Author Contributions

All authors made a significant contribution to the work
reported, whether in the study conception, design, and
execution, data acquisition, analysis and interpretation or
in all these areas; took part in drafting, revising or criti-
cally reviewing the article; gave final approval to the
version to be published; agreed on the journal to which
the article has been submitted; and agreed to be accoun-
table for all aspects of the work.

Funding

This study received no funding.

Disclosure

Professor Giovanni Maconi reports personal fees from
Alfa Sigma, Gilead, Roche,
Pharmaceuticals, and Fresenius Kabi, outside the sub-

Janssen Cilag, Arena-

mitted work. The authors declare that they have no other
competing interests.

References

1. Lawson PA, Citron DM, Tyrrell KL, Finegold SM. Reclassification of
Clostridium difficile as Clostridioides difficile (Hall and O’Toole 1935)
Prévot 1938. Anaerobe. 2016;40:95-99. doi:10.1016/j.
anaerobe.2016.06.008

2. Cho JM, Pardi DS, Khanna S. Update on treatment of Clostridioides
difficile infection. Mayo Clin Proc. 2020;95(4):758-769. doi:10.1016/
j.mayocp.2019.08.006

3. Fettucciari K, Marconi P, Marchegiani A, Fruganti A, Spaterna A,
Bassotti G. Invisible steps for a global endemy: molecular strategies
adopted by Clostridioides difficile. Therap Adv Gastroenterol.
2021;14:175628482110327. doi:10.1177/17562848211032797

4. Czepiel J, Drozdz M, Pituch H, et al. Clostridium difficile infection:
review. Eur J Clin Microbiol Infect Dis. 2019;38(7):1211-1221.
doi:10.1007/510096-019-03539-6

5. Yadav D, Khanna S. Safety of fecal microbiota transplantation for
Clostridioides difficile infection focusing on pathobionts and
SARS-CoV-2. Therap Adv Gastroenterol. 2021;14:1-11. doi:10.1177/
17562848211009694

6. Shafiq M, Alturkmani H, Zafar Y, et al. Effects of co-infection on the
clinical outcomes of Clostridium difficile infection. Gut Pathog.
2020;12(1). doi:10.1186/s13099-020-00348-7

7. Goudarzi M, Seyedjavadi SS, Goudarzi H, Mehdizadeh Aghdam E,
Nazeri S. Clostridium difficile infection: epidemiology, pathogenesis,
risk factors, and therapeutic options. Scientifica (Cairo).
2014;2014:1-9. doi:10.1155/2014/916826

1

—_

20.

2

—_

22.

23.

24.

25.

26.

. Fettucciari K, Fruganti A, Marchegiani A, Brancorsini S, Marconi P,

Bassotti G. Proinflammatory cytokines: possible accomplices for the
systemic effects of Clostridioides difficile toxin b. J Inflamm Res.
2021;14:57-62. doi:10.2147/JIR.S287096

Di Bella S, Ascenzi P, Siarakas S, Petrosillo N, Di Masi A.
Clostridium difficile toxins A and B: insights into pathogenic proper-
ties and extraintestinal effects. Toxins (Basel). 2016;8(5):134.
doi:10.3390/toxins8050134

. Kochan TJ, Foley MH, Shoshiev MS, Somers MJ, Carlson PE,

Hanna PC. Updates to Clostridium difficile spore germination.
J Bacteriol. 2018;200(16):1-12. doi:10.1128/JB.00218-18

. Shen A. Clostridioides difficile spore formation and germination: new

insights and opportunities for intervention. Annu Rev Microbiol.
2020;74(1):545-566. doi:10.1146/annurev-micro-011320-011321

. Castro-Coérdova P, Mora-Uribe P, Reyes-Ramirez R, et al. Entry of

spores into intestinal epithelial cells contributes to recurrence of
Clostridioides  difficile  infection.  Nat 2021;12.
doi:10.1038/s41467-021-21355-5

Commun.

