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Abstract

The etiology of digestive pathologies such as irritable
bowel syndrome (IBS), inflammatory bowel diseases
(IBD) and cancer is not yet fully understood. In recent
years, several studies have evidenced circadian variations
in mechanisms involved in digestive health. In situations
of disturbed circadian rhythms (chronodisruption) where
the central clock and the peripheral clocks receive in-
coherent signals, the synchronicity is lost producing
implications for health. This lack of coordination could
alter the tissue function and cause long term damage to
the organs. Life habits such as sleep, physical exercise,
social interaction, and feeding times are determinants
for stability and integrity of circadian rhythms. In recent
years, experimental and clinical studies have consistently
evidenced that the alteration of circadian rhythms is
associated with the development of digestive pathologies
mainly linked to dismotility or changes in microbiota
composition. Likewise, it seems reasonable to deep into
the importance of chronodisruption as a factor that may
participate in the development of pathologies such as IBS,
IBD and digestive cancers. Moreover, life habits respecting
circadian rhythms should be promoted for the prevention
of these diseases. Further studies will allow us a better
understanding of the mechanisms acting at molecular
level, and the development of new therapeutic targets.
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Core tip: Chronodisruption, or circadian rhythm dis-
ruption, has been associated with impairments in meta-
bolic functions and organ physiology. In this review
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we focus on the link between circadian rhythms and
digestive pathologies such as irritable bowel syndrome,
inflammatory bowel diseases and cancers of the digestive
tract. The purpose of this review is to highlight what is
known about the negative impact of chronodisruption
on pathogenesis of these digestive diseases and provide
reasons for future research.

Codofier-Franch P, Gombert M. Circadian rhythms in the
pathogenesis of gastrointestinal diseases. World J Gastroenterol
2018; 24(38): 4297-4303 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i38/4297.htm DOI: http://dx.doi.
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INTRODUCTION

Light and dark cycles of 24 h, which are due to rotation
of the earth, serve as the dominant environmental factor
affecting living organisms. Temporal organization within
an organism is critical for maintenance of homeostasis
as well as adaptation to changing external conditions.
The term «circadian rhythms» describes endogenously
generated rhythms that occur approximately every 24 h
and play a fundamental role in the survival and evolution
of life by ensuring that an organism’s internal physiology
remains synchronized with the external environment.

In mammals, several mechanisms contribute to cir-
cadian variations. While the suprachiasmatic nucleus in
the hypothalamus is the master circadian pacemaker,
most tissues, including other brain regions and different
organs, harbor self-sustained cellular circadian clocks.
The suprachiasmatic nucleus is aligned with the light-
dark cycle via the retina; this serves as the primary
stimulus for melatonin production in the pineal gland™
and coordinates all other oscillators throughout the body
with external time by binding to melatonin receptors in
the organst?. At the molecular level, circadian rhythms
emerge from Circadian Locomotor Output Cycles Pro-
tein Kaput (Clock) genes and proteins, comprising a
network of interconnected autoregulatory transcriptional-
translational molecular clocks present in virtually every
cell of the body. These “clock genes” form a regulation
loop with a period lasting approximately twenty-four
hours. By regulating the expression of other genes
coding for proteins, enzymes and factors related to meta-
bolic homeostasis, the clock genes cooperate to induce
circadian variations all over the organism'!. Circadian
clocks are self-sustained and intrinsic, but their rhythm
can be entrained by environmental signals, called “Zeit-
geber” (timing cue), including light, temperature, and
quality of lifestyle habits, such as sleep, physical exercise,
social interaction, and very importantly, feeding timest®.
A lack of coordination of these elements leads to desyn-
chronization of the circadian rhythms and impacts health.

In the digestive tract, a broad range of vital functions
and mechanisms display circadian variations. In the

Baishidenge ~ WJG | www.wjgnet.com

gut, circadian clocks could regulate digestive physiology
and maintain intestinal barrier function. For example,
in the mouth, the volume of saliva produced is more
important during the day than the night™. In association,
mouth microbiota composition and diversity varies and
is influenced by meal times™. Further, there is evidence
of circadian rhythms in the peristalsis of the digestive
tube. Thus, gastric emptying rates are longer in the
evening than in the morning, nocturnal propagation
velocities of the migrating motor complex are slower,
and colonic motor activity is minimal during sleep™.
The gastrointestinal tract is the most important source
of the chemicals melatonin and serotonin outside the
central nervous system. Both of these chemicals play an
important role in gastrointestinal motility. Furthermore,
melatonin plays a major role in the synchronization
of central and peripheral oscillators allowing the adap-
tation of the internal milieu to external environment.
Recently, the role of melatonin in the host-microbiota
communication within the gut has been emphasized™?..
Both permeability of the digestive tract’*!! and the
secretion of mucus and digestive enzymes™™ are different
at nighttime. Moreover, immune parameters ensuring
digestive health follow a 24-h period. Recent studies
highlight circadian regulation of innate and adaptive gut
immunity™. These daily changes are reflected in the gut
microbiota diversity and composition™. Gastrointestinal
ecosystem has a diurnal variation according to the state
of food/fasting and the time of day. But the microbiota
also impacts the host circadian rhythms™. A change
in the diet can rapidly shift the composition of the gut
microbiome that in turn might be responsible for the
reprogramming of circadian rhythmicity™*'”.

