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Abstract

Colorectal cancer (CRC) is one of most common causes of cancer-related death worldwide. Recent studies
have suggested that microbial and environmental factors including diet and lifestyle can impact on colon cancer
development. Vitamin D deficiency and dysfunction of vitamin D receptor (VDR) also correlate with colon
cancer. Moreover, leptin, a 16-kDa polypeptide, participates in the regulation of food intake and is associated
with other environmental factors affecting colon cancer through the leptin receptor. Altered levels of serum leptin
and patterns of expression of its receptor (LPR) may be observed in human colon tumours. Furthermore, the
collected data from in vitro and in vivo studies have indicated that consuming probiotic non-pathogenic lactic
acid bacteria have beneficial effects on colon cancer. Probiotics, inflammation and vitamin D/VDR have been
correlated with leptin and its receptor and are also with colon cancer. Thus, in this paper, we review recent

progress on the roles of probiotic, vitamin D/VDR and leptin/LPR in inflammation and colon cancer.
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Introduction

Colorectal cancer (CRC) is one of most common
causes of cancer-related death worldwide (Yu et al.,
2014). Recent studies have suggested that microbial and
some environmental factors including diet and lifestyle,
can induce colon cancer (Slattery et al.,2007). Moreover,
Imbalance between different species of gut bacteria
is assumed to be related with CRC risk factors such
as inflammatory bowel diseases (IBD) .Among other
environmental factors such as diet, Vitamin D is important
factor and regulates reaction to intestinal immune
responses, anti-inflammation, and cancer inhibition via
vitamin D receptor (VDR). Also, bacterial density and
growth effect on VDR expression (Lu et al.,2012). Leptin
polypeptide and leptin receptor (LPR) are other important
factor that participate in the regulation of food intake .
Leptin and LPR might be implicated in the modulation of
inflammation and CRC progression (Joshi and Lee, 2014).
There is growing evidence that nuclear hormone receptors
such as the vitamin D receptor, regulate the action of leptin
and also Leptin has been shown to reduce expression of
renal 25-hydroxyvitamin D (3)-1o-hydroxylase in mice
via the leptin receptor (Menendez et al., 2001; Leung,
2004; Matsunuma and Horiuchi, 2007).

Probiotics are beneficial non-pathogenic lactic acid
bacteria and have been consumed as food component
or supplement in the inhibition or treatment of some

diseases (Guarner and Malagelada, 2003). Inflammation
and overgrowth of pathogenic organisms within the
gastrointestinal tract, production of essential nutrients and/
or bioactive food components, and promotion of intestinal
immunity seriously might be associated with the risk of
developing neoplastic disease such as colon cancer (Davis
and Milner, 2009). Therefore, microbes may influence
multiple processes correlated with a change in cancer risk
and consequently removal of the inflammatory bacteria
by probiotic bacteria is one potential mechanism that
may modulate disease severity (O’mahony et al., 2001).
Consuming some probiotic such as Lactobacillus casei,
demonstrated inhibition effect on colorectal tumor growth
in patients (Ishikawa et al., 2005).

Energy balance, adiposity, inflammation and vitamin
D have been correlated with leptin and its receptor and
also are correlated with colon cancer (Slattery et al., 2003;
Slattery et al., 2008). In this current review, we will focus
on recent progress on the roles of vitamin D, leptin and
their receptors (VDR and LPR) in inflammatory and colon
cancer. Moreover, we will review the probiotic effect on
colon cancer and also two important related factors; VDR
and LPR (Figure 1).