. Sun X, Hirota SA. The roles of host and pathogen factors and the

innate immune response in the pathogenesis of Clostridium difficile
infection. Mol Immunol. 2015;63(2):193-202. doi:10.1016/j.
molimm.2014.09.005

. Oliva A, Aversano L, de Angelis M, et al. Persistent systemic micro-

bial translocation, inflammation, and intestinal damage during
Clostridioides difficile infection. Open Forum Infect Dis. 2020;7(1).
doi:10.1093/0fid/0fz507

. Dalal RS, Allegretti JR. Diagnosis and management of Clostridioides

difficile infection in patients with inflammatory bowel disease. Curr
Opin Gastroenterol. 2021;37(4):336-343. doi:10.1097/
MOG.0000000000000739

. Zhang T, Lin QY, Fei JX, et al. Clostridium difficile infection worsen

outcome of hospitalized patients with inflammatory bowel disease.
Sci Rep. 2016;6:1-9. doi:10.1038/srep29791

. Khanna S. Management of Clostridioides difficile infection in

patients with inflammatory bowel disease. Intest Res. 2021;19
(3):265-274. doi:10.5217/ir.2020.00045

. Chandrasekaran R, Lacy DB. The role of toxins in Clostridium

difficile infection. FEMS Microbiol Rev.
doi:10.1093/femsre/fux048

2017;41(6):723-750.

. Sun X, Savidge T, Feng H. The enterotoxicity of Clostridium difficile

toxins.  Toxins doi:10.3390/
toxins2071848

Aktories K, Schwan C, Jank T. Clostridium difficile toxin biology.
Annu Rev Microbiol. 2017;71(1):281-307. doi:10.1146/annurev-

micro-090816-093458

(Basel).  2010;2(7):1848-1880.

. Pruitt RN, Lacy DB. Toward a structural understanding of

Clostridium difficile toxins A and B. Front Cell Infect Microbiol.
2012;2:28. doi:10.3389/fcimb.2012.00028

Rodriguez C, Taminiau B, Van Broeck J, Delmée M, Daube G.
Clostridium difficile infection and intestinal microbiota interactions.
Microb Pathog. 2015;89:201-209. doi:10.1016/j.micpath.2015.10.018
Darkoh C, Plants-Paris K, Bishoff D, DuPont HL. Clostridium diffi-
cile modulates the gut microbiota by inducing the production of
indole, an interkingdom signaling and antimicrobial molecule.
mSystems. 2019;4(2). doi:10.1128/msystems.00346-18

Rodriguez C, Romero E, Garrido-Sanchez L, et al. Microbiota
insights in Clostridium difficile infection and inflammatory bowel
disease. Gut  Microbes.  2020;12(1):1725220.  doi:10.1080/
19490976.2020.1725220

Fettucciari K, Ponsini P, Gio¢ D, et al. Enteric glial cells are suscep-
tible to Clostridium difficile toxin B. Cell Mol Life Sci. 2017;74
(8):1527-1551. doi:10.1007/s00018-016-2426-4

Macchioni L, Davidescu M, Fettucciari K, et al. Enteric glial cells
counteract Clostridium difficile toxin B through a NADPH oxidase/
ROS/INK/caspase-3 axis, without involving mitochondrial pathways.
Sci Rep. 2017;7. doi:10.1038/srep45569

Journal of Inflammation Research 2021:14

https:

7451

Dove:


