
Citation: Prendecka-Wróbel, M.;
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Abstract: Colorectal cancer is a diet-related cancer. There is much research into the effects of nutrients
on the prevention, modulation, and treatment of colorectal cancer. Researchers are trying to find
a correlation between epidemiological observations indicating certain dietary components as the
originator in the process of developing colorectal cancer, such as a diet rich in saturated animal fats,
and dietary components that could eliminate the impact of harmful elements of the daily nutritional
routine, i.e., substances such as polyunsaturated fatty acids, curcumin, or resveratrol. Nevertheless, it
is very important to understand the mechanisms underlying how food works on cancer cells. In this
case, microRNA (miRNA) seems to be a very significant research target. MiRNAs participate in many
biological processes connected to carcinogenesis, progression, and metastasis. However, this is a field
with development prospects ahead. In this paper, we review the most significant and well-studied
food ingredients and their effects on various miRNAs involved in colorectal cancer.

Keywords: miRNA; colon cancer; diet

1. Introduction

Cancer is a genetic disease [1]. The process of oncogenesis is initiated by gene muta-
tions [2]. These mutations usually affect the somatic cells of the body but can also occur in
the cells of germinal lines, which are responsible for the occurrence of family neoplasms [3].
One mutation is inadequate for the development of neoplastic disease; it is caused by
mutations in at least several genes. Several groups of genes responsible for the formation
of cancer have been distinguished: proto-oncogenes, suppressor genes, and genes related
to apoptosis [4]. Among the factors associated with the formation of neoplasms, miRNA
is also mentioned [3]. Modifications of miRNA expression are important in the process
of carcinogenesis, including colorectal cancer (CRC); therefore, they become therapeutic
targets. Thus, it may be possible to manipulate miRNAs to improve cases of resistance to
radio and chemotherapy [5].

After lung and breast cancer, colorectal cancer is currently the third most frequently
diagnosed cancer in the world. Annual mortality is around 900,000, making it the fourth
deadliest cancer in the world. High morbidity and mortality is associated with factors
such as an aging society and unhealthy eating habits, in addition to smoking, a sedentary
lifestyle, and obesity. Modern medicine has a wide range of treatments, including surgical
and endoscopic methods, radiotherapy, and systemic treatment based on cytostatic drugs,
targeted therapy, and immunotherapy. Due to modern treatment, it is possible to extend
the survival of patients with colorectal cancer, which in the case of advanced disease is only
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about 3 years, but more effective therapeutic options are still being sought [6]. The risk of
developing colorectal cancer is strongly related to eating habits. Increased cancer risk is
associated with excessive consumption of animal fats [7]. A large amount of animal fats
is associated with the development of a specific bacterial flora that is responsible for the
breakdown of bile salts and leads to the formation of carcinogenic compounds [8]. High-fat
meals cause the release of bile acids, which, when passed into the colon by the action of
the intestinal microflora, are transformed into secondary bile acids such as deoxycholic
acid (DCA), which are de facto toxic compounds for the genome [9]. The research results
also show that the use of probiotics contributing to the maintenance of normal intestinal
flora reduces the risk of cancer development [10]. Western diets are also characterized by
high consumption of red meat, which also increases cancer risk [8]. Increased incidence of
colorectal cancer caused by the consumption of red meat may be related to the presence of
a large amount of iron in the form of heme [11]. Compounds such as polycyclic aromatic
hydrocarbons or heterocyclic amines also exhibit carcinogenic properties. Many of these
components are identified in some meat dishes cooked at high temperatures [11]. Some
studies also show an increased risk of colorectal cancer in people whose diets were poor in
fruit and vegetables [12]. Colcock et al. confirmed that an increased amount of dietary fiber
is a factor in reducing the risk of colorectal cancer [13].

Currently, attention is given to microRNAs as being very important in various tumor
signaling pathways related to the quality and quantity of individual dietary components.
RNAs are short (~22 nucleotides in length), single-stranded, and non-coding acids that
regulate post-transcriptional gene expression and are termed microRNAs [14]. The action
of microRNA is based on binding with high or low complementarity to the 3′-UTR (3′

untranslated regions of messenger RNAs) regions of untranslated mRNA, resulting in
inhibition of this process or degradation [14]. MiRNA molecules take part in the formation
of neoplasms from initiation through to promotion and progression, thus affecting the
processes of multiplication, differentiation, and metastasis [15].