Probiotics and Colon Cancer

CRC is a complex disease and a most common
worldwide cancer, and associated with advancing age
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Figure 1. Vitamin D Receptor (VDR), Leptin Receptor
(LPR) and Probiotic may be Critical Factors that
Directly Contribute to Colon Cancer. Moreover, these
factors can play a role on colon cancer through impacting on
gut flora and inflammation. Furthermore,, the collected data
from studies demonstrated that there is association among VDR,
LPR and probiotic. Thus, understanding molecular and genetic
association among them and colon cancer can have beneficial
effect on prevention and treatment of colon cancer

(Kumar et al., 2013). Genetic and environmental factors
are two main important factors for CRC occurrence (Zhu
et al., 2011). Mutations in tumor-suppressor genes such
as Adenomatous polyposis coli (APC), catenin (cadherin-
associated protein) beta 1, tumor protein p53 (CTNNBI,
p53) and oncogenes Kirsten rat sarcoma viral oncogene
homolog (KRAS), lead to initiating CRC (Fearon, 2011;
Abreu and Peek, 2014). Moreover, Recent studies have
suggested that microbial and environmental factors, such
as diet and lifestyle, can affect and induce colon cancer
(Slattery et al., 2007). Intestinal bacteria flora impact the
immune system, induce cell growth, supply key nutrients,
inhibit the growth of harmful microorganisms, modulate
energy metabolism, and protect against diseases. Some
bacteria such as Clostridium septicum, Streptococcus
infantariusetc have pathogens roles associated with colon
carcinoma in many case reports (Mirza et al., 2009; Lu et
al.,2012). Imbalance between different species of enteric
bacteria is assumed to be related with IBD and other CRC
risk factors (Lu et al., 2012). It is not clear which specific
microbes are particularly pathogenic and directly lead to
colorectal carcinogenesis. Identification of single type
of microbe among myriad of microbes that present in
the human colon and cause cancer, would be a challenge
because the intestinal microbiota change during disease
development and progression (Al-Jashamy et al., 2010;
Abreu and Peek, 2014).

The groups of microflora bacteria, as beneficial
bacteria, have useful function in human health. Probiotics
are beneficial non-pathogenic lactic acid bacteria and
have been consumed as food component or supplement
in the inhibition or treatment of some diseases (Davis
and Milner, 2009; Modarressi et al., 2014). Two famous
genera of beneficial bacteria involve bifidobacterium and
lactobacillus that have therapeutic and health benefits
including: (i) immune enhancement against intestinal
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infections; (ii) prevention of diarrhoeal diseases,
hypercholesterolaemia and upper gastrointestinal tract
diseases; (iii) improvement in lactose utilization; (iv)
stabilization of the gut mucosal barrier and (v)prevention
of colon cancer (Kailasapathy and Chin, 2000; Modarressi
et al., 2014; Srinarong et al., 2014). Preclinical studies
have demonstrated that consuming probiotics suppresses
and inhibits CRC via influencing innate immune pathways
and apoptosis, changing colonic motility and transit time,
modulating intestinal bacteria and their metabolism ,
inhibition of carcinogens and/or procarcinogens and
reducing oxidative stress (Zhu et al., 2011; Lee et al.,
2013; Modarressi et al., 2014). A previous in vitro study
demonstrated that Bacillus polyfermenticus SCD inhibited
the growth of Caco-2 cells in a dose dependent manner
(Lee et al., 2007). Moreover, anticancer activity of
Bifidobacterium adolescentis SPM0212 was observed on
proliferation of three human colon cancer cell lines: HT-29,
SW 480, and Caco-2. Furthermore, in vivo studies showed
that daily oral administration of the microencapsulated
Lactobacillus acidophilus caused significant suppression
of colon tumor incidence, tumor multiplicity, and reduced
tumor size in 1, 2-dimethylhydrazine (DMH)-induced
colon cancer in BALB/c mice and cellular apoptosis
increased during the treatment (Urbanska et al., 2009;
Zhu et al., 2011). Despite these laboratory-based studies,
only a limited number of clinical trials have operated to
evaluate the probiotics roles in suppressing CRC (Abreu
and Peek, 2014). Lactobacillus species are the most
usually applied probiotics in clinical trials. For example,
Lactobacillus johnsonii decreased the concentration of
Enterobacters and modulated intestinal immune response
in CRC patients, whereas Bifidobacterium longum did not
have any influence (Gianotti et al.,2010; Abreu and Peek,
2014). In another study, after 2-4 years of Lactobacillus
casei consuming, suppression of colorectal tumor
growth in patients was observed (Ishikawa et al., 2005).
in addition, different probiotic bacteria have different
effects and for this reason, specific signaling pathways
of probiotic bacterial strains must be evaluated separately
(O’mahony et al., 2001).