https://doi.org/10.1016/j.anaerobe.2016.06.008
https://doi.org/10.1016/j.anaerobe.2016.06.008
https://doi.org/10.1016/j.mayocp.2019.08.006
https://doi.org/10.1016/j.mayocp.2019.08.006
https://doi.org/10.1177/17562848211032797
https://doi.org/10.1007/s10096-019-03539-6
https://doi.org/10.1177/17562848211009694
https://doi.org/10.1177/17562848211009694
https://doi.org/10.1186/s13099-020-00348-7
https://doi.org/10.1155/2014/916826
https://doi.org/10.2147/JIR.S287096
https://doi.org/10.3390/toxins8050134
https://doi.org/10.1128/JB.00218-18
https://doi.org/10.1146/annurev-micro-011320-011321
https://doi.org/10.1038/s41467-021-21355-5
https://doi.org/10.1016/j.molimm.2014.09.005
https://doi.org/10.1016/j.molimm.2014.09.005
https://doi.org/10.1093/ofid/ofz507
https://doi.org/10.1097/MOG.0000000000000739
https://doi.org/10.1097/MOG.0000000000000739
https://doi.org/10.1038/srep29791
https://doi.org/10.5217/ir.2020.00045
https://doi.org/10.1093/femsre/fux048
https://doi.org/10.3390/toxins2071848
https://doi.org/10.3390/toxins2071848
https://doi.org/10.1146/annurev-micro-090816-093458
https://doi.org/10.1146/annurev-micro-090816-093458
https://doi.org/10.3389/fcimb.2012.00028
https://doi.org/10.1016/j.micpath.2015.10.018
https://doi.org/10.1128/msystems.00346-18
https://doi.org/10.1080/19490976.2020.1725220
https://doi.org/10.1080/19490976.2020.1725220
https://doi.org/10.1007/s00018-016-2426-4
https://doi.org/10.1038/srep45569
https://www.dovepress.com
https://www.dovepress.com

Bassotti et al

Dove

217.

28.

Fettucciari K, Macchioni L, Davidescu M, et al. Clostridium difficile
toxin B induces senescence in enteric glial cells: a potential new
mechanism of Clostridium difficile pathogenesis. Biochim Biophys
Acta. 2018;1865(12):1945-1958. doi:10.1016/j.bbamcr.2018.10.007
Bassotti G, Macchioni L, Corazzi L, Marconi P, Fettucciari K.
Clostridium difficile-related postinfectious IBS: a case of enteroglial
microbiological stalking and/or the solution of a conundrum? Cell Mol

44,

45.

Soufli I, Toumi R, Rafa H, Touil-Boukoffa C. Overview of cytokines
and nitric oxide involvement in immuno-pathogenesis of inflamma-
tory bowel diseases. World J Gastrointest Pharmacol Ther. 201657
(3):353. doi:10.4292/wjgpt.v7.i3.353

Bassotti G, Villanacci V, Antonelli E, Morelli A, Salerni B.
Enteric glial cells: new players in gastrointestinal motility? Lab
Investig. 2007;87(7):628—632. doi:10.1038/labinvest.3700564

