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Abstract

Vitamin D is an important factor in regulating inflammation, immune responses, and carcinoma
inhibition via action of its receptor, vitamin D receptor (VDR). Recent studies have demonstrated
the role of vitamin D/VDR in regulating host-bacterial interactions. Probiotics are beneficial
bacteria with the power of supporting or favoring life on the host. In the current review, we will
discuss the recent progress on the roles of vitamin D/VDR in gut microbiome and inflammation.
We will summarize evidence of probiotics in modulating vitamin D/VDR and balancing gut
microbiota in health and gastrointestinal diseases. Moreover, we will review the clinical
application of probiotics in prevention and therapy of IBD or colon cancer. Despite of the gains,
there remain several barriers to advocate broad use of probiotics in clinical therapy. We will also
discuss the limits and future direction in scientific understanding of probiotics, vitamin D/VDR,
and host responses.
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1. Introduction

Probiatics are ingestible nonpathogenic living microorganisms, and when consumed in
adequate amounts as food components, confer some beneficial effects to the host by
inhibiting or treating diseases, according to the World Health Organization []. Recent
laboratory studies and clinical trials have shown the potential health benefits of probiotics in
treating various human diseasesl?=4l. In this review, we focus on the recent progress on the
mechanisms of probiotics actions that modulate vitamin D and VDR in inflammatory
response and development of human diseases, such as inflammatory bowel diseases (IBD),
colon cancer, gastritis, and liver diseases. We summarize etiologic and clinical evidence of
probiotic in modulating vitamin D/VDR and balancing gut microbiota. The limits and future
direction in studying probiotics and vitamin D/VDR are also discussed.
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D and VDR

Vitamin D is converted to the dihydroxylated derivative, 1,25-dihydroxyvitamin D3
[1,25(0H),D3] by successive hydroxylations in the liver and kidney. The active form of
vitamin D exerts an important role in modulating both mucosal immunity and normal growth
of epithelial cells [5. VDR, as a member of the nuclear receptor superfamily, mediates the
biological activity of 1,25(OH),D5 [®]. The vitamin D-VDR endocrine system has been
identified in nearly all nucleated cells []. VDR can regulate a variety of illnesses in
intestine, kidney, bone, skin, heart, and various other organs. For example, loss of VDR
specifically in the mammary epithelium significantly inhibits pubertal mammary gland
development [8]. Deficiency of VDR in mouse lungs leads to an early onset of COPD/
emphysema associated with chronic inflammation response, immune dysregulation, and
lung destruction [°1. VDR activation protects against myocardial ischemia/reperfusion injury,
via reducing oxidative stress and inhibiting cardiomyocyte apoptotic and autophagic
pathways [10],

Vitamin D is associated with the severity of intestinal injury of colitis models (1], Viitamin D
deficiency is common in IBD patients [12]. For patient with Crohn’s disease, vitamin D
deficiency has been recognized as an environmental risk factor since the early 80s [131,
Patients with vitamin D deficiency displayed increased UC clinical disease severity and a
lower quality of life (QOL) in a cohort of patients with IBD [14: 151 After supplementation
with recommended doses of vitamin D and reserving saturation of 1,25(0OH) D3, the serum
concentration of vitamin D and health related quality of life can be improved [16. 171,
However, more recently, a study showed that daily supplementation with 1000 1U of vitamin
D3, 1200 mg of calcium, or both did not significantly reduce the risk of recurrence of
colorectal adenomas after its removal over a period of 3 to 5 years [18],

A variety of factors may reduce vitamin D absorption, including limited exposure to
sunlight, dark skin, obesity, and problems with absorption or the ability to convert vitamin D
to its active form. Given the various immune-modulatory properties of vitamin D, vitamin D
deficiency increases the risk of various gastrointestinal diseases, It is likely that deficient
levels lead to intestinal barrier dysfunction [12], mucosal damage 191, and susceptibility to
infectious agents, thus affecting the development and maintenance of gut homeostasis [20].
1,25(0OH),D3 and VDR may maintain integrity of junction complexes and protect the
intestine from injury [21.22],

D/VDR regulation of gut microbiome

1,25(0OH),D3 has been reported to induce expression of the antimicrobial peptide gene
cathelicidin [23] and B2-defensins [24] in colon cancer cell lines, bone marrow-derived
macrophages and fresh bone marrow cells. Oral 1,25(0OH),D3 supplementation has an effect
on the human gut microbiome of the upper Gl tract, which displays a reduction in
opportunistic pathogens and an increase in bacterial richness [2°].

Vitamin D status is associated with the composition and function of the intestinal
microbiome [26]. 1,25(OH), D5 treatment shifts the composition of the gut bacterial
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microflora and protects against experimental IBD [271. Vitamin D and VDR regulate the
innate immune response to the microbiome. They control the microbiota dysbiosis, maintain
tolerance in the gut and protect the vitamin D-deficient host from IBD symptoms [28],

Our recent data show that VDR status regulates the composition and functions of the
bacterial community in the intestine. We investigated fecal and cecal stool samples from
whole-body VDR knockout (VDR™") and wild-type (WT) mice, aiming to profile the
intestinal microbiome of animals with different VDR status. In the VDR™~ mice,
Lactobacillus was depleted in the fecal stool, whereas Clostridium and Bacteroides were
enriched [29]. Our recent Gutpaper has demonstrated that intestinal epithelial VDR
conditional knockout (VDRAIEC) |eads to dysbiosis [3% and susceptibility to chemical injury
induced by dextran sulfate sodium (DSS). Deletion of VDR can increase bacterial loads and
induce dysbiosis (increased £. coliand Bacteroides and decreased butyrate-producing
bacteria), thus developing a severe DSS-induced colitis. We have also demonstrated that
intestinal epithelial VDR plays a fundamental role in intestinal and microbial homeostasis
through its actions on the autophagy gene A7G16L 131, Further, Our recent study [32] in
Nature Genetics has demonstrated that human VDR is a key host factor to shape gut
microbiome. We observe significant shifts in the microbiota of VDR ™~ mice and
correlations between the microbiota and serum measurements of selected human bile- and
fatty acids [32]. Insights from microbiome and vitamin D/VDR studies can be exploited to
develop novel strategies to treat or prevent various diseases by restoring VDR function and
healthy microbe-host interactions.

4. Probiotics in Gl health and digestive diseases

Probiotics are known to improve the balance of intestinal microbiota by regulating microbial
components and metabolites [2. They may stimulate the immune system, balance
commensal and pathogenic bacteria to decrease the incidence of infections, reduce
symptoms, restore homeostasis, and modify toxic compounds and host products. Recent
trials using Lactobacillus rhamnosus GR-1 pretreatment demonstrated counteraction in the
E. coli-induced production of various cytokines and chemokines in ameliorating
inflammation and cell damage [33]. Zhang et al [34] demonstrated that pre-treatment with L.
rhamnosus suppressed apoptosis of intestinal epithelia cells, which is consistent with the
study in which Lactobacillus rhamnosus GG prevents cytokine-induced apoptosis in
intestinal epithelial cell models [35]. Strains of Lactobacilli inhibit growth of lots of Gram-
negative pathogenic bacteria solely by promoting the production of acetic, lactic, and
propionic acid that decrease the local pH [36].

Oral administration of probiotics, alone or with prebiotics, may modulate colonic microbiota
and maintain the intestinal environmental homeostasis, and prevent the host from
preneoplastic or neoplastic lesions. Similarly, other studies have also found probiotics
reducing the risk of initiation of cancer in the early-stage [37-3% but not after the
carcinogen. However, in one study probiotics administration was associated with the
occurrence of CRC and of precursor lesions [40].
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Probiatics, such as Lactobacillus, Bifidobacterium, and Saccharomyces, are commonly used
as an alternative approach to prevent and treat severe intestinal inflammatory disorders.
Lactobacillus GG (LGG) and Saccharomyces boulardii are two well-studied probiotic
strains in the prevention of antibiotic-associated diarrhea (AAD) in adult patients and
children [41. 421 Mixed probiotic strains VSL#3 was used in in the treatment of active UC
and irritable bowel disease [43]. \VSL#3 treated UC patients displayed a combined induction
with either remission or a response rate of 77 2 [44]. After VSL#3 was used to patients with
diarrhea-predominant IBS, the bloating symptom was relieved, but not colonic transit [45].
Administration of VSL#3 in IBS with bloating patients resulted in reduced flatulence and
increased colonic transit time. A randomized, placebo-controlled trial valuing effect of
Lactobacillus GG on antibiotic-associated diarrhea [46] showed that oral administration of
LGG had a protective effect on the development of AAD. Participants receiving intravenous
antibiotics in the study displayed serious infection. It is speculated that LGG therapy does
not benefit individuals with severe infections. Lactobacillus GG does not influence AAD-
induced diarrhea.

Not all the probiotics are the same. Various strains of probiotics could control microbiota,
reduce colitis symptoms, protect barrier integrity and inhibit the release of proinflammatory
cytokines [47] resulting in preventing or repairing gut damage and inflammatory responses
induced by pathogens [48]. However, the mechanisms behind these probiotics are
complicated.

The clinical efficacy and safety of probiotic on patients have long been a contentious issue.
There are potential adverse effects of probiotics. Thus, the accurate identification of
“normal” and “diseased” microbiota and understanding the specific mechanisms of actions
of individual probiotic strains are needed.