Nuclear Receptor Superfamily and VDR

The nuclear receptors (NRs) are a family of transcription
factors that bind and respond to certain signaling
molecules such as vitamin D3 and thyroid hormone. In
recent years, newly recognized and more diverse ligands
such as phospholipids and heme have been identified for
the nuclear receptors (Sonoda et al., 2008; McEwan, 2009;
Huang et al., 2010). NR superfamily can be divided into
3 groups according to ligand affinities. The first group of
receptors, e.g. sex steroid and thyroid hormone receptors,
vitamin D receptor (VDR), retinoic acid and retinoid X
receptors binds to specific ligands with high affinity. The
second group of receptors such as PPAR, liver X receptors
and farnesoid X receptor bind to specific compounds such
as PUFA and bile acids. Finally, orphan receptors group
that no functional ligand-binding domain or no ligands
have been identified as yet (Kotnis et al., 2005; Thorne
and Campbell, 2008). The common structure of nuclear
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receptors includes DNA-binding domain (DBD), ligand-
binding domain (LBD) and cofactor interactions. The
variable region, termed as hinge region, link DBD to LBD.
The DBD recognizes specific response elements (RE) in
the enhancer-promoter regions of target genes (Collins et
al.,2005; Reya and Clevers, 2005; Thorne and Campbell,
2008; Huang et al., 2010). Most receptors specially make
homo- or heterodimer complexes with other receptors
.For example; retinoid X receptor forms heterodimer
complexes with VDR, PPAR, liver X receptors and
farnesoid X receptor (Thorne and Campbell, 2008; Patel et
al.,2012). The binding of physiological ligands to nuclear
receptors act simply as molecular messengers signaling
and effect on body’s physiological states. In the first step,
these ligands diffuse in cells through specific signaling
pathway and bind to LBD of NRs. In the second step, the
ligand binding inside the LBD, leads to allosteric changes
on the receptor surface. Finally, DNA response elements
cause the physiological responses to ligands into an
accurate genetic program (Hardwick et al., 2001; Huang
etal.,2010). Identification of ligands with gene-selective
actions and also impacting of these ligands on disease
outcomes through a narrow subset of target genes has
been the major challenge due to multitude of genes under
the control of a single receptor (Mencarelli et al., 2011).

Vitamin D3 with important biological effects is
synthesized in human skin with sunlight energy; and
biological effects of vitamin D3, especially active form
1,25-dihydroxy vitamin D (1,25(OH)2D3), the mostly are
mediated by VDR. Vitamin D3 has important functions
such as modulation of calcium homeostasis and regulation
of blood pressure, metabolic syndrome, and inflammation
(Lu et al., 2012; Yu et al., 2014). In human, VDR gene
locates on the chromosome 12 and has high expression
in metabolic tissues including skin, kidney, intestine, and
thyroid gland, and moderately expression almost in all
other tissues. Vitamin D3 binds to the VDR and then forms
VDR and retinoid X receptor heterodimer complex that
binds cooperatively to vitamin D responsive elements and
regulates the transcription of target genes (Ramagopalan
et al., 2010; Patel et al., 2012). Many vitamin D target
genes such as p21,p27,and e-cadherin have been found to
control cell cycle arrest and cell differentiation. Therefore,
it has been proposed that 1025 (OH2) D3 through the
VDR and up-regulating the above genes, can possibly be
used for therapeutic cancer (Patel et al., 2012; Stubbins
etal., 2012).