Life Sci. 2018;75(7):1145-1149. doi:10.1007/s00018-017-2736-1 46. Grubisi¢ V, Gulbransen BD. Enteric glia: the most alimentary of
29. Bassotti G, Marchegiani A, Marconi P, Fettucciari K. The cytotoxic all glia. J Physiol. 2017;595(2):557-570. doi:10.1113/JP271
synergy between Clostridioides difficile toxin B and proinflammatory 021
cytokines: an unholy alliance favoring the onset of Clostridioides ~ 47. Cabarrocas J, Savidge TC, Liblau RS. Role of enteric glial cells in
difficile infection and relapses. Microbiologyopen. 2020;9(8). inflammatory bowel disease. Glia. 2003;41(1):81-93. doi:10.1002/
doi:10.1002/mbo3.1061 glia. 10169
30. Bloomfield LE, Riley TV. Epidemiology and risk factors for  48. Bassotti G, Villanacci V, Nascimbeni R, et al. Enteric neuroglial
community-associated Clostridium difficile infection: a narrative apoptosis in inflammatory bowel diseases. J Crohn's Colitis. 2009;3
review. Infect Dis Ther. 2016;5(3):231-251. doi:10.1007/s40121- (4):264-270. doi:10.1016/j.crohns.2009.06.004
016-0117-y 49. Capoccia E, Cirillo C, Gigli S, et al. Enteric glia: a new player in
31. Rahier JF, Magro F, Abreu C, et al. Second European evidence-based inflammatory bowel diseases. Int J Immunopathol Pharmacol.
consensus on the prevention, diagnosis and management of opportu- 2015;28(4):443-451. doi:10.1177/0394632015599707
nistic infections in inflammatory bowel disease. J Crohn's Colitis. 50. Villanacci V, Bassotti G, Nascimbeni R, et al. Enteric nervous
2014;8(6):443-468. doi:10.1016/j.crohns.2013.12.013 system  abnormalities in  inflammatory  bowel  diseases.
32. Antonelli E, Baldoni M, Giovenali P, Villanacci V, Essatari M, Neurogastroenterol  Motil. 2008;20(9):1009-1016. doi:10.1111/
Bassotti G. Intestinal superinfections in patients with inflammatory j-1365-2982.2008.01146.x
bowel diseases. J Crohn's Colitis. 2012;6:154-159. doi:10.1016/j. 51. Kermarrec L, Durand T, Neunlist M, Naveilhan P, Neveu I. Enteric
crohns.2011.07.012 glial cells have specific immunosuppressive properties.
33. Chen XL, Deng J, Chen X, Wan SS, Wang Y, Cao Q. High incidence J Neuroimmunol. 2016;295-296:79-83. doi:10.1016/j.jneuroim.2016.
and morbidity of Clostridium difficile infection among hospitalized 04.011
patients with inflammatory bowel disease: a prospective observa- 52. Pochard C, Coquenlorge S, Freyssinet M, et al. The multiple faces of
tional cohort study. J Dig Dis. 2019;20(9):460-466. doi:10.1111/ inflammatory enteric glial cells: is crohn’s disease a gliopathy? Am
1751-2980.12798 J Physiol. 2018;315(1):G1-G11. doi:10.1152/ajpgi.00016.2018
34. Zhou F, Hamza T, Fleur AS, et al. Mice with inflammatory bowel 53. Fitzgibbon G, Mills KHG. The microbiota and immune-mediated
disease are susceptible to Clostridium difficile infection with severe diseases: opportunities for therapeutic intervention. Eur
disease outcomes. Inflamm Bowel Dis. 2018;24(3):573-582. J Immunol. 2020;50(3):326-337. doi:10.1002/ji.201948322
d0i:10.1093/ibd/izx059 54. Nitzan O, Elias M, Chazan B, Raz R, Saliba W. Clostridium difficile
35. Flegel WA, Muller F, Daubener W, Fischer HG, Hadding U, and inflammatory bowel disease: role in pathogenesis and implica-
Northoff H. Cytokine response by human monocytes to Clostridium tions in treatment. World J Gastroenterol. 2013;19(43):7577-7585.
difficile toxin A and toxin B. Infect Immun. 1991;59(10):3659-3666. doi:10.3748/wjg.v19.i43.7577