5. Molecular mechanisms of probiotics in Gl diseases

5.1. Probiotics in IBD

The molecular mechanisms of probiotics in prevention or treatment of Gl diseases include
immunomodulatory mechanisms, metabolite effects, and maintenance of intestinal
homeostasis [49]. The probiotic regulation of the proinflammatory nuclear factor kappa B
(NF-xB) pathway is well represented in literature [2]. Probiotic bacteria, L. reuteri® and
LGG 311 suppress TNF-a/ S. Typhimurium-induced IL-8 expression in intestinal epithelial
cells. This effect depends on the NF-xB signaling pathway. VSL#3 intervention in the
experimental IL-10 colitis mice upregulated PPAR, xenobiotic, and lipid signaling genes,
which are potential antagonists of the NF-xB inflammatory pathway[®2l. NF-xB pathway is
also involved in the probiotic role of £, faecalis in vitro and in vivo [53]. Interestingly, this
study also indicates the potential of probiotic bacterial £. faecalis in initiating pro-
inflammatory responses in the disease-susceptible host, but not in the normal healthy host.

Wu et a/ 51 shows Lactobacillus plantarum may maintain TEER, inhibit the reduction of TJ
proteins and reduce the expression of proinflammatory cytokines induced by ETEC K88 via
modulation of TLRs, NF-xB and MAPK pathways, thus improving epithelial barrier. Some
probiotic species appear to activate specific TLRs to influence the host cells [55. 561,
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Lactobacillus upregulated TLR2 expression in Caco-2 cells and the effect can be reversed by
treatment with OXPAPC, a TLR inhibitor [37). Shimazu er a/[58] showed that Lactobacillus
Jensenii TL2937 negatively regulated TLRs to reduce the expression of proinflammatory
cytokines and chemokines caused by ETEC or LPS challenge, thus mitigating damaging
immune response during ETEC infection.

Intestinal barrier dysfunction has been implicated in IBD. Studies have showed that
probiotics can possibly recover barrier integrity by altering tight-junctions expression of
IECs (summarized in Table 1).

Peroxisome proliferators activated receptor (PPAR)- y, a nuclear receptor, forms obligate
heterodimers with the retinoid X receptor (RXR) 391, Recent researches reveal that
activation of PPAR 1 is another mechanism of probiotic regulation of NF-xB transcriptional
activity in the nucleus [69). £ paracasei F19 can upregulate Fiaf expression in IECs through
the PPAR-a and PPAR-y dependent pathways [61]. Studies also reported that VSL#3
modulated gut microbial diversity and CLA production in the colon [62] and corrects the
inflammation-driven metabolic dysfunction [63] by targeting PPAR y to suppress colitis.
However, Lactobacillus rhamnosus CNCMI-4317 modulates Fiaf expression in IECs in a
PPAR-vy independent, but PPAR-a dependent manner.

1.1. Probiotics and colorectal cancer (CRC)

Colon tumorigenesis is the second largest cause of cancer death in western countries .
Epidemiological evidence points to the fact that environmental and genetic factors far
outweigh hereditary factors in the occurrence of CRC [64], Mutations in tumor-suppressor
genes such as Adenomatous polyposis coli (APC), B-catenin (cadherin-associated protein),
K-ras, and p53 induce the initiation of CRC [6]. In addition, intestinal microbiome can
affect colon cancer lesions [66]. Probiotics, as beneficial non-pathogenic lactic acid bacteria,
have been used as food or supplement in the prevention and treatment of CRC. /n vitro
studies show that probiotics Bacillus polyfermenticus SCD inhibited the growth of colon
cancer cells (671, Furthermore, in vivo study demonstrated that daily oral administration of
the microencapsulated Lactobacillus acidophilus significantly suppressed colon tumor
incidence/multiplicity and size in DMH-induced animal colon cancer model and increased
cellular apoptosis during the therapy [68]. However, in many clinical trials, effects of the
probiotics in suppressing CRC have been inconsistent. After 2—4 years consuming
Lactobacillus casei, it was observed that suppression of colorectal tumor growth in

patients [891 whereas Bifidobacterium longum has no influence [691. Jenab et a/[7% used
enzyme immunoassay to measure circulating vitamin D concentration (25-(OH)D) in 1248
cases of incident colorectal cancer. The results indicated a strong inverse dose-response
association between risk of colorectal cancer and levels of pre-diagnostic 25-(OH)D
concentration. It seems like that the effects of both probiotics and vitamin D/VDR in
colorectal cancer patients are not conclusive, e.g. as recently reviewed by Dou et al [71],
epidemiological studies have consistently demonstrated a strong inverse association of
plasma 25(0OH)D concentration with colorectal cancer incidence and mortality. However, the
effect of vitamin D intake on colorectal cancer prevention is controversial [72=74]. There has

Curr Med Chem. Author manuscript; available in PMC 2017 June 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shang and Sun

Page 6

been and continues to be considerable research into the evaluation of probiotics in clinical
treatment.

1.2. Probiotics and gastritis

After gastric damage, some tissues show oxidation phenomena. Probiotics have inhibitory
effects on gastric injury. Lactobacillus rhamnosus GG reduced ethanol-induced mucosal
lesion. The effect may be due to the significant increase of the basal mucosal prostaglandin
E2 level [73]. Suo et al [78] also demonstrated that Lactobacillus fermentum Suo, a new lactic
acid bacterial strain found in yak yoghourt, prevents HCI/Ethanol induced gastric injury via
its antioxidant effects. Probiotic B/F/CO cocktail inhibited the expression of cytokines and
chemokines to ameliorate H.pylori-induced gastritis [7].

1.3. Probiotics and liver disease

Bacterial overgrowth, intestinal barrier function impairment and an increased pathogen
toxicity are involved in the early phases of liver diseases, such as steatosis, steatohepatitis or
liver injury [78]. 1t is demonstrated that Lactobacillus casei Shirota (Lcs) protects mice from
NAFLD-induced liver steatosis through modulating the activation of PPAR -y and
attenuation of the TLR4 signaling cascade [791. Lactobacillus casei Zhang (LcZ) protected
host against endotoxin- and D-galactosamine-induced liver injury in rats. These effects are
associated with the antioxidative and anti-inflammatory functions in a TLR4-independent
mechanism [80]. Zheng et al [81] studied the relation of feeding probiotic £nterococcus
faecium with hepatic metabolism. Probiotics improved the metabolic efficiency of broiler
chickens and decreased inflammatory responses.

1.4. Probiotics in immune responses

Immune disorder is supposed to be one of the main pathogenic mechanisms of autoimmune
diseases, such as IBD [82] and rheumatoid arthritis (RA) [83]. Probiotics modulate the host-
pathogen interactions by effecting on the innate immune responses, which involve the TLR,
NF-xB, MAPK, and c-Jun NH2-terminal kinase (JNK) pathways. Supplementation of
probiotics, especially Lactobacillus and Bifidobacterium species, can recover host health by
excluding pathogens and modulating immune responses in IECs [84 851, Two independent
clinical trials have demonstrated that two probiotic strains (Bifidobacterium breve and
Bifidobacterium infantis 35624) could enhance the TGFp signaling and increase peripheral
Treg cells numbers [86. 871 In addition, Xie et a/assessed the expression levels of Th17 and
Treg immune response specific transcription factors ROR vy t and Foxp3 in Lactobacillus
plantarum NCU116 treated mice. Exposure to this strain led to increased immunity of
intestinal mucosa and regulated the Th17/Treg balance, which was owed to TLR pathway in
DCs [88]. Another aspect with regard to immunomodulation is that pretreatment with
probiotics may decrease various cytokines and chemokines production and induce anti-
inflammatory molecules, mainly through Th17/Treg, TLRs, or NF-xB signaling

pathways [89 901, probiotic Lactobacillus rhamnosus GR-1 ameliorated £. coliinduced
disruption of cellular structure and inflammation, partly by promoting TLR2 and NOD1
synergism and decreasing NLRP3 inflammasome activation [331.
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In summary, probiotics protect the host from tumor and inhibit inflammation responses
mainly in three mechanisms: (1) immune modulation, including the adhesion of probiotics to
host cells, the interferation of cellular metabolism and cytokine production and the
protection of tissue barrier integrity [911: (2) gut microbiome. As probiotics may induce
antimicrobial substance production, compete for limiting resources, prevent invasion and
protect the host against toxins, thus altering the profile and functions of the gut

microbiome [92]; and (3) the activity of genotoxin inhibition, involving in chronic
inflammation inhibition, DNA repair, mutagenic substance inactivation, reducing the levels
of carcinogenic compounds and binding to certain mycotoxins and cyanobacterial

toxins [93. 941,

2. Probiotic modulate vitamin D and VDR

Collected data from recent studies demonstrate that probiotic treatment could increase
vitamin D, VDR expression, and VDR activity in the host. Jones et al [%®] reported that oral
supplementation with bile salt hydrolase (BSH)-active L.reuteriNCIMB 30242 increases
levels of circulating 25(OH)D. Although it has long been known that the gastrointestinal
tract plays an active role in the absorption of vitamin D, these findings showed an orally
delivered probiotic strain improves vitamin D level.