Circadian regulation also plays a large role in liver
metabolism, as maintenance of plasma glucose, regu-
lation of lipids, including triglycerides, cholesterol and free
fatty acids follow circadian rhythms. Bile acids are also
under circadian regulation to synchronize with periods of
feeding and fasting"'®.

It should be highlighted the specificity in the response
of distinct peripheral clocks to food challenges'®. Diet
macronutrient variations (high-fat diet, ketogenic diet)
trigger differential effects on liver and intestine clocks.

Altogether, these parameters contribute to digestive
health, and their dysfunction is related to several patho-
logies. Given their association with circadian rhythms,
it is logical to suspect that chronodisruption may play a
part in gastrointestinal diseases pathogenesis (Figure 1).

In this editorial, we focus on the link between cir-
cadian rhythms and three types of pathologies: irritable
bowel syndrome (IBS), inflammatory bowel disease (IBD)
and cancer.

IBS

IBS is a functional gastrointestinal disorder diagnosed
clinically and affecting approximately 11% of the
population. Patients suffer abdominal pain and altered
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Figure 1 Numerous mechanisms involved in gastrointestinal homeostasis display daily rhythms. For example, saliva production, mouth microbiota diversity,
digestive tube peristalsis, gastric emptying rate, intestinal epithelial permeability, mucus and antimicrobial peptides secretion, digestive enzymes expression, immune
reaction and gut microbiota diversity. Night shift work, light at night, late evening food, late sleep or late physical exercise, as well as irregular meal schedules and jet
lag, have been shown to affect the coherence/synchronization of internal circadian rhythms with the environment, affecting the homeostatic rhythms of digestive health
parameters. This sequence favors the development of gastrointestinal pathologies such as irritable bowel syndrome, inflammatory bowel diseases, and cancers of the

digestive tract.

bowel habits®”. The causes and mechanistic basis of
this disease are not fully understood. Currently, IBS is
considered a multifactorial disease that implies visceral
hypersensitivity, an alteration in the relationship between
the enteric nervous system and the central nervous
system, a modification of the gut microflora, increased
intestinal permeability and probably minimal intestinal
inflammation. Several studies suggest that circadian
rhythms play a role in the development and severity of
IBS.

Human studies have demonstrated that lifestyle
factors, such as disturbed sleep and working the night
shift, are associated with a higher prevalence of IBS™*%%,
Consistent with this observation, significantly altered
melatonin excretion was detected in the urine of women
with IBS®%. According to the hypothesis that circadian
rhythm disruption directly impacts motility, melatonin
could be potentially useful in IBS, especially for pain
symptoms and bowel motility in constipation-predominant
IBS. Some evidence supports the hypothesis that me-
latonin is involved in the modulation of pain and has
analgesic effects; patients displayed an improvement in
symptoms with melatonin supplementation'*?®!, How-
ever, the high rate of placebo effect observed in patients
with IBS means that therapeutic uses of melatonin
for pain need further investigation. In another study,
IBS patients experienced a decrease in abdominal
pain duration and distension intensity, along with an
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increase in rectal distension pain threshold, with probiotic
supplementation (VSL3#). Such improvement occurred
in parallel with modulation of melatonin profiles, with
patients showing increased morning melatonin levels with
VSL#3 treatment. It is possible that probiotic treatment
regulates melatonin, leading to an improvement in
symptoms#”,

Sleep impairment is not the only risk factor for
impaired circadian rhythms. Alimentation schedules
participate actively in circadian variations by mobilizing
the mechanisms involved in digestion at different
times of the day. Many hormones oscillate in a daily
fashion in the anticipation of feeding, including ghrelin,
leptin, corticosterone, insulin, glucagon, and glucagon-
like peptide-1, suggesting the circadian rhythm plays
an important role in the regulation of metabolic pro-
cessing of food. IBS has been associated with habits
such as snacking between main meals™ and eating
irregularly™. Beyond IBS, disturbed sleep is associated
with fewer meals per day and more frequent snacking.
Future studies should investigate the benefits of eating
and sleeping at fixed hours on the symptoms of IBS.