1.1. Biogenesis of miRNA

The cell nucleus is the miRNA synthesis site where the miRNA is transcribed by
RNA polymerase II into the primary pri-miRNA transcript. It is shaped like a hairpin
and ranges in length from hundreds to thousands of nucleotides [16]. The next steps lead
to the formation of regulatory miRNAs. In the initial stage, the so-called pri-miRNA is
transformed into smaller units, about 70 nucleotides, which we refer to as pre-miRNA. This
is carried out via the microprocessor complex, which consists of DGCR8 (the critical region
of the DiGeorge 8 complex) and Drosh RNA polymerase III (DROSHA) [17,18]. In the
next step, Exportin 5 (XPO5) transfers the pre-miRNA through special pores in the nuclear
membrane into the cytoplasmic space [19,20]. In the cytoplasm, the pre-miRNA is processed
by DICER (RNase motif helicase), resulting in a mature miRNA 21–23 nucleotides long [16].
The binding of DICER1 to the end of the pre-miRNA positions its two catalytic RNase III
domains such that the asymmetric cleavage of the dsRNA core, near the terminal loop
sequence, yields a mature miRNA duplex. DICER1 binds to the transactivation responsive
RNA-binding protein (TRBP). TRBP increases the accuracy of pre-miRNA cleavage via
DICER1 in a structure-dependent manner and alters the miRNA targeting strand selection
by triggering isomiRNA formation [21,22]. TRBP is also a kind of link between DICER1
and Argonaute proteins (AGO1, AGO2, AGO3, andAGO4) to allow the assembly of the
miRNA-induced silencing complex (miRISC) [23]. This process takes place in processing
bodies (P-bodies), which are the cytoplasmic foci that are induced by mRNA silencing and
decay but are not necessarily required for miRNA-mediated gene silencing [24,25]. The
mechanism of miRNA biogenesis is presented in Figure 1.
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1.2. miRNA and Colon Cancer

The discovery of miRNAs completely changed the possibilities and tools in the diag-
nosis, prognosis, and treatment of a few cancers, including colorectal cancer. By acting on a
suppressor gene, for example, microRNAs are involved in all steps leading to CRC develop-
ment and progression [26,27]. The process of regulating microRNA transcription is complex
and diverse, hence the complexity and variability of altered miRNA expression in the CRC.
Incorrect miRNA transcription in CRC may therefore be the result of transcription factors
that are activated by a variety of oncogenic signaling cascades because of genome ampli-
fication/loss, genotoxic stress, or inflammatory stimuli. The miRNA expression of CRC
cell lines (in vitro studies) is regulated by DNA methylation as Suzuki et al. reported [28].
Various miRNAs, which include let-7, miR-34, miR-342, miR-345, miR-9,20 miR-129, and
miR-137, are frequently hypermethylated in colon tumors, and this is thought to lead to
their reduced expression [29–32]. An example of more global epigenetic regulation in CRC
is miR-143, a tumor suppressor microRNA that directly targets DNA methyltransferase 3A
(DNMT3A). In this case, loss of miR-143 expression leads to an increase in DNMT3A in
CRC tissues [33]. Likewise, loss of miR-342 leads to an increase in DNA methyltransferase
1 (DNMT1), which in turn leads to hypermethylation of several tumor suppressor genes in
CRC [34]. The studies of Zhang et al. show that the induction of apoptosis via inhibition
of BCL-2 is affected by the upregulation of miR-148a in CRC, while downregulation is
associated with an increase in tumor size [35], whereas reduced expression of miR-34a and
miR-200c is associated with metastases in CRC [36,37]. Interesting results were obtained
by Lujambio et al., who identified that cancer-specific hypermethylation of CpG lets in a
promoter change transcribed with miR-148a, miR-34b/c, miR-9, and miR-34a [38]. They
found that the above change also influenced the invasion and metastasis of colorectal
cancer in combination with IL-6R, ZNF281, MET, zinc finger of the snail family 1 and
2 (SNAI1, SNAI2), and β-catenin (CTNNB1) [36,39–41]. Aslam et al. report important
proteins involved in key CRC signaling pathways, such as Wnt/β-catenin, phosphatidyli-
nositol 3-kinase (PI3K), KRAS, and tumor protein 53 (p53), which are affected by miRNA
expression, indicating a relationship between miRNAs and the development of colorectal
cancer [42]. An example is the EGFR/MAPK activation process via downregulating KRAS
strongly associated with let-7, miR-18a*, and miR-143 [43,44]. It should be added that
miR-126 activates the PI3K pathway [45] while upregulation of miR-21 leads to inhibition
of PI3K [46], which in turn leads to increased viability, proliferation, and the beginning
of angiogenesis. This type of cancer is particularly difficult to treat, which, in addition to
numerous side effects, can cause resistance to chemotherapy. As is known, miRNAs are
involved in progression and therefore can be treated as therapeutic targets [47].

Due to the ability of miRNAs to target multiple genes, these particles have become
promising candidates for research into cancer therapeutics, including colorectal cancer.
The role of miRNA expression in the development and diagnosis of colorectal cancer
is thoroughly described, in addition to various operating algorithms in miRNA gene
therapy [48].