A study using 1L10~/~ colitis mouse model has demonstrated an association between
probiotic VSL#3 and the nuclear receptor signaling pathway [2l. Pretreatment with the
probiotic VSL#3 can increase VDR and angiostatin expression, decrease alkaline
phosphatase to attenuate microscopic damage, and prevent development of carcinoma in a
rat model of cancer [96]. Mencarelli ef a/[°7] also tested the therapeutic potential of VSL#3
intervention in protecting against progress of steatohepatitis and atherosclerosis. VSL#3
conditioned medium intervention modulates the expression of nuclear receptors, such as
peroxisome proliferator-activated receptor- -y , Farnesoid-X-receptors and VDR, which
reverses insulin resistance and prevents development of steatohepatitis and atherosclerosis.

Our study has demonstrated that the probiotics LGG and Lactobacillus plantarum (LP)
increased VDR protein expression, VDR transcriptional activity, which leads to increase in
VDR target gene cathelicidin [98]. Probiotics protected the wild-type mice from Sa/monella-
induced colitis. However, probiotics had no effect of inhibiting Sa/monella-induced colitis in
VDR~ mice [2]. The VDR pathway is required for probiotic protection in colitis [%9]. The
beneficial effects of probiotics in inhibiting intestinal inflammation and bacterial infection
may depend on the VDR signaling pathway.

In conclusion, VDR plays a vital role in the effect of probiotic protection against
inflammation and infection. VDR deletion may abolish the protective role of

probiotics [2: 98-100] Restoring vitamin D/VDR signaling may enhance the host’s ability to
modulate inflammation in patient with IBD and CRC [22],

3. Conclusion, limits, and future Direction

Probiotic supplementation with specific strains of microbes might be beneficial in the
prevention of gastrointestinal disorders and other autoimmune illnesses. The mechanisms of
probiotic actions are involved in regulation of innate immune functions via TLRs, NF-xB,
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MAPK and secretion of anti- and pro-inflammatory molecules. Recent progress further
shows that vitamin D and its receptor VDR contribute to the protective process of probiotics.
It is now known that 1) Lactic acid bacteria were depleted in VDR KO intestine, 2) probiotic
LGG and LP treatments enhanced VDR expression, and 3) Probiotics protected from
Salmonella-colitis depending on the VDR signaling. Table 1 outlines representative
publications on the mechanisms of protective effects of probiotic on the host.

Previously, probiotics have been used in the treatment of IBD. However, the responses to
treatment and clinic outcomes are inconsistent [101-104] The clinical efficacy and safety of
probiotic on patients have long been a contentious issue. Although the side effects of
probiotics tend to be mild and digestive (such as gas or bloating), serious effects have been
seen in people, especially those with underlying health conditions. Our study 98] in
Salmonella-colitis model has also demonstrated that, in the mice without VDR expression,
probiotic treatment led to more severe infection. Our findings that probiotic function
depends on VDR status may provide an explanation for the inconsistent clinical response of
some patients with IBD. There are different groups with IBD: those with 1) dysfunctional
VDR signaling; 2) vitamin D deficiency; and 3) dysbiosis. However, the current usage of
probiotics is based on a generic, nonspecific approach. Thus, a more personalized approach
to the use of probiotics is needed. A personalized strategy is not only applied to IBD therapy,
but also to other diseases. The accurate identification of probiotics and understanding the
specific mechanisms of actions of individual probiotic strains are needed. Studies
demonstrate that specific probiotic strains exert specific effects in IBD therapy. Elucidating
how probiotics specifically regulate VDR signaling will advance our understanding of
bacterial-host interactions in IBD.

Strategies to restore VDR expression in inflamed mucosa may be important for preventing
and treating IBD and other illness. As dysregulation of bacterial-host interaction can result
in chronic inflammation, strategies to restore VDR expression in inflamed mucosa may be
important for the prevention and treatment of various diseases. There is still a long way to go
to identify the most suitable probiotics for the prevention and to develop more probiotics to
fight human illnesses.
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Abbreviations

AAD Antibiotic-associated diarrhea
APC Adenomatous polyposis coli
BSH Bile salt hydrolase

CLA Conjugated linoleic acid
CRC Colon cancer
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COPD Chronic obstructive pulmonary disease
DMH Dimethylhydrazine

DCs Dendrtic cells

DSS Dextran sodium sulfate

ERK Extracellular-signal-regulated kinase

HRQOL Health-related quality of life

IECs Intestinal epithelial cells
IBDs Inflammatory bowel diseases
JNK c-Jun NH2-terminal kinase
La Lactobacillus acidophilus

Lc Lactobacillus caser

Lcs Lactobacillus casef Shirota
Lcz Lactobacillus casef Zhang
LGG Lactobacillus rhamnosus GG
LP Lactobacillus plantarum
LAB Lactic Acid Bacteria

MI/R Myocardial ischemia/reperfusion

MAPK Mitogen-activated protein kinase

NLRP3 NOD-like receptor family member pyrin domain-containing protein 3
NF-kB Nuclear factor kappa B

PPAR-y Peroxisome proliferators activated receptor gamma

PPAR-a Peroxisome proliferators activated receptor alpha

RAS Renin-angiotensin system

RXR Retinoid X receptor

RA Rheumatoid arthritis

TEER Transepithelial electrical resistance
TJs tight-junctions

TNF Tumor necrosis factor

TLR Toll-like receptor

Curr Med Chem. Author manuscript; available in PMC 2017 June 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shang and Sun

References
1.

10

11.

12.

13.

Page 10
TNBS Trinitrobenzenesulfonic acid
uc Ulcerative colitis
VDR Vitamin D receptor

Gilliland SE, Morelli Lorenzo, Reid Gregor. Health and Nutritional Properties of Probiotics in Food
including Powder Milk with Live Lactic Acid Bacteria. Food and Agriculture Organization of the
United Nations, World Health Organization.

. 'Yoon SS, Sun J. Probiotics, nuclear receptor signaling, and anti-inflammatory pathways.

Gastroenterology research and practice. 2011; 2011:971938. [PubMed: 21808643]

. Elazab N, Mendy A, Gasana J, Vieira ER, Quizon A, Forno E. Probiotic administration in early life,

atopy, and asthma: a meta-analysis of clinical trials. Pediatrics. 2013; 132(3):e666—e676. [PubMed:
23958764]

. Indrio F, Di Mauro A, Riezzo G, Civardi E, Intini C, Corvaglia L, Ballardini E, Bisceglia M,

Cinquetti M, Brazzoduro E, Del Vecchio A, Tafuri S, Francavilla R. Prophylactic use of a probiotic
in the prevention of colic, regurgitation, and functional constipation: a randomized clinical trial.
JAMA Pediatr. 2014; 168(3):228-233. [PubMed: 24424513]

. Cross HS, Nittke T, Kallay E. Colonic vitamin D metabolism: implications for the pathogenesis of

inflammatory bowel disease and colorectal cancer. Mol Cell Endocrinol. 2011; 347(1-2):70-79.
[PubMed: 21801808]

. Li YC, Chen Y, Du J. Critical roles of intestinal epithelial vitamin D receptor signaling in

controlling gut mucosal inflammation. The Journal of steroid biochemistry and molecular biology.
2015; 148:179-183. [PubMed: 25603468]

. Bouillon R, Carmeliet G, Verlinden L, van Etten E, Verstuyf A, Luderer HF, Lieben L, Mathieu C,

Demay M. Vitamin D and human health: lessons from vitamin D receptor null mice. Endocr Rev.
2008; 29(6):726-776. [PubMed: 18694980]

. Johnson AL, Zinser GM, Waltz SE. Loss of vitamin D receptor signaling from the mammary

epithelium or adipose tissue alters pubertal glandular development. Am J Physiol Endocrinol Metab.
2014; 307(8):E674-E685. [PubMed: 25139050]

. Sundar IK, Hwang JW, Wu S, Sun J, Rahman I. Deletion of vitamin D receptor leads to premature

emphysema/COPD by increased matrix metalloproteinases and lymphoid aggregates formation.
Biochemical and biophysical research communications. 2011; 406(1):127-133. [PubMed:
21300024]

. Yao T, Ying X, Zhao Y, Yuan A, He Q, Tong H, Ding S, Liu J, Peng X, Gao E, Pu J, He B. Vitamin
D receptor activation protects against myocardial reperfusion injury through inhibition of
apoptosis and modulation of autophagy. Antioxidants & redox signaling. 2015; 22(8):633-650.
[PubMed: 25365634]

Assa A, Vong L, Pinnell LJ, Avitzur N, Johnson-Henry KC, Sherman PM. Vitamin D deficiency
promotes epithelial barrier dysfunction and intestinal inflammation. J Infect Dis. 2014; 210(8):
1296-1305. [PubMed: 24755435]

Ulitsky A, Ananthakrishnan AN, Naik A, Skaros S, Zadvornova Y, Binion DG, Issa M. Vitamin D
deficiency in patients with inflammatory bowel disease: association with disease activity and
quality of life. JJEN J Parenter Enteral Nutr. 2011; 35(3):308-316. [PubMed: 21527593]

Ardesia M, Ferlazzo G, Fries W. Vitamin D and inflammatory bowel disease. BioMed research
international. 2015; 2015:470805. [PubMed: 26000293]

14. Blanck S, Aberra F. Vitamin d deficiency is associated with ulcerative colitis disease activity.

15.