Vitamin D, VDR and Inflammation-related
Colon Cancer

Imbalance between different species of enteric bacteria
is assumed to be related with IBD or CRC risk factors.
CRC increase in patients with long-term IBD and is
accounts for 20% of IBD-related mortality (Basseri et al.,
2011; Lu et al., 2012). Vitamin D/VDR controls reaction
to intestinal immune responses, anti-inflammation, and
cancer inhibition but the function of vitamin D/VDR
in regulating bacterial flora in tumorigenesis remains
unidentified. Moreover, microorganism infection can
disable or downregulate the activity of VDR in related
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signaling pathway. For example, Borrelia burgdorferi was
reported with reduction VDR expression in monocytes
and Shigella infection limits the gene transcription ability
of VDR by upregulation caspases (Suzuki et al., 2007;
Kaji et al., 2010; Lu et al., 2012). Other study showed
that commensal and pathogenic bacteria directly control
expression of VDR in colonic epithelial. Furthermore,
bacterial density and growth effect on VDR expression and
its expression is higher in the proximal colon than in the
distal colon (Wuetal.,2010; Lu et al.,2012). Furthermore,
vitamin D/VDR has a function for intestinal homeostasis
and host protection from infection and also has a target
genes of VDR such as enzyme Cyp24 and antimicrobial
peptides (AMP) such as cathelicidin and 3 defensin.
When the immune system is faced with pathogens,
transforming growth factor 3 (TGF-P) and interferon
gamma (IFN-vy) are released and consequently, VDR is
activated to express more cathelicidin and defensin that
regulate the composition of bacterial flora. Furthermore,
VDR is related with toll-like receptors (TLRs), which
invoke the immune system for recognition bacteria
(Carlberg and Dunlop, 2006; Schauber et al., 2007;
Lu et al., 2012). Decreased vitamin D/VDR levels and
change number and diversity of gut bacteria will promote
inflammation and allergen sensitization (Weiss, 2011).
Vitamin D directly modulates the T-cell receptor (TCR),
and also downregulates the expression of proinflammatory
cytokines. Moreover, vitamin D regulate function of
autophagy and different immune cells containing T cells,
B cells, macrophages, dendritic cells, and epithelial cells
(Sun, 2010; Wu and Sun, 2011). Vitamin D pathway is
participant in innate immune system that is the body’s
first line of defense against bacterial pathogens (Lu et al.,
2012). Moreover; VDR plays a crucial role in adaptive
immune pathways and also primary target genes of vitamin
D encode cytokines IL-2,IL-10, and IL-12B (Matilainen et
al.,2010). Deficiency of 1,25(OH) 2D3 has been observed
in patients with IBD and also the presence of 1, 25(OH)
2D3 in animal models inhibited the progress of IBD
(Sentongo et al., 2002; Abreu et al., 2004; Yoon and Sun,
2011). Polymorphisms in the VDR gene and expression
are associated with status of IBD and development of
colitis (Wada et al., 2009; Rasool et al., 2013; Yu et al.,
2014). VDR dysfunction causes a reduction in innate
immune activity and increases sensivity to additional
infections that contribute to inflammation progression. So,
survey the associations between VDR, bacterial infection,
and colitis-associated colon cancer can be helpful and
main challenge (Lu et al., 2012).