doi:10.1128/1ai.59.10.3659-3666.1991 55. Belkind-Gerson J, Graham HK, Reynolds J, et al. Colitis promotes
36. Abt MC, McKenney PT, Pamer EG. Clostridium difficile colitis: neuronal differentiation of Sox2+ and PLP1+ enteric cells. Sci Rep.
pathogenesis and host defence. Nat Rev Microbiol. 2016;14 2017;7(1). doi:10.1038/s41598-017-02890-y
(10):609-620. doi:10.1038/nrmicro.2016.108 56. Abhyankar MM, Ma JZ, Scully KW, et al. Immune profiling to
37. Wu X, Lai X, Tu H, Zou H, Cao J. Elevated serum CXCLI10 in predict outcome of Clostridioides difficile infection. MBio. 2020;11
patients with Clostridium difficile infection are associated with dis- (3). doi:10.1128/mBi0.00905-20
ease severity. Int Immunopharmacol. 2019;72:92-97. doi:10.1016/j. 57. Dieterle MG, Putler R, Perry DA, et al. Systemic inflammatory
intimp.2019.03.033 mediators are effective biomarkers for predicting adverse outcomes
38. Salas A, Hernandez-Rocha C, Duijvestein M, et al. JAK-STAT path- in Clostridioides difficile infection. MBio. 2020;11(3). doi:10.1128/
way targeting for the treatment of inflammatory bowel disease. Nat mBi0.00180-20
Rev Gastroenterol Hepatol. 2020;17(6):323-337. doi:10.1038/ 58. Koon HW, Wang J, Mussatto CC, et al. Fidaxomicin and OP-1118
s41575-020-0273-0 inhibit Clostridium difficile toxin A- and B-mediated inflammatory
39. Leppkes M, Neurath MF. Cytokines in inflammatory bowel diseases — responses via inhibition of NF-«xB activity. Antimicrob Agents
update 2020. Pharmacol Res. 2020;158:104835. doi:10.1016/]. Chemother. 2018;62(1). doi:10.1128/AAC.01513-17
phrs.2020.104835 59. Louie TJ, Miller MA, Mullane KM, et al. Fidaxomicin versus van-
40. Villanacci V, Cadei M, Lanzarotto F, et al. Localization of TNF alpha in comycin for Clostridium difficile infection. N Engl J Med.
ileocolonic biopsies of patients with inflammatory bowel disease. Ann 2011;364:422-431. doi:10.1056/nejmoa0910812
Diagn Pathol. 2019;38:20-25. doi:10.1016/j.anndiagpath.2018.10.011 60. Spiceland CM, Khanna S, Pardi DS. Outcomes with fidaxomicin
41. Pouillon L, Bossuyt P, Peyrin-Biroulet L. Considerations, challenges therapy in Clostridium difficile infection. J Clin Gastroenterol.
and future of anti-TNF therapy in treating inflammatory bowel 2018;52(2):151-154. doi:10.1097/MCG.0000000000000769
disease. Expert Opin Biol Ther. 2016;16(10):1277-1290. 61. Qiu H, Sun X, Sun M, He C, Li Z, Liu Z. Serum bacterial toxins
doi:10.1080/14712598.2016.1203897 are related to the progression of inflammatory bowel disease.
42. Gareb B, Otten AT, Frijlink HW, Dijkstra G, Kosterink JGW. Scand J  Gastroenterol.  2014;49(7):826-833.  doi:10.3109/
Review: local tumor necrosis factor-o inhibition in inflammatory 00365521.2014.919018
bowel disease. Pharmaceutics. 2020;12(6):1-31. doi:10.3390/ 62. Schneeweiss S, Korzenik J, Solomon DH, Canning C, Lee J,
pharmaceutics12060539 Bressler B. Infliximab and other immunomodulating drugs in patients
43. Strober W, Fuss 1J. Proinflammatory cytokines in the pathogenesis of with inflammatory bowel disease and the risk of serious bacterial
inflammatory bowel diseases. Gastroenterology. 2011;140(6):1756— infections. Aliment Pharmacol Ther. 2009;30:253-264. doi:10.1111/
1767.el. doi:10.1053/j.gastr0.2011.02.016 j-1365-2036.2009.04037.x
7452 https: Journal of Inflammation Research 2021:14