Digestive diseases and sciences. 2013; 58(6):1698-1702. [PubMed: 23334382]
Castro FD, Magalhaes J, Carvalho PB, Moreira MJ, Mota P, Cotter J. Lower Levels of Vitamin D

Correlate with Clinical Disease Activity and Quality of Life in Inflammatory Bowel Disease. Arq
Gastroenterol. 2015; 52(4):260-265. [PubMed: 26840465]

Curr Med Chem. Author manuscript; available in PMC 2017 June 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shang and Sun

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Page 11

Hlavaty T, Krajcovicova A, Koller T, Toth J, Nevidanska M, Huorka M, Payer J. Higher vitamin D
serum concentration increases health related quality of life in patients with inflammatory bowel
diseases. World J Gastroenterol. 2014; 20(42):15787-15796. [PubMed: 25400464]

Tazzyman S, Richards N, Trueman AR, Evans AL, Grant VA, Garaiova |, Plummer SF, Williams
EA, Corfe BM. Vitamin D associates with improved quality of life in participants with irritable
bowel syndrome: outcomes from a pilot trial. BMJ Open Gastroenterol. 2015; 2(1):e000052.

Baron JA, Barry EL, Mott LA, Rees JR, Sandler RS, Snover DC, Bostick RM, lvanova A, Cole BF,
Ahnen DJ, Beck GJ, Bresalier RS, Burke CA, Church TR, Cruz-Correa M, Figueiredo JC,
Goodman M, Kim AS, Robertson DJ, Rothstein R, Shaukat A, Seabrook ME, Summers RW. A
Trial of Calcium and Vitamin D for the Prevention of Colorectal Adenomas. The New England
journal of medicine. 2015; 373(16):1519-1530. [PubMed: 26465985]

Kong J, Zhang Z, Musch MW, Ning G, Sun J, Hart J, Bissonnette M, Li YC. Novel role of the
vitamin D receptor in maintaining the integrity of the intestinal mucosal barrier. American journal
of physiology. Gastrointestinal and liver physiology. 2008; 294(1):G208-G216. [PubMed:
17962355]

Torki M, Gholamrezaei A, Mirbagher L, Danesh M, Kheiri S, Emami MH. Vitamin D Deficiency
Associated with Disease Activity in Patients with Inflammatory Bowel Diseases. Digestive
diseases and sciences. 2015; 60(10):3085-3091. [PubMed: 26031421]

Hongwei Zhao HZ, Hui Wu, Hui Li, Lei Liu, Jian Guo, Chenyang Li, David Q Shih, Zhang aX.
Protective role of 1,25(0OH)2vitamin D3 in the mucosal injury and epithelial barrier disruption in
DSS-induced acute colitis in mice. BMC Gastroenterology. 2012

LuR, Wu S, Xia, Sun J. The Vitamin D Receptor, Inflammatory Bowel Diseases, and Colon
Cancer. Current colorectal cancer reports. 2012; 8(1):57-65. [PubMed: 23814529]

Gombart AF, Borregaard N, Koeffler HP. Human cathelicidin antimicrobial peptide (CAMP) gene
is a direct target of the vitamin D receptor and is strongly up-regulated in myeloid cells by 1,25-
dihydroxyvitamin D3. FASEB J. 2005; 19(9):1067-1077. [PubMed: 15985530]

Wang TT, Dabbas B, Laperriere D, Bitton AJ, Soualhine H, Tavera-Mendoza LE, Dionne S,
Servant MJ, Bitton A, Seidman EG, Mader S, Behr MA, White JH. Direct and indirect induction
by 1,25-dihydroxyvitamin D3 of the NOD2/CARD15-defensin beta2 innate immune pathway
defective in Crohn disease. The Journal of biological chemistry. 2010; 285(4):2227-2231.
[PubMed: 19948723]

Bashir M, Prietl B, Tauschmann M, Mautner SI, Kump PK, Treiber G, Wurm P, Gorkiewicz G,
Hogenauer C, Pieber TR. Effects of high doses of vitamin D3 on mucosa-associated gut
microbiome vary between regions of the human gastrointestinal tract. Eur J Nutr. 2016; 55(4):
1479-1489. [PubMed: 26130323]

Weiss ST, Litonjua AA. Vitamin D, the gut microbiome, and the hygiene hypothesis. How does
asthma begin? Am J Respir Crit Care Med. 2015; 191(5):492-493. [PubMed: 25723818]

Ooi JH, Li Y, Rogers CJ, Cantorna MT. Vitamin D regulates the gut microbiome and protects mice
from dextran sodium sulfate-induced colitis. The Journal of nutrition. 2013; 143(10):1679-1686.
[PubMed: 23966330]

Cantorna MT, McDaniel K, Bora S, Chen J, James J. Vitamin D, immune regulation, the
microbiota, and inflammatory bowel disease. Exp Biol Med (Maywood). 2014; 239(11):1524—
1530. [PubMed: 24668555]

Jin D, Wu S, Zhang YG, Lu R, Xia Y, Dong H, Sun J. Lack of Vitamin D Receptor Causes
Dysbiosis and Changes the Functions of the Murine Intestinal Microbiome. Clinical therapeutics.
2015; 37(5):996-1009. e1007. [PubMed: 26046242]

Wu S, Zhang YG, Lu R, Xia Y, Zhou D, Petrof EO, Claud EC, Chen D, Chang EB, Carmeliet G,
Sun J. Intestinal epithelial vitamin D receptor deletion leads to defective autophagy in colitis. Gut.
2014

Wu S, Zhang YG, Lu R, Xia Y, Zhou D, Petrof EO, Claud EC, Chen D, Chang EB, Carmeliet G,
Sun J. Intestinal epithelial vitamin D receptor deletion leads to defective autophagy in colitis. Gut.
2015; 64(7):1082-1094. [PubMed: 25080448]

Wang J, Thingholm Louise B, Skieceviciené Jurgita, Rausch Philipp, Kummen Martin, Hov
Johannes R, Degenhardt Frauke, Heinsen Femke-Anouska, Riihlemann Malte C, Szymczak Silke,

Curr Med Chem. Author manuscript; available in PMC 2017 June 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shang and Sun

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Page 12

Holm Kristian, Esko Ténu, Sun Jun, Pricop-Jeckstad Mihaela, Al-Dury Samer, Bohov Pavol,
Bethune Jorn, Sommer Felix, Ellinghaus David, Berge Rolf K, Hibenthal Matthias, Koch Manja,
D’Amato Mauro, Cloppenborg-Schmidt Katja, Kinzel Sven, Laudes Matthi-as, Marschall Hanns-
Ulrich, Lieb Wolfgang, N6thlings Ute, Karlsen Tom H, Baines John F, Franke Andre. Genome-
wide host-microbiota association analysis of 1,812 individuals identifies vitamin D receptor
genetic variation and other host factors shaping the gut microbiota. Nature Genetics. 2016
Manuscript Number: NG-A43458.

Wu Q, Liu MC, Yang J, Wang JF, Zhu YH. Lactobacillus rhamnosus GR-1 Ameliorates
Escherichia coli-Induced Inflammation and Cell Damage via Attenuation of ASC-Independent
NLRP3 Inflammasome Activation. Applied and environmental microbiology. 2015; 82(4):1173—
1182. [PubMed: 26655757]

Zhang W, Zhu YH, Yang JC, Yang GY, Zhou D, Wang JF. A Selected Lactobacillus rhamnosus
Strain Promotes EGFR-Independent Akt Activation in an Enterotoxigenic Escherichia coli K88-
Infected IPEC-J2 Cell Model. PloS one. 2015; 10(4):e0125717. [PubMed: 25915861]

Yan F, Polk DB. Probiotic bacterium prevents cytokine-induced apoptosis in intestinal epithelial
cells. The Journal of biological chemistry. 2002; 277(52):50959-50965. [PubMed: 12393915]

Vanderpool C, Yan F, Polk DB. Mechanisms of probiotic action: Implications for therapeutic
applications in inflammatory bowel diseases. Inflammatory bowel diseases. 2008; 14(11):1585—
1596. [PubMed: 18623173]

Bolognani F, Rumney CJ, Pool-Zobel BL, Rowland IR, Effect of lactobacilli. bifidobacteria and
inulin on the formation of aberrant crypt foci in rats. Eur J Nutr. 2001; 40(6):293-300. [PubMed:
11876494]

Femia AP, Luceri C, Dolara P, Giannini A, Biggeri A, Salvadori M, Clune Y, Collins KJ, Paglierani
M, Caderni G. Antitumorigenic activity of the prebiotic inulin enriched with oligofructose in
combination with the probiotics Lactobacillus rhamnosus and Bifidobacterium lactis on
azoxymethane-induced colon carcinogenesis in rats. Carcinogenesis. 2002; 23(11):1953-1960.
[PubMed: 12419846]

Caderni G, Femia AP, Giannini A, Favuzza A, Luceri C, Salvadori M, Dolara P. Identification of
mucin-depleted foci in the unsectioned colon of azoxymethane-treated rats: correlation with
carcinogenesis. Cancer research. 2003; 63(10):2388-2392. [PubMed: 12750256]