IBD

IBD comprises both ulcerative colitis (UC), which is
characterized by continuous damage located in the colon,
and Crohn’s disease (CD), which is characterized by dis-
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continuous alterations that can be located anywhere in
the digestive tract, from the mouth to the anus. IBD is
typically diagnosed at a young age (20-30 years old),
has a relapsing and remitting disease course, and has
no known cure. This combination of factors leads to a
significant healthcare burden.

Genetics, immune responses and environment have
been considered as the major etiologic factors of IBD.
Available evidence suggests that both deregulated in-
nate and adaptive immune pathways contribute to the
aberrant intestinal inflammatory response in patients
with IBD. There are multiple aspects of immune func-
tion that are under circadian control, such as host-pa-
thogen interactions, trafficking of leukocytes, and the
activation of innate and adaptive immunity™®. Among
the environmental risk factors, dietary elements have
received considerable attention, particularly with the
spread of the “Western” diet, which is high in fat and
protein but low in fruit and vegetables. The hypothesis
that dietary factors influence gut inflammation may be
explained through several biological mechanisms, in-
cluding antigen presentation, change in prostaglandin
balance, and alteration of the microflora. Emerging
evidence suggests that sleep also plays an important
role, as circadian rhythms and melatonin could act as
regulators of inflammation in the gastrointestinal tract.
With prolonged sleep loss, there are elevations in mono-
cytes and natural killer cells which form the source
for the secretion of inflammatory cytokines™". Thus,
disturbed sleep and chronic inflammation in IBD could
form a self-perpetuating feedback loop, with the chronic
inflammation of IBD worsening sleep and decreased
sleep exacerbating the production of inflammatory cy-
tokines and the inflammatory milieu. In mice, it has
been demonstrated that functional circadian rhythms
are necessary to maintain the enteric epithelial barrier.
Impairment of circadian rhythms by genetic mutation of
the clock genes that control circadian rhythms, including
the 3 Period genes (Per1-3), or desynchronization of
environmental signals result in more severe colitis,
epithelial homeostasis alteration, increase of necrosis
and diminution of secretory cells®”. Recent studies have
found an alteration in the expression of circadian genes
in patients with IBD. Almost all circadian genes were
reduced in both intestinal biopsies and peripheral blood
mononuclear cells and showed a negative correlation
with activity score. Furthermore, greater sensitivity to
inflammatory damage and exacerbation of colitis were
seen in mice who went through a phase shift in the
light-dark cycle, resulting in increased secretion of pro-
inflammatory cytokines and activation of inflammatory-
related signaling pathways™>.

In recent years, several studies have linked IBD to
intestinal dysbiosis. Likewise, there is evidence of the
induction of a modification of the microbiota produced for
chronodisruption. Thus, the alteration of the microbiota
can be one of the mechanisms by which circadian rhy-
thms disruption favors IBD development™>".,

Several human studies support the hypothesis that
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IBD is associated with circadian rhythms. In a prospective
study of women who were enrolled in the Nurses’ Health
Study T and TI, the association between sleep duration
an incidence of CD and UC was examined. The authors
found that both short sleep duration (less than 6 h) or
long sleep duration (more than 9 h) were associated with
an increased risk of UC but not with CD™.,

At the genetic level, the influence of the rs2797685
variant of the clock gene Per3 on susceptibility and be-
havior of IBD has been suggested. Allele and genotype
frequencies of rs2797685 were significantly increased
in both CD and UC patients. Moreover, the rs2797685
variant of the Per3 gene is associated with both early
onset and more aggressive forms of CD, highlighted
by increased use of immunosuppressants and more
frequent stricturing and fistulizing disease requiring sur-
gery[36].

Several studies have assessed genes associated with
circadian rhythms in IBD patients. By genome-wide cDNA
microarray analysis, the transcriptome of endoscopic
mucosal biopsies of patients with IBD) were analyzed,
focusing on the expression of circadian genes in CD
and UC. Damaged tissue and adjacent healthy tissue
were compared. This study revealed an alteration in the
expression of 50 genes associated with circadian rhythms
in IBD damaged tissues when compared to adjacent
tissues. Some of these genetic alterations were different
between UC and CD patients. In CD specimens, the core
clock genes ARNTL2 and RORA were up-regulated, while
CSNK2B, NPAS2, Perl and Per3 were down-regulated.
Conversely, in UC patients, ARNTL2, CRY1, CSNKIE,
RORA and TIPIN were up-regulated, while NR1D2 and
Per3 were down-regulated™!. Consistent with these
findings, another study demonstrated a decrease in the
expression of clock genes in the biopsies of damaged
tissue in IBD patients compared to healthy controls.
Interestingly, this decrease was more important in UC
patients than in CD patients. The reduced clock genes
expression was not only evidenced in intestinal biopsies
but also in circulating mononucleated cells™*.