Dove!


https://doi.org/10.1016/j.bbamcr.2018.10.007
https://doi.org/10.1007/s00018-017-2736-1
https://doi.org/10.1002/mbo3.1061
https://doi.org/10.1007/s40121-016-0117-y
https://doi.org/10.1007/s40121-016-0117-y
https://doi.org/10.1016/j.crohns.2013.12.013
https://doi.org/10.1016/j.crohns.2011.07.012
https://doi.org/10.1016/j.crohns.2011.07.012
https://doi.org/10.1111/1751-2980.12798
https://doi.org/10.1111/1751-2980.12798
https://doi.org/10.1093/ibd/izx059
https://doi.org/10.1128/iai.59.10.3659-3666.1991
https://doi.org/10.1038/nrmicro.2016.108
https://doi.org/10.1016/j.intimp.2019.03.033
https://doi.org/10.1016/j.intimp.2019.03.033
https://doi.org/10.1038/s41575-020-0273-0
https://doi.org/10.1038/s41575-020-0273-0
https://doi.org/10.1016/j.phrs.2020.104835
https://doi.org/10.1016/j.phrs.2020.104835
https://doi.org/10.1016/j.anndiagpath.2018.10.011
https://doi.org/10.1080/14712598.2016.1203897
https://doi.org/10.3390/pharmaceutics12060539
https://doi.org/10.3390/pharmaceutics12060539
https://doi.org/10.1053/j.gastro.2011.02.016
https://doi.org/10.4292/wjgpt.v7.i3.353
https://doi.org/10.1038/labinvest.3700564
https://doi.org/10.1113/JP271021
https://doi.org/10.1113/JP271021
https://doi.org/10.1002/glia.10169
https://doi.org/10.1002/glia.10169
https://doi.org/10.1016/j.crohns.2009.06.004
https://doi.org/10.1177/0394632015599707
https://doi.org/10.1111/j.1365-2982.2008.01146.x
https://doi.org/10.1111/j.1365-2982.2008.01146.x
https://doi.org/10.1016/j.jneuroim.2016.04.011
https://doi.org/10.1016/j.jneuroim.2016.04.011
https://doi.org/10.1152/ajpgi.00016.2018
https://doi.org/10.1002/eji.201948322
https://doi.org/10.3748/wjg.v19.i43.7577
https://doi.org/10.1038/s41598-017-02890-y
https://doi.org/10.1128/mBio.00905-20
https://doi.org/10.1128/mBio.00180-20
https://doi.org/10.1128/mBio.00180-20
https://doi.org/10.1128/AAC.01513-17
https://doi.org/10.1056/nejmoa0910812
https://doi.org/10.1097/MCG.0000000000000769
https://doi.org/10.3109/00365521.2014.919018
https://doi.org/10.3109/00365521.2014.919018
https://doi.org/10.1111/j.1365-2036.2009.04037.x
https://doi.org/10.1111/j.1365-2036.2009.04037.x
https://www.dovepress.com
https://www.dovepress.com

Dove Bassotti et al

63. Ananthakrishnan AN, Oxford EC, Nguyen DD, Sauk J, Yajnik V, 65. Gholam-Mostafaei FS, Yadegar A, Aghdaei HA, Azimirad M,

Xavier RJ. Genetic risk factors for Clostridium difficile infection in Daryani NE, Zali MR. Anti-TNF containing regimens may be asso-
ulcerative colitis. Aliment Pharmacol Ther. 2013;38(5):522-530. ciated with increased risk of Clostridioides difficile infection in
doi:10.1111/apt.12425 patients with underlying inflammatory bowel disease. Curr Res
64. Mazzuoli S, Guglielmi FW, Antonelli E, Salemme M, Bassotti G, Transl Med. 2020;68:125-130. doi:10.1016/j.retram.2020.03.002
Villanacci V. Definition and evaluation of mucosal healing in clinical 66. Seicean A, Moldovan-Pop A, Seicean R. Ulcerative colitis worsened after
practice. Dig Liver Dis. 2013;45(12):969-977. doi:10.1016/]. Clostridium  difficile  infection: efficacy of infliximab. World
dld.2013.06.010 J Gastroenterol. 2014;20(17):5135-5140. doi:10.3748/wjg.v20.i17.5135
Journal of Inflammation Research Dove

Publish your work in this journal

The Journal of Inflammation Research is an international, peer-  mechanisms; pharmacology and novel anti-inflammatory drugs; clin-
reviewed open-access journal that welcomes laboratory and clinical ~ ical conditions involving inflammation. The manuscript management
findings on the molecular basis, cell biology and pharmacology of  system is completely online and includes a very quick and fair peer-
inflammation including original research, reviews, symposium  review system. Visit http://www.dovepress.com/testimonials.php to
reports, hypothesis formation and commentaries on: acute/chronic  read real quotes from published authors.

inflammation; mediators of inflammation; cellular processes; molecular

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

Journal of Inflammation Research 2021:14 n o in u Dove 7453


https://doi.org/10.1111/apt.12425
https://doi.org/10.1016/j.dld.2013.06.010
https://doi.org/10.1016/j.dld.2013.06.010
https://doi.org/10.1016/j.retram.2020.03.002
https://doi.org/10.3748/wjg.v20.i17.5135
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	The Key Role of Proinflammatory Cytokines During CDI on the Enteric Glial Cell (EGC) Network: AWorking Hypothesis
	Targeting Cytokines: ANew Road to Fight CDI in IBD?
	Conclusion
	Abbreviations
	Author Contributions
	Funding
	Disclosure
	References