Capurso G, Marignani M, Fave GD. Probiotics and the incidence of colorectal cancer: when
evidence is not evident. Digestive and Liver Disease. 2006; 38:5277-S282. [PubMed: 17259091]
Cremonini F, Di Caro S, Nista EC, Bartolozzi F, Capelli G, Gasbarrini G, Gasbarrini A. Meta-
analysis: the effect of probiotic administration on antibiotic-associated diarrhoea. Aliment
Pharmacol Ther. 2002; 16(8):1461-1467. [PubMed: 12182746]

Hawrelak JA, Whitten DL, Myers SP. Is Lactobacillus rhamnosus GG effective in preventing the
onset of antibiotic-associated diarrhoea: a systematic review. Digestion. 2005; 72(1):51-56.
[PubMed: 16113542]

Fooks LJ, Gibson GR. Probiotics as modulators of the gut flora. The British journal of nutrition.
2002; (88 Suppl 1):S39-S49. [PubMed: 12215180]

Bibiloni R, Fedorak RN, Tannock GW, Madsen KL, Gionchetti P, Campieri M, De Simone C,
Sartor RB. VSL#3 probiotic-mixture induces remission in patients with active ulcerative colitis.
Am J Gastroenterol. 2005; 100(7):1539-1546. [PubMed: 15984978]

Kim HJ, Camilleri M, McKinzie S, Lempke MB, Burton DD, Thomforde GM, Zinsmeister AR. A
randomized controlled trial of a probiotic, VSL#3, on gut transit and symptoms in diarrhoea-
predominant irritable bowel syndrome. Aliment Pharmacol Ther. 2003; 17(7):895-904. [PubMed:
12656692]

Thomas MR, Litin SC, Osmon DR, Corr AP, Weaver AL, Lohse CM. Lack of effect of
Lactobacillus GG on antibiotic-associated diarrhea: a randomized, placebo-controlled trial. Mayo
Clin Proc. 2001; 76(9):883-889. [PubMed: 11560298]

Simeoli R, Mattace Raso G, Lama A, Pirozzi C, Santoro A, Di Guida F, Sanges M, Aksoy E,
Calignano A, D’Arienzo A, Meli R. Preventive and therapeutic effects of Lactobacillus paracasei
B21060-based synbiotic treatment on gut inflammation and barrier integrity in colitic mice. The
Journal of nutrition. 2015; 145(6):1202-1210. [PubMed: 25926411]

Curr Med Chem. Author manuscript; available in PMC 2017 June 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shang and Sun

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page 13

Walsham AD, MacKenzie DA, Cook V, Wemyss-Holden S, Hews CL, Juge N, Schuller S.
Lactobacillus reuteri Inhibition of Enteropathogenic Escherichia coli Adherence to Human
Intestinal Epithelium. Frontiers in microbiology. 2016; 7:244. [PubMed: 26973622]

Thomas LV, Suzuki K, Zhao J. Probiotics: a proactive approach to health. A symposium report.
The British journal of nutrition. 2015; (114 Suppl 1):S1-S15.

Ma D, Forsythe P, Bienenstock J. Live Lactobacillus rhamnosus [corrected] is essential for the
inhibitory effect on tumor necrosis factor alpha-induced interleukin-8 expression. Infection and
immunity. 2004; 72(9):5308-5314. [PubMed: 15322027]

Zhang L, Li N, Caicedo R, Neu J. Alive and dead Lactobacillus rhamnosus GG decrease tumor
necrosis factor-alpha-induced interleukin-8 production in Caco-2 cells. The Journal of nutrition.
2005; 135(7):1752-1756. [PubMed: 15987860]

Reiff C, Delday M, Rucklidge G, Reid M, Duncan G, Wohlgemuth S, Hormannsperger G, Loh G,
Blaut M, Collie-Duguid E, Haller D, Kelly D. Balancing inflammatory, lipid, and xenobiotic
signaling pathways by VSL#3, a biotherapeutic agent, in the treatment of inflammatory bowel
disease. Inflammatory bowel diseases. 2009; 15(11):1721-1736. [PubMed: 19639558]

Hoffmann M, Messlik A, Kim SC, Sartor RB, Haller D. Impact of a probiotic Enterococcus
faecalis in a gnotobiotic mouse model of experimental colitis. Mol Nutr Food Res. 2011; 55(5):
703-713. [PubMed: 21254393]

Wu'Y, Zhu C, Chen Z, Chen Z, Zhang W, Ma X, Wang L, Yang X, Jiang Z. Protective effects of
Lactobacillus plantarum on epithelial barrier disruption caused by enterotoxigenic Escherichia coli
in intestinal porcine epithelial cells. Veterinary immunology and immunopathology. 2016; 172:55—
63. [PubMed: 27032504]

Wachi S, Kanmani P, Tomosada Y, Kobayashi H, Yuri T, Egusa S, Shimazu T, Suda Y, Aso H,
Sugawara M, Saito T, Mishima T, Villena J, Kitazawa H. Lactobacillus delbrueckii TUA4408L
and its extracellular polysaccharides attenuate enterotoxigenic Escherichia coli-induced
inflammatory response in porcine intestinal epitheliocytes via Toll-like receptor-2 and 4. Mol Nutr
Food Res. 2014; 58(10):2080-2093. [PubMed: 24995380]

Liu M, Wu Q, Wang M, Fu Y, Wang J. Lactobacillus rhamnosus GR-1 Limits Escherichia coli-
Induced Inflammatory Responses via Attenuating MyD88-Dependent and MyD88-Independent
Pathway Activation in Bovine Endometrial Epithelial Cells. Inflammation. 2016

Yoshifuji A, Wakino S, Irie J, Tajima T, Hasegawa K, Kanda T, Tokuyama H, Hayashi K, Itoh H.
Gut Lactobacillus protects against the progression of renal damage by modulating the gut
environment in rats. Nephrology, dialysis, transplantation : official publication of the European
Dialysis and Transplant Association - European Renal Association. 2016; 31(3):401-412.

Shimazu T, Villena J, Tohno M, Fujie H, Hosoya S, Shimosato T, Aso H, Suda Y, Kawai Y, Saito T,
Makino S, Ikegami S, Itoh H, Kitazawa H. Immunobiotic Lactobacillus jensenii elicits anti-
inflammatory activity in porcine intestinal epithelial cells by modulating negative regulators of the
Toll-like receptor signaling pathway. Infection and immunity. 2012; 80(1):276-288. [PubMed:
22083706]

Bensinger SJ, Tontonoz P. Integration of metabolism and inflammation by lipid-activated nuclear
receptors. Nature. 2008; 454(7203):470-477. [PubMed: 18650918]

Kelly D, Campbell JI, King TP, Grant G, Jansson EA, Coutts AG, Pettersson S, Conway S.
Commensal anaerobic gut bacteria attenuate inflammation by regulating nuclear-cytoplasmic
shuttling of PPAR-gamma and RelA. Nature immunology. 2004; 5(1):104-112. [PubMed:
14691478]

Aronsson L, Huang Y, Parini P, Korach-Andre M, Hakansson J, Gustafsson JA, Pettersson S,
Arulampalam V, Rafter J. Decreased fat storage by Lactobacillus paracasei is associated with
increased levels of angiopoietin-like 4 protein (ANGPTLA4). PloS one. 2010; 5(9)
Bassaganya-Riera J, Viladomiu M, Pedragosa M, De Simone C, Carbo A, Shaykhutdinov R, Jobin
C, Arthur JC, Corl BA, Vogel H, Storr M, Hontecillas R. Probiotic bacteria produce conjugated
linoleic acid locally in the gut that targets macrophage PPAR gamma to suppress colitis. PloS one.
2012; 7(2):e31238. [PubMed: 22363592]

Mencarelli A, Distrutti E, Renga B, D’Amore C, Cipriani S, Palladino G, Donini A, Ricci P,
Fiorucci S. Probiotics modulate intestinal expression of nuclear receptor and provide counter-

Curr Med Chem. Author manuscript; available in PMC 2017 June 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shang and Sun

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Page 14

regulatory signals to inflammation-driven adipose tissue activation. PloS one. 2011; 6(7):e22978.
[PubMed: 21829567]

Zhu'Y, Michelle Luo T, Jobin C, Young HA. Gut microbiota and probiotics in colon tumorigenesis.
Cancer Lett. 2011; 309(2):119-127. [PubMed: 21741763]

Fearon ER. Molecular genetics of colorectal cancer. Annu Rev Pathol. 2011; 6:479-507. [PubMed:
21090969]

Slattery ML, Curtin K, Sweeney C, Levin TR, Potter J, Wolff RK, Albertsen H, Samowitz WS.
Diet and lifestyle factor associations with CpG island methylator phenotype and BRAF mutations
in colon cancer. International journal of cancer. 2007; 120(3):656-663. [PubMed: 17096326]

Lee NK, Park JS, Park E, Paik HD. Adherence and anticarcinogenic effects of Bacillus
polyfermenticus SCD in the large intestine. Lett Appl Microbiol. 2007; 44(3):274-278. [PubMed:
17309504]

Urbanska AM, Bhathena J, Martoni C, Prakash S. Estimation of the potential antitumor activity of
microencapsulated Lactobacillus acidophilus yogurt formulation in the attenuation of
tumorigenesis in Apc(Min/+) mice. Digestive diseases and sciences. 2009; 54(2):264-273.
[PubMed: 18633708]