Vitamin D, VDR and Colon Cancer

Recent epidemiological and experimental studies
demonstrate that vitamin D deficiency associate with a
large variety of human diseases, and especially with the
high risk of colorectal cancer. Dysfunction of VDR and
vitamin D3 deficiency can lead to poor bone development
and health, increase the risk of many chronic diseases,
such as rheumatoid arthritis, type 1 diabetes, inflammatory
bowel diseases (IBD), infectious diseases, and cancer
(Holick, 2010; Wu and Sun, 2011; Lu et al., 2012;
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Akinci et al., 2014). Serum vitamin D3 levels, and VDR
expression at mRNA and protein levels is significantly
decreased in IBD patients (Abreu et al., 2004; Wada et al.,
2009). Ulcerative colitis is a form of IBD and the study
demonstrated that VDR expression in ulcerative colitis
patients with CRC is lower than non-colon cancer patients
(Wada et al., 2009). To sum up, the above data suggested
that the VDR can play important role on CRC through its
association and effect with IBD.

1,25(0OH) 2D3 controls the detoxification metabolism,
sensitises cells to apoptosis and inhibits the proliferation
of cultured human colon carcinoma cells by regulating
the expression of many genes via several mechanisms.
Activation of VDR by vitamin D3 can prevent tumor
cell proliferation by promoting differentiation in different
cancer cell lines .Tumor cells don’t be able to synthesize
the active form of vitamin D and thus fail to respond for
VDR-mediated vitamin D effects (Samuel and Sitrin,
2008; Akinci et al., 2014). Moreover, animal study
results showed that 1, 25(OH) 2D3 and several of its
analogues decrease intestinal tumorigenesis in animal
models and sensitivity to carcinogen treatment increase
in VDR knock-out mice (Zinser et al., 2005; Pereira
et al., 2012). Another animal study demonstrated that
VDR may have a suppressive role in intestinal tumor
growth through inhibition of -catenin activity (Zheng
et al., 2012). Moreover, vitamin D inhibit the paracrine/
autocrine growth at the early stage of tumor progression
and thus, high VDR expression has been reported in early
stage of colorectal tumor progression (Bouillon et al.,
2008). However, VDR expression is lost during tumor
dedifferentiation because of VDR transcriptional repressor
upregulation, SNAIL1, in this stage (Pendas-Franco et al.,
2008). Many vitamin D target genes such as p21,p27, and
e-cadherin have been found to control cell cycle arrest and
cell differentiation (Palmer et al., 2001; Stubbins et al.,
2012). Therefore, it has been proposed that 125 (OH2)
D3 through the VDR and up-regulating the above genes,
can possibly be used for therapeutic cancer (Palmer et al.,
2001; Stubbins et al., 2012).

LPR and Colon Cancer

Leptin, 16-kDa polypeptide, participate in the
regulation of food intake and exerts its histological action
through the leptin receptor. Leptin receptors ,the same
as IL-6 ,are members of the pro-inflammatory cytokine
receptor class I superfamily and are involved in regulation
serum leptin concentration acting as a carrier protein
.Moreover, Leptin receptors expression are observed
in normal colon epithelial cells of human subjects
(Drew, 2012; Joshi and Lee, 2014). Leptin has been
associated with obesity, regulation of energy homeostasis,
reproductive factors, bone remodeling, insulin signaling,
inflammatory response, and neuroendocrine function
(Slattery et al., 2008). Studies have demonstrated that
leptin also can induce expression of the inflammatory
marker CRP (C-reactive protein) (Shamsuzzaman et al.,
2004). There is growing evidence that nuclear hormone
receptors such as the vitamin D receptor, regulate the
action of leptin and other class I cytokines , and also
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vitamin D3 inhibit leptin secretion in human adipose
tissue (Menendez et al., 2001; Leung, 2004). Moreover,
Leptin has been shown to reduce expression of renal
25-hydroxyvitamin D (3)-1a-hydroxylase in mice via
the leptin receptor (Matsunuma and Horiuchi, 2007).
Leptin binds to the leptin receptor, and activate a
tyrosine kinase such as Janus kinase (JAK2) to initiate
downstream signaling of suppressors of cytokine signaling
1 and 3 (SOCS) and signal transducer and activator of
transcription-3 (STAT). SOCS limits insulin signaling and
also SOCS3 limit leptin signaling, and this association
between leptin and SOCS is importance for cancer
(Ahima and Osei, 2004; Slattery et al., 2008). Moreover,
activation of major mitogenic signal transduction pathway
elements, extracellular-signal-regulated kinase and Src/
phosphoinositide 3-kinase/protein kinase B are some other
signal transduction pathway that associated with colon
cancer and LPR (Drew, 2012).