A very interesting issue in the case of colorectal cancer is the importance of nutritional
choices based on specific dietary components that can modulate miRNA expression, thereby
preventing or even treating this type of cancer.

1.3. Effect of Diet on miRNAs in Colorectal Cancer

For thousands of years, people have been experimenting with diet and different com-
binations of ingredients to alleviate symptoms or even treat disease. To quote Hippocrates:
“Your food should be medicine and your medicine should be food”. It is known that food
ingredients from various sources, for example, fruits and berries, cruciferous vegetables,
and soybeans, can directly affect enzyme activity or alter the expression of enzymes in-
volved in epigenetic gene regulation [49]. Discovering the relationship of individual food
components to specific miRNAs, one can explain why food can act as a medicine. In the
following sections, we present selected dietary components that correlate with various
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miRNAs in the prevention, treatment, chemoprevention, metastasis, and prognosis of
colorectal cancer.

1.3.1. Grape Seed Extract

Various production processes result in the formation of so-called by-products. One
such by-product is grape seed extract (GSE), which is formed during the production of
grape juice and wine. Proanthocyanidins are the most important component of grape
seed extract. These compounds belong to the flavonoids, and they consist of mixtures of
di-tri- and oligo-catechins and epicatechins [50]. Common knowledge about the salutary
antioxidant activity of GSE directed researchers’ interest toward the mechanisms of action
of this group of compounds. In an experiment by the team of Derry et al., mice with
colon tumors were fed GSE for a long time. The researchers conducted an experiment in
which mice were treated with GSE for 18 and 28 weeks at doses of 0.25% and 0.5%. The
obtained results show that miR-19a, miR-20a, and let-7a were increased while miR-196a and
miR-205 were reduced. GSE inhibits NF-κB activation and causes a significant reduction
in colon tumor size in a dose-dependent manner [51]. The same authors also conclude
that the upregulation of miR-19a, NF-κB, and miR-20a targets the HIF-1α pathway and its
downregulation targets vascular endothelial growth factor (VEGF) [51]. The metastasis
process is closely related to the production of blood vessels (angiogenesis), which in
turn is regulated by VEGF. In the same study, Derry et al. report that miR-205, which is
downregulated by GSE, also targets VEGF and is also known to interact with both the
MAPK and NOTCH pathways [51]. Thus, miR-135b targets APC, which is a regulator of
β-catenin. In this way, miR-135b levels decrease, which results in degradation of β-catenin
levels [51,52]. The NF-κB pathway, which is a key pathway of proinflammatory signaling, is
related to tumor progression [53]. Therefore, lowering the activity of this pathway causes a
decrease in inflammatory markers in CRC such as iNOS, COX-2, and VEGF [51]. Therefore,
the regulation of many miRNAs influences the anti-inflammatory and antitumor activity of
GSE, and the fact that the cited studies were conducted on mice fed with the preparation
speaks in favor of the use of GSE, which suggests the ease of use of such substances.

1.3.2. Resveratrol

After GSE, another valuable compound that can be obtained from grapes is resveratrol.
Resveratrol is a polyphenol that is found mainly in the skin of grapes, raspberries, mul-
berries, and blueberries. It is well known that this group of compounds exerts pro-health
effects mainly due to their antioxidant potential. Its activity on miRNAs in colorectal
cancer was demonstrated in several experiments. Very interesting results were obtained by
Tili et al. [54]. They treated SW480 colon cancer cells with 50 µM resveratrol for 14 h and
found blocking of the expression of several oncogenic miRNAs, such as miR-21, which are
induced in chronic inflammation. They report that the expression of the tumor suppressor
miRNA, miR-663, is significantly higher in cancer cells in comparison to its expression in
untreated cells [54]. Researchers also noticed that the use of resveratrol in the treatment
of colon cancer cells led to a reduction in TGFβ1 and its downstream effector SMAD3, as
explained by the action of miR-663 on TGFβ1 transcripts [54]. The target gene for miR-96 is
KRAS, and this pathway is important in CRC as resveratrol has antitumor activity on it. In
turn, the operation of KRAS is based on the triggering of signaling via Erk and Akt kinases,
and thus enzymes related to multiplication and viability [55]. In their research, Saud et al.
found that the action of resveratrol increased the levels of miR-96 in mice with colorectal
cancer and this in turn led to a reduction in KRAS levels [56]. Two other targets of interest
include the upregulation of miR-101b and miR-455, which in turn leads to decreased levels
of IL-6 and TNF-α, which are proinflammatory proteins known to be colon cancer promot-
ers [57,58]. In the work of Tili et al., another interesting function of resveratrol, namely
its ability to upregulate miR-663, tsmiR, which targets TGFβ1 transcripts in SW480 cells,
can be noticed [54]. Since TGFβ1 acts as a tumor promoter in late-stage tumorigenesis by
increasing angiogenesis and metastasis, lowering the level of TGFβ1 leads to inhibition
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of cancer cell proliferation. Moreover, resveratrol increases the level of miR-34a in DLD-1
and SW480 cells [59]. In another experiment, Kumazaki et al. showed that resveratrol
inhibited the growth of human colon cancer cells by upregulating miR-34a, which in turn
lowered the levels of the E2F3 and Sirt1 genes [59]. These reports allow us to conclude that
because resveratrol exhibits anti-inflammatory and anti-cancer properties, this fact can be
associated with its antioxidant properties [60].