Gianotti L, Morelli L, Galbiati F, Rocchetti S, Coppola S, Beneduce A, Gilardini C, Zonenschain
D, Nespoli A, Braga M. A randomized double-blind trial on perioperative administration of
probiotics in colorectal cancer patients. World J Gastroenterol. 2010; 16(2):167-175. [PubMed:
20066735]

Jenab M, Bueno-de-Mesquita HB, Ferrari P, van Duijnhoven FJ, Norat T, Pischon T, Jansen EH,
Slimani N, Byrnes G, Rinaldi S, Tjonneland A, Olsen A, Overvad K, Boutron-Ruault MC, Clavel-
Chapelon F, Morois S, Kaaks R, Linseisen J, Boeing H, Bergmann MM, Trichopoulou A, Misirli
G, Trichopoulos D, Berrino F, Vineis P, Panico S, Palli D, Tumino R, Ros MM, van Gils CH,
Peeters PH, Brustad M, Lund E, Tormo MJ, Ardanaz E, Rodriguez L, Sanchez MJ, Dorronsoro M,
Gonzalez CA, Hallmans G, Palmgvist R, Roddam A, Key TJ, Khaw KT, Autier P, Hainaut P,
Riboli E. Association between pre-diagnostic circulating vitamin D concentration and risk of
colorectal cancer in European populations:a nested case-control study. BMJ. 2010; 340 b5500.
Dou R, Ng K, Giovannucci EL, Manson JE, Qian ZR, Ogino S. Vitamin D and colorectal cancer:
molecular, epidemiological and clinical evidence. The British journal of nutrition. 2016; 115(9):
1643-1660. [PubMed: 27245104]

Terry P, Baron JA, Bergkvist L, Holmberg L, Wolk A. Dietary calcium and vitamin D intake and
risk of colorectal cancer: a prospective cohort study in women. Nutr Cancer. 2002; 43(1):39-46.
[PubMed: 12467133]

Park SY, Murphy SP, Wilkens LR, Nomura AM, Henderson BE, Kolonel LN. Calcium and vitamin
D intake and risk of colorectal cancer: the Multiethnic Cohort Study. American journal of
epidemiology. 2007; 165(7):784-793. [PubMed: 17215380]

Mizoue T, Kimura Y, Toyomura K, Nagano J, Kono S, Mibu R, Tanaka M, Kakeji Y, Maehara Y,
Okamura T, Ikejiri K, Futami K, Yasunami Y, Maekawa T, Takenaka K, Ichimiya H, Imaizumi N.
Calcium, dairy foods, vitamin D, and colorectal cancer risk: the Fukuoka Colorectal Cancer Study.
Cancer Epidemiol Biomarkers Prev. 2008; 17(10):2800-2807. [PubMed: 18843026]

Lam EK, Tai EK, Koo MW, Wong HP, Wu WK, Yu L, So WH, Woo PC, Cho CH. Enhancement of
gastric mucosal integrity by Lactobacillus rhamnosus GG. Life Sci. 2007; 80(23):2128-2136.
[PubMed: 17499310]

Suo H, Zhao X, Qian Y, Sun P, Zhu K, Li J, Sun B. Lactobacillus fermentum Suo Attenuates HCI/
Ethanol Induced Gastric Injury in Mice through Its Antioxidant Effects. Nutrients. 2016; 8(3)

Yu HJ, Liu W, Chang Z, Shen H, He LJ, Wang SS, Liu L, Jiang YY, Xu GT, An MM, Zhang JD.
Probiotic BIFICO cocktail ameliorates Helicobacter pylori induced gastritis. World J
Gastroenterol. 2015; 21(21):6561-6571. [PubMed: 26074694]

Spruss A, Bergheim I. Dietary fructose and intestinal barrier: potential risk factor in the
pathogenesis of nonalcoholic fatty liver disease. The Journal of nutritional biochemistry. 2009;
20(9):657-662. [PubMed: 19679262]

Curr Med Chem. Author manuscript; available in PMC 2017 June 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shang and Sun

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9L

92.

93.

Page 15

Wagnerberger S, Spruss A, Kanuri G, Stahl C, Schroder M, Vetter W, Bischoff SC, Bergheim 1.
Lactobacillus casei Shirota protects from fructose-induced liver steatosis: a mouse model. The
Journal of nutritional biochemistry. 2013; 24(3):531-538. [PubMed: 22749137]

Wang Y, Li Y, Xie J, Zhang Y, Wang J, Sun X, Zhang H. Protective effects of probiotic
Lactobacillus casei Zhang against endotoxin- and d-galactosamine-induced liver injury in rats via
anti-oxidative and anti-inflammatory capacities. International immunopharmacology. 2013; 15(1):
30-37. [PubMed: 23146349]

Zheng A, Luo J, Meng K, Li J, Bryden WL, Chang W, Zhang S, Wang LX, Liu G, Yao B.
Probiotic (Enterococcus faecium) induced responses of the hepatic proteome improves metabolic
efficiency of broiler chickens (Gallus gallus). BMC genomics. 2016; 17(1):89. [PubMed:
26830196]

Zheng B, van Bergenhenegouwen J, Overbeek S, van de Kant HJ, Garssen J, Folkerts G, Vos P,
Morgan ME, Kraneveld AD. Bifidobacterium breve attenuates murine dextran sodium sulfate-
induced colitis and increases regulatory T cell responses. PloS one. 2014; 9(5):e95441. [PubMed:
24787575]

Yu X, Wang C, Luo J, Zhao X, Wang L, Li X. Combination with methotrexate and
cyclophosphamide attenuated maturation of dendritic cells: inducing Treg skewing and Th17
suppression in vivo. Clin Dev Immunol. 2013; 2013 238035.

Weiss G, Rasmussen S, Zeuthen LH, Nielsen BN, Jarmer H, Jespersen L, Frokiaer H. Lactobacillus
acidophilus induces virus immune defence genes in murine dendritic cells by a Toll-like
receptor-2-dependent mechanism. Immunology. 2010; 131(2):268-281. [PubMed: 20545783]

de Moreno, de, LeBlanc, A., Dogi, CA., Galdeano, CM., Carmuega, E., Weill, R., Perdigon, G.
Effect of the administration of a fermented milk containing Lactobacillus casei DN-114001 on
intestinal microbiota and gut associated immune cells of nursing mice and after weaning until
immune maturity. BMC immunology. 2008; 9:27. [PubMed: 18554392]

Konieczna P, Groeger D, Ziegler M, Frei R, Ferstl R, Shanahan F, Quigley EM, Kiely B, Akdis
CA, O’Mahony L. Bifidobacterium infantis 35624 administration induces Foxp3 T regulatory cells
in human peripheral blood: potential role for myeloid and plasmacytoid dendritic cells. Gut. 2012;
61(3):354-366. [PubMed: 22052061]

Fujii T, Ohtsuka Y, Lee T, Kudo T, Shoji H, Sato H, Nagata S, Shimizu T, Yamashiro Y.
Bifidobacterium breve enhances transforming growth factor betal signaling by regulating Smad7
expression in preterm infants. J Pediatr Gastroenterol Nutr. 2006; 43(1):83-88. [PubMed:
16819382]

Xie J, Nie S, Yu Q, Yin J, Xiong T, Gong D, Xie M. Lactobacillus plantarum NCU116 Attenuates
Cyclophosphamide-Induced Immunosuppression and Regulates Th17/Treg Cell Immune
Responses in Mice. Journal of agricultural and food chemistry. 2016; 64(6):1291-1297. [PubMed:
26822718]

Mai CW, Yap KS, Kho MT, Ismail NH, Yusoff K, Shaari K, Chin SY, Lim ES. Mechanisms
Underlying the Anti-Inflammatory Effects of Clinacanthus nutans Lindau Extracts: Inhibition of
Cytokine Production and Toll-Like Receptor-4 Activation. Frontiers in pharmacology. 2016; 7:7.
[PubMed: 26869924]

Lee S, Kim HS, Koo JM, Kim IH. Lactobacillus acidophilus modulates inflammatory activity by
regulating the TLR4 and NF-kappaB expression in porcine peripheral blood mononuclear cells
after lipopolysaccharide challenge. The British journal of nutrition. 2016; 115(4):567-575.
[PubMed: 26769562]

Braat H, van den Brande J, van Tol E, Hommes D, Peppelenbosch M, van Deventer S.
Lactobacillus rhamnosus induces peripheral hyporesponsiveness in stimulated CD4+ T cells via
modulation of dendritic cell function. Am J Clin Nutr. 2004; 80(6):1618-1625. [PubMed:
15585777]

Maqueda M, Sanchez-Hidalgo M, Fernandez M, Montalban-Lopez M, Valdivia E, Martinez-Bueno
M. Genetic features of circular bacteriocins produced by Gram-positive bacteria. FEMS Microbiol
Rev. 2008; 32(1):2-22. [PubMed: 18034824]

Van Guelpen B, Hultdin J, Johansson I, Hallmans G, Stenling R, Riboli E, Winkvist A, Palmqvist
R. Low folate levels may protect against colorectal cancer. Gut. 2006; 55(10):1461-1466.
[PubMed: 16638790]

Curr Med Chem. Author manuscript; available in PMC 2017 June 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shang and Sun