Leptin can act as a growth factor promoting
angiogenesis, and anti-apoptotic tumorigenic on different
cancer cell lines (Endo et al., 2011; Mencarelli et al.,
2011). Leptin expression may regulate the proliferation
and invasiveness of tumors in gastric cancer, pituitary
adenomas and breast cancer (Tutino et al., 2011).
Enhanced expression of leptin and its tissue receptor
were also correlated with hematogeneous metastasis or
recurrence in distant organs and also increase invasiveness
of pituitary adenomas tumors (Isono et al., 2003; Ishikawa
et al., 2004). Adipose tissue dysfunction probably have
a function role in the growth of CRC (Endo et al., 2011).
According to critical role of leptin in cell proliferation,
the hypothesis was suggested that leptin and its receptor
might be implicated in the modulation of CRC progression
and invasion (Tutino et al., 2011). Collected data from
other studies demonstrated that polymorphisms in the
leptin and LPR gene associate with obesity and cancer
(Mu et al., 2014). The study demonstrated that the LPR is
expressed in human colon cancer cells lines .The another
study showed that expression of leptin and its receptor
associate with grade of tumor differentiation, depth of
bowel wall invasion, and distant metastasis in CRC
patients. This study also recommended that the binding
of leptin to its receptor enhance the proliferation of CRC
(Joshi and Lee, 2014). Moreover, high circulating levels
of LPR in patients is correlated with advanced stage of
CRC (Hui et al., 2011; Tutino et al., 2011). The in vitro
studies demonstrated that leptin induced cell proliferation
and accompanying DNA synthesis in HT-29 and CACO-2
cell lines (Aparicio et al., 2005). Leptin is also observed
to prevent apoptosis in human colon cancer cells through
processes associated with extracellular-signal-regulated
kinase, p38 mitogen- activated protein kinase activation
and nuclear translocation of NF-kB (Hoda et al., 2007,
Drew, 2012). Animal studies provide evidence that
leptin stimulates proliferation of colon cells and could
potentially increase sensitivity to two colon carcinogens,
azoxymethane and N-methylnitrosourea (Bartucci et
al., 2010). Recent animal study reports that leptin plays
a role in obesity-related cancer and increases colon
tumour growth in obesity subsequent to the initiation
of colon cancer. Leptin receptor expression increased in



DOI:http:/ldx.doi.org/10.7314/APJCP.2015.16.9.3621

Probiotic Bacteria Interction with VDR and LPR and Effects on Colon Cancer

azoxymethane-treated mice and subsequently observed
differences in tumour growth in colon tumours (Bartucci
et al., 2010). Furthermore, the results of clinical studies
demonstrated that altered patterns of leptin receptors
expression were revealed in human colon tumours and
LPR overexpression has been associated with better
prognosis ,increased age, proximally located tumours,
high levels of microsatellite instability and lymphocyte
infiltration (Aloulou et al., 2008; Drew, 2012). Some
clinical studies report decrease serum leptin in colon
cancer patients, while others show that increased serum
leptin is related to incidence of colon cancer in men, but
not in women (Bolukbas et al., 2004; Kumor et al., 2009;
Drew, 2012). Salageanu and his colleagues (2010) also
report that serum leptin decrease in colon cancer patients
and that levels decreased with tumour development
and aggressiveness (Sdldgeanu, 2010). Furthermore, A
more recent report failed to reveal significant alterations
in serum leptin in colon cancer patients and controls
(Uchiyama et al., 2011).