Taken together, these results suggest that genes
associated with circadian rhythms are implicated in the
physiopathology of IBD.

DIGESTIVE CANCERS

In recent decades, the number of digestive cancers has
increased worldwide. Although digestive cancer is a
multifactorial disease, the marked geographic variation,
time trends, and migratory effects on cancer incidence
suggest that environmental or lifestyle factors are major
contributors to the etiology of this disease. Recently,
the alteration of circadian rhythms has emerged as
a suspected factor in this increase. Indeed, several
studies have associated night shift work and induced
chronodisruption with colorectal® and stomach can-
cer®!, However, other studies failed to demonstrate
this association*”. Another study demonstrated a link
between circadian variations, measured with wrist
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temperature variation, and colorectal cancer survival™*".

Thus, circadian rhythms are associated to prognostic
factors.

The alteration of the microbiota that occurs with
circadian rhythms disruption has been hypothesized
as one of the causes of colorectal cancer. In mice,
abnormal microbial community structure was found to be
associated with inflammation and tumorigenesis in the
colon™,

It has been shown that in the colon cellular proli-
feration follows a circadian rhythm®, At some points of
the cell cycle, the DNA is less protected and therefore
more susceptible to damage. Thus, circadian variation
of cell proliferation timing in the colon could limit DNA
exposure to potential mutagen agents during digestion,
serving as a protective factor. Furthermore, the low
expression levels of the mitotic and anti-apoptotic gene
Birc5/survivin significantly and specifically increased the
sensitivity of colon epithelial cells to cyclin-dependent
kinase inhibitors. This dynamic establishes a link between
cell cycle, circadian rhythms and cellular sensitivity to
cyclin-dependent kinase inhibitors, making this gene a
potential target in anti-cancer treatment™*?!,

In patients affected by colorectal cancer, cancerous
cells show a differential expression of clock genes such
as Clock and Per when compared to healthy cells in the
same patient***®, suggesting that clock genes may be
interesting biomarkers in colorectal cancer™*®. Other clock
genes, namely, Clock and Bmall, have been shown to
interfere with the cell cycle. They are over-expressed
in human colorectal cancer cells and can suppress cell
growth. Moreover, clock genes may suppress CyclinD1
expression, inhibiting the cell cycle between phases G1
and S™”. Clock genes have also been shown to modulate
the expression of the rat sarcoma viral oncogene (RAS)™.
Alteration in clock genes expression could play a role in
these respective pathways during the development of
cancers and affect resistance to treatment.

It has been observed that tumor markers in the
blood of colon cancer patients display different circadian
variations, according to the stage of cancer (from I to
V), The expression of clock genes have been ana-
lyzed in metastases cells of colon cancer stage IV, and
are disrupted in comparison to the expression of the
same genes in healthy cells™. Following these findings,
alterations were found in clock gene expression in
the organs (kidney and liver) where colorectal cancer
metastases had developed™. The possibility that tumors
may modify peripheral clocks and induce variations from
ordinary circadian rhythms in nearby cells suggests puta-
tive systemic participation in the chronodisruption. This
phenomenon may explain the development of fatigue
and weakness characteristically felt by cancer patients.

All of these genetic mechanisms are currently
being investigated to determine the best way to
treat cancers by taking circadian variations into consi-
deration. Interesting associations between clock genes
polymorphisms and colorectal cancer severity have been
found™; in gastric cancer, survival prognosis is asso-
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ciated with the version of the allele of the clock gene™.

Finally, several authors suggest using the analysis of
clock genes polymorphisms to predict the response to
chemotherapy™*.

CONCLUSION

In conclusion, the parameters implicated in digestive
health display circadian variations. In recent decades,
there has been an increase in lifestyle habits that
interfere with circadian rhythms and often induce chrono-
disruption. When these internal clocks receive incoherent
signals, they lose synchronization, and the mechanisms
that they control are affected. This phenomenon likely
plays an important role in the development of pathologies
such as IBS, IBD and cancers. Strong evidence of the
connection between circadian rhythm impairment and
digestive pathologies have been published; however,
additional studies are necessary to understand the
molecular mechanisms involved.

The insights from the studies of circadian oscil-
lations of innate and adaptive gut immunity joint to the
host-microbial interactions may incorporate the chro-
nopharmacology to increase the effectiveness of the
agents used to modulate the immune responseg, i.e., to
indicate the time-of-day-specific for the administration
of antimicrobial and antiinflammatory therapy. Likewise,
the potential benefits of melatonin as a co-adjuvant
treatment in gastrointestinal diseases, especially IBS and
IBD should be explored. These considerations open novel
perspectives in preventive and therapeutic applications of
chronobiology.
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