Page 16

94. Geier MS, Butler RN, Howarth GS. Probiotics, prebiotics and synbiotics: a role in
chemoprevention for colorectal cancer? Cancer Biol Ther. 2006; 5(10):1265-1269. [PubMed:
16969130]

95. Jones ML, Martoni CJ, Prakash S. Oral supplementation with probiotic L. reuteri NCIMB 30242
increases mean circulating 25-hydroxyvitamin D: a post hoc analysis of a randomized controlled
trial. The Journal of clinical endocrinology and metabolism. 2013; 98(7):2944-2951. [PubMed:
23609838]

96. Appleyard, Caroline B., MLC, Isidro, Angel A., Arthur, Janelle C., Jobin, Christian, De Simone,
Claudio. Pretreatment with the probiotic VSL#3 delays transition from inflammation to dysplasia
in a rat model of colitis-associated cancer. American journal of physiology. Gastrointestinal and
liver physiology. 2011

97. Mencarelli A, Cipriani S, Renga B, Bruno A, D’Amore C, Distrutti E, Fiorucci S. VSL#3 resets
insulin signaling and protects against NASH and atherosclerosis in a model of genetic
dyslipidemia and intestinal inflammation. PloS one. 2012; 7(9):e45425. [PubMed: 23029000]

98. Sonia Yoon SW, Zhang Yong-guo, Lu Rong, Petrof Elaine O, Yuan Lijuan, Claud Erika C, Sun
Jun. Probiotic Regulation of Vitamin D Receptor in Intestinal Inflammation. Gastroenterology.
2011; 140(5) S-19.

99. Wu S, Yoon S, Zhang YG, Lu R, Xia 'Y, Wan J, Petrof EO, Claud EC, Chen D, Sun J. Vitamin D
receptor pathway is required for probiotic protection in colitis. American journal of physiology.
Gastrointestinal and liver physiology. 2015; 309(5):G341-G349. [PubMed: 26159695]

100. Ranji P, Akbarzadeh A, Rahmati-Yamchi M. Associations of Probiotics with Vitamin D and
Leptin Receptors and their Effects on Colon Cancer. Asian Pacific Journal of Cancer Prevention.
2015; 16(9):3621-3627. [PubMed: 25987012]

101. Sood A, Midha V, Makharia GK, Ahuja V, Singal D, Goswami P, Tandon RK. The probiotic
preparation, VSL#3 induces remission in patients with mild-to-moderately active ulcerative
colitis. Clin Gastroenterol Hepatol. 2009; 7(11):1202-1209. e1201. [PubMed: 19631292]

102. Garcia Vilela E, De Lourdes De Abreu Ferrari M, Oswaldo Da Gama Torres H, Guerra Pinto A,
Carolina Carneiro Aguirre A, Paiva Martins F, Marcos Andrade Goulart E, Sales Da Cunha A.
Influence of Saccharomyces boulardii on the intestinal permeability of patients with Crohn’s
disease in remission. Scand J Gastroenterol. 2008; 43(7):842-848. [PubMed: 18584523]

103. Fujimori S, Tatsuguchi A, Gudis K, Kishida T, Mitsui K, Ehara A, Kobayashi T, Sekita Y, Seo T,
Sakamoto C. High dose probiotic and prebiotic cotherapy for remission induction of active
Crohn’s disease. J Gastroenterol Hepatol. 2007; 22(8):1199-1204. [PubMed: 17688660]

104. Rahimi R, Nikfar S, Rahimi F, Elahi B, Derakhshani S, Vafaie M, Abdollahi M. A meta-analysis
on the efficacy of probiotics for maintenance of remission and prevention of clinical and
endoscopic relapse in Crohn’s disease. Digestive diseases and sciences. 2008; 53(9):2524-2531.
[PubMed: 18270836]

105. Wang B, Li J, Chen J, Huang Q, Li N, Li J. Effect of live Lactobacillus plantarum L2 on TNF-
alpha-induced MCP-1 production in Caco-2 cells. Int J Food Microbiol. 2010; 142(1-2):237-
241. [PubMed: 20576301]

106. Tien MT, Girardin SE, Regnault B, Le Bourhis L, Dillies MA, Coppee JY, Bourdet-Sicard R,
Sansonetti PJ, Pedron T. Anti-inflammatory effect of Lactobacillus casei on Shigella-infected
human intestinal epithelial cells. Journal of immunology. 2006; 176(2):1228-1237.

107. Lee SY, Jeong JJ, Le TH, Eun SH, Nguyen MD, Park JH, Kim DH. Ocotillol, a Majonoside R2
Metabolite, Ameliorates 2,4,6-Trinitrobenzenesulfonic Acid-Induced Colitis in Mice by
Restoring the Balance of Th17/Treg Cells. Journal of agricultural and food chemistry. 2015;
63(s31):7024-7031. [PubMed: 26194345]

108. Schlee M, Harder J, Koten B, Stange EF, Wehkamp J, Fellermann K. Probiotic lactobacilli and
VSL#3 induce enterocyte beta-defensin 2. Clin Exp Immunol. 2008; 151(3):528-535. [PubMed:
18190603]

109. Johnson-Henry KC, Donato KA, Shen-Tu G, Gordanpour M, Sherman PM. Lactobacillus
rhamnosus strain GG prevents enterohemorrhagic Escherichia coli 0157:H7-induced changes in
epithelial barrier function. Infection and immunity. 2008; 76(4):1340-1348. [PubMed:
18227169]

Curr Med Chem. Author manuscript; available in PMC 2017 June 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shang and Sun

110

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Page 17

. Jacouton E, Mach N, Cadiou J, Lapaque N, Clement K, Dore J, van Hylckama Vlieg JE,
Smokvina T, Blottiere HM. Lactobacillus rhamnosus CNCMI-4317 Modulates Fiaf/Angptl4 in
Intestinal Epithelial Cells and Circulating Level in Mice. PloS one. 2015; 10(10):e0138880.
[PubMed: 26439630]

Ghadimi D, Vrese M, Heller KJ, Schrezenmeir J. Effect of natural commensal-origin DNA on
toll-like receptor 9 (TLR9) signaling cascade, chemokine IL-8 expression, and barrier integritiy
of polarized intestinal epithelial cells. Inflammatory bowel diseases. 2010; 16(3):410-427.
[PubMed: 19714766]

Anderson RC, Cookson AL, McNabb WC, Park Z, McCann MJ, Kelly WJ, Roy NC.
Lactobacillus plantarum MB452 enhances the function of the intestinal barrier by increasing the
expression levels of genes involved in tight junction formation. BMC microbiology. 2010;
10:316. [PubMed: 21143932]

Mennigen R, Nolte K, Rijcken E, Utech M, Loeffler B, Senninger N, Bruewer M. Probiotic
mixture VSL#3 protects the epithelial barrier by maintaining tight junction protein expression
and preventing apoptosis in a murine model of colitis. American journal of physiology.
Gastrointestinal and liver physiology. 2009; 296(5):G1140-G1149. [PubMed: 19221015]

Moorthy G, Murali MR, Devaraj SN. Lactobacilli facilitate maintenance of intestinal membrane
integrity during Shigella dysenteriae 1 infection in rats. Nutrition. 2009; 25(3):350-358.
[PubMed: 19036564]

Putaala H, Salusjarvi T, Nordstrom M, Saarinen M, Ouwehand AC, Bech Hansen E, Rautonen N.
Effect of four probiotic strains and Escherichia coli 0157:H7 on tight junction integrity and
cyclo-oxygenase expression. Res Microbiol. 2008; 159(9-10):692-698. [PubMed: 18783733]
Ukena SN, Singh A, Dringenberg U, Engelhardt R, Seidler U, Hansen W, Bleich A, Bruder D,
Franzke A, Rogler G, Suerbaum S, Buer J, Gunzer F, Westendorf AM. Probiotic Escherichia coli
Nissle 1917 inhibits leaky gut by enhancing mucosal integrity. PloS one. 2007; 2(12):e1308.
[PubMed: 18074031]

Ewaschuk JB, Diaz H, Meddings L, Diederichs B, Dmytrash A, Backer J, Looijer-van Langen M,
Madsen KL. Secreted bioactive factors from Bifidobacterium infantis enhance epithelial cell
barrier function. American journal of physiology. Gastrointestinal and liver physiology. 2008;
295(5):G1025-G1034. [PubMed: 18787064]

Zhou Y, Qin H, Zhang M, Shen T, Chen H, Ma Y, Chu Z, Zhang P, Liu Z. Lactobacillus
plantarum inhibits intestinal epithelial barrier dysfunction induced by unconjugated bilirubin.
The British journal of nutrition. 2010; 104(3):390-401. [PubMed: 20412608]

Karczewski J, Troost FJ, Konings I, Dekker J, Kleerebezem M, Brummer RJ, Wells JM.
Regulation of human epithelial tight junction proteins by Lactobacillus plantarum in vivo and
protective effects on the epithelial barrier. American journal of physiology. Gastrointestinal and
liver physiology. 2010; 298(6):G851-G859. [PubMed: 20224007]

Zyrek AA, Cichon C, Helms S, Enders C, Sonnenborn U, Schmidt MA. Molecular mechanisms
underlying the probiotic effects of Escherichia coli Nissle 1917 involve ZO-2 and PKCzeta
redistribution resulting in tight junction and epithelial barrier repair. Cellular microbiology. 2007;
9(3):804-816. [PubMed: 17087734]

Li AL, Meng XC, Duan CC, Huo GC, Zheng QL, Li D. Suppressive effects of oral administration
of heat-killed Lactobacillus acidophilus on T helper-17 immune responses in a bovine beta-
lactoglobulin-sensitized mice model. Biological & pharmaceutical bulletin. 2013; 36(2):202-207.
[PubMed: 23207873]

Curr Med Chem. Author manuscript; available in PMC 2017 June 08.