Probiotic Effects on VDR and LPR

According to above research results and explanations,
in this part, we focused on probiotics effects on VDR and
LPR, but there is a paucity of data on this field .Probiotic
induced the modulation of anti-inflammatory VDR
signaling in colitis but its mechanism remains virtually
unknown. Recent studies show that in VDR—/— mice have
been induced bacterial loading in the intestine and also
stimulation of both commensal and pathogenic bacterial
(Lagishetty et al., 2010; Wu et al., 2010). In the IL10—/—
colitis model was demonstrated that probiotic VSL3# was
associated with NR signaling pathway (Reiff et al., 2009;
Yoon and Sun, 2011). The data collected from other study
demonstrated probiotic treatment is able to increase VDR
expression and activity in the host. Moreover, in vitro
study show that treatment with Lactobacillus plantarum
was leaded to a concomitant increase in VDR expression
and cathelicidin mRNA (Yoon et al., 2011). In addition,
intestinal VDR increased significantly after probiotic
colonization in probiotic monoassociated pig model
compared to the ex-germ-free pig (Yoon and Sun, 2011).
in spite of that, probiotics did not inhibit inflammation
in mice lacking VDR (Yoon and Sun, 2011). According
to mentioned above, restoring vitamin D/VDR signaling
may increase the host’s ability to modulate inflammation
in IBD and CRC patients (Lu et al., 2012). Moreover,
leptin and LPR has been associated with inflammatory
response and concentration of microflora bacteria (Slattery
etal.,2008). Although the study demonstrated that VSL#3
attenuates leptin production from mesenteric adipose
tissue and creeping fat ,but considerable preclinical and
clinical studies did not operate with probiotic effect on
LPR (Mencarelli et al., 2011). Therefore, it seems that
probiotic effect on LPR should be evaluated in preclinical
and clinical studies in future. To sum up, understanding
VDR’s and LPR’s contribution to probiotic induced
anti-inflammation may provide significant insight in
development of novel treatments in colitis-associated
colon cancer and CRC.
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Conclusion and Future Directions

Colorectal cancer (CRC) is one of most common
causes of cancer-related death worldwide (Mencarelli et
al.,2011). Recent studies have suggested that microbial and
some environmental factors including diet and lifestyle,
can induce colon cancer (Slattery et al.,2007). Imbalance
between different species of gut bacteria is assumed to be
related with CRC risk factors such as inflammatory bowel
diseases (IBD) (Lu et al., 2012). Probiotics are beneficial
non-pathogenic lactic acid bacteria and modulate intestinal
bacteria and their metabolism. The collected data from
in vitro and in vivo studies demonstrated that consuming
probiotic has a beneficial effect on colon cancer.
Moreover, VDR can play important role on CRC through
its association and effect with IBD and colon cancer
signaling pathway. There are limited genetic and clinical
data in humans about vitamin D roles on colon cancer
but this limited data suggest that vitamin D is protective
against colon cancer. Beside this, leptin and LPR can
act as a growth factor promoting angiogenesis, and anti-
apoptotic tumorigenic on different cancer cell lines such
as colon cancer (Endo et al.,2011; Mencarelli et al.,2011).
Moreover, energy balance, adiposity, inflammation and
vitamin D have been correlated with leptin and its receptor
and are also correlated with colon cancer (Slattery et al.,
2003; Slattery et al.,2008). The above data suggested that
understanding VDR’s and LPR’s contribution to probiotic
induced anti-inflammation may provide significant insight
in development of novel treatments in colitis-associated
colon cancer and especially CRC. Thus, evaluation of the
probiotic effect on colon cancer and also two important
related factors; VDR and LPR, can be helpful and have
beneficial effect on prevention and treatment of colon
cancer. To sum up, these collected data show that limited
preclinical and clinical studies operated in this field and
molecular, genetic and clinical data in humans are scarce,
thus future research on novel mechanisms of probiotics
action on VDR and LPR is needed.
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