Page 18

NOZIN)
0zy snoerdn)
uonvdjuUI-0343 Aq paonpul AliBsul Jatiieq ay) pa1olsal NOJ BuippyIn)
etfrl)
abewep woJy suonounf ybn ayy parosioid sonoiqadit
01 PaNpul-SSA/sOF(IA) 1)
$1182 Z-09eD BuIssos00e H3 1 paonpul ZGraIN d I
ones 2-0%¢m11) Zsvan 411
[oT1-z11]  onoidode [enjaunds Jo aseaIOuUl PUB ‘GF'E T-UIPNJD PUE ‘T-OZ ‘BUIPN|I90 JO UOHNGLISIPEI PUE UOISSaIdXa Pasealodp e#1SA() 801w o/qreg (1) e#ISA() SCL
S199 ¥/8.L PUB 62-1H Ul UOISsaidxa gL Paseaoul NG ulbLio-[esuawood sy
uonejAioydsoyo 62-Li1Y) 291
ged pue uonepeifisp ©gy| Butonpal Ag UOIRAIIIE gX-4N PadNPUI-D-4N L S8Sea18p wnbuof g Yum uawieal J(11)
H#eL-11) wnbuoj "g11) SEN
uondayul 9313 Burinp asuodsas sunwiwi Buibewep Bunebiniw ‘8busjreyd Sd71 40 D313 Aq pasned saupjowayd /aA-AN
[tT1 '84] pue sauIy 0149 Alojewwrejsulold Jo uoissaldxa ayl adnpal 01 syL Sare|nbai Ajpanebau £ eez 1L Huasual snjj1oeqooey (1) s1190 31d(1) 162711 luasual snjj1oeqoioe (1) syl
S11109
|eluawIIadxa 40 [apow asnow dnoigolousy 1) SI[eaak) sN920904a3u11)
'sRemyred #¥4711/24711 BIA asuodsal
[60T ‘€5l AloTewiwejul ayenuayie sy/eaagy sn22020493u3 pue 807N L sa1400118ynda Jeunsajul au1aiod(1) 180N L 1198n1q/ap snjj19eqozoeT (1) sq1L
e#1SAN)
(&) snyprydoproe-fn)
T-dV Buneanoe pue gy-4N Bunajap el uoneande Jajowold g-pgH paysijoge d1301qoldin)
winuawusy i)
S]199 2-00eD Ul UoIssaldxa WNYW zZ-sulsuayap ¢ uewiny pasealoul A|SnolAiqo a1o1qold (edy
Z-006m11) (NO3) LT6T 9/ssiN 009 (1) SINC/Z/THYT)
MdVIN pue gX-4N Jo uoneAnde AdVIN
[80T ‘20T]  seqom se ‘gT-T11 pueD-4N L JO UOISsaIdXd Paonpul-(SEN.L) PIJ. d1UOYNSBUSZUBGOULI PENGIYUL /0///1020 Yy Judlyeal] (1) SI1102 PadNPUI-SEAN.L Yim 891N (1) 10111020(1) a-dN
Aemuyred gx-4N Buirejnpow eIA s108)49 Juawiealy Ainfur o1iseb s Joy sonoiqold se asn enusiod sey ong-47A) ONG WUBLLIS SJIIEgoIRT(N)
AKemuped gX-4N JO UOIEANJEUI BIA UOIBLIWE[JUI-IIUE J3JU0D 0} 801w pan(u] o1se(A) [oTTl /8520 1N1)
118ux3l4’s Ag padnpul $8|NJajowW 39uaJIaype pue s1039844e Alojewwreljul-oid Buipoous sauab Jo uondiiosueay ayy payqiyul 9GA1)
1€62-MIHA) 113181 snjj1oeqooeti)
Aemyred Burjeubis gx-4N
[ uo Buipuadap 821w O OT-11 Ul SIN02 paligiyul pue s|j32 [eljayiida uewny uo asuodsal Aloyewwreljul passaiddns Laznas fin) aolw O OT-) 9971)
90T 'S0T
‘9L '16 ‘8] $]192 Z-09D) UI UOIRIBap DE1/UOIeIO|SURL §X-4N PRONPUI-D-4N L PaIGIYUI SI10IG0Ld-1) 2-00¢n-1) 21-d1() 4N
‘oo Krewwns spelgns $0110100 Id sfemyred

Shang and Sun

sonolgoad Jo S3j0J [RI0118USq 8 J0) SWSIUBYIBW Jejnds|oA

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Curr Med Chem. Author manuscript; available in PMC 2017 June 08.



Page 19

Shang and Sun

uononpoid 9-11 Yy Haiyur pue souejeq LTy L/(Bai1) 1 AlorenBal
ay1 anoudwi 01 anp Ajqeqoud sem snyiydoproeT 30 uonensiulwpe [edo Aq swoldwAs a161s)e Jofew yo uoissaiddns ay (1)

]apow
uas-ul-|nqojfoloe|-e1aq auinogll)

snjiydopioe snyjroeqoioe pa

asuodsal
[Tzt ‘28] sasuodsal []89 | Alore|nBas sasealoul pue SIj0d PaoNpUI-a1e4ns WNIPOS UBJIXap aulINW Sayenuale aAa/q winliaioeqopyld (1) S11109 PadnpuI-SSa aulniA((1) ana.q wnuislegqopyig (1) aunwiw|
UOIIRAIIOR BLIOSBWIWEIUI E4¥YTTN Juspuadapul-)SY JO uolenuaie pue wsifiauAs TAON
pue z4T1 Jo uonowold eIA sfewep 199 pue UoITeWWR|JUI PAdNPUI-1]0d T saleoljawe Juswieanald T-4o snsouweys -f) abewreq sO3INgG

pue UoleWWRU| PRINPU|-/02 BIyaLIayIsFin) T-Y9 snsoutueyl snjf1aeqooefin)
$H3| Ul Jauuew Jo1dadal
Juapuadap P-Yvdd Ing apusdapul A-Hwdd e Ul auab Jel4 Jo uoissaldxa ay) paonpul urens / Tey—1INJND srsouweys “K11) 62-LHN) uoJo1WOeIOIe}BY) Saplosaloeg(Il) _mm_o:_w_

Jay1o/

[e9 ‘e '1€] sAemyyed Aloyewiwreljul gx-4N 40 sistuoBeue [enusiod ‘Ayvdd Jo uonenbaidn ui synsal uopusAaiul £4#TSA(L) 3o1w oM 0T-11(1) e#1SA() -4vdd

sanoiqoid Jo 991Al)

3104 aAna0.d ay1 ysijoge Aew uonsjap YAA “AiAnde jeuondiosues) sl pue uoissaids uigold YA pasealoul 997 pud i) ’

301W _,_HAA Pue (SIIN/ITTLOH) SOHIII) 4t

Jopow asnow —/—QT 71 Y3 ul AlARSe pue uoissaidxe YA paeasoul #1SAI)
asnow smjod —/-oT (1) e#1SN1)
[66 a(Ho)se
‘56 ‘¢S ‘T€ ‘0¢€l BuneInaIIo JO S|ana] SeseaIoul ZHZ0E SINION Aainal T aAde-(HSd) 8sejoIpAy 1fes 8]1ga]iq yim uoneiuswsalddns [eiQ(1) uewnH(1) 2720€ QNION a2 7 (1) JAN/an
uondagul 9343 Ag uondnasip pue Aibisiul Jatiieq sy paloisal NOH!)

2-0%e11) NO#I)
Remyred sy 10 uoneINpoW eIA uoifial £1 8yl 01 T-OZ JO Uoneaojsues] paonpul 411 OMd
véIl/) g ()] /sd1L
uoissaldxa PIdVIN
[ozT-21T] Buipnjooo pue ‘7-0Z “Y3L srenaidn 03 ged-d paseaidsp pue My3-d pasesiout (INDIG) WNIPaL [euonIpuod spuejur e (1) 301w Jusrolep T-11°0T-11(1) snueurg (1) S
X Arewwns syelgns s2110100.d sRemyred

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Curr Med Chem. Author manuscript; available in PMC 2017 June 08.



	Abstract
	1. Introduction
	2. Vitamin D and VDR
	3. Vitamin D/VDR regulation of gut microbiome
	4. Probiotics in GI health and digestive diseases
	5. Molecular mechanisms of probiotics in GI diseases
	5.1. Probiotics in IBD
	1.1. Probiotics and colorectal cancer (CRC)
	1.2. Probiotics and gastritis
	1.3. Probiotics and liver disease
	1.4. Probiotics in immune responses
	2. Probiotic modulate vitamin D and VDR
	3. Conclusion, limits, and future Direction

	References
	Table 1