1.3.3. Curcumin

Curcumin is a polyphenol extracted from the Curcuma longa plant in 1815, which
receives interest from scientists for its biological effects. The popular name “Indian saffron”
is the term used for this rhizome, from which the polyphenolic compound curcumin is
obtained [61]. It is well known for its antioxidant, anti-inflammatory, antimicrobial, and
antiviral properties. Among these activities of curcumin, the most interesting is its anti-
cancer potential, which has been extensively researched. Curcumin, in addition to its typical
anti-cancer effect, is related to the fact that it reduces inflammation, i.e., it was shown to
induce ROS-dependent downregulation of miR-17-5p, miR-20a, and miR-27a. The above
miRNAs target the zinc finger and BTB domain with the proteins ZBTB4 and ZBTB10 [62].
In the above-mentioned study, it was found that curcumin was responsible for increasing
the level of reactive oxygen species (ROS) in the cell and, at the same time, inducing
miR-17-5p, miR-20a, and miR-27a downregulation. Furthermore, under the influence of
glutathione (GSH), which is an inhibitor of ROS, levels of miRNA expression stabilized,
which indicates the role of ROS in the downregulation of miRNA-17-5p, miR-20a, and
miR-27a [62]. Another study demonstrated an inhibitory effect of curcumin on the canonical
Wnt/β-catenin pathway by downregulating miRNA-130a in SW480 CRC cells [63]. As is
reported, this pathway is involved in the growth and proliferation of cells when it is active,
and the accumulation of β-catenin is often a characteristic feature of neoplastic cells [64].
When SW480 cells are treated with curcumin, inhibition of their proliferation and decreased
levels of β-catenin can be found. In their research, Dou et al. showed that when miR-130a
is overexpressed in curcumin-treated SW480 cells, cell proliferation and β-catenin levels
are restored, showing that miR-130a is responsible for these changes [63].

1.3.4. Quercetin

Quercetin is a very interesting chemical in the context of anti-cancer activity. It is
a flavonoid found in many plants and food products, such as green tea, apples, onions,
and red wine, and is important in preventing tumor formation in the large intestine due
to its anti-inflammatory effects and pro-apoptotic mechanisms. Interesting results on
the activity of quercitin are described by Noratto et al. They report that the flavonols
of the Yampon fraction (Ilex vomitoria) containing quercetin increased the expression
of miR-146a by acting on colon cancer cells [65]. Based on this finding, it is possible to
explain to some extent the anti-inflammatory effects of quercetin through the reduction in
NF-κB levels by miR-146a. Moreover, in HT-29 colon cancer cells, quercetin–resveratrol
combination treatment reduced the proteins SP1, SP3, and SP4, transcription factors known
to be overexpressed in colon cancer. Furthemore, the synergistic action of resveratrol and
quercetin induced ZBTB10 through downregulation of miR-27a [66]. This is a milestone in
research into the potential synergistic effects of bioactive dietary compounds in modulating
microRNAs in colon cancer.

1.3.5. Vitamin D

In epidemiological studies, a low vitamin D diet or circulating calcidiol (25-hydroxyvitamin
D3) levels are linked to an increased risk of colorectal cancer, with vitamin D playing a
protective role in colorectal cancer [67,68]. Vitamin D (1.25 (OH) 2 D3 was also found
to antagonize Wnt signaling in human colon cancer cells in several ways [69] and affect
inflammatory pathways involved in cancer progressions such as COX-2 and NF-κB [70].
Alvarez-Diaz et al. identified miR-22 as a target of 1.25 (OH) 2 D3 in human colon cancer
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cells and showed that they potentially mediate, in part, its inhibitory effects on cell prolifer-
ation and migration [71]. In contrast, in another experiment, it was observed that the active
form of vitamin D increases the level of miR-627 and contributes to its anti-tumor activity
in colon cancer by targeting the histone demethylase JMJD1A [72]. Thus, 1.25 (OH) 2 D3 is
responsible for the proliferation of cancer cells both in vitro and in vivo. Based on these
observations, it is possible to conclude that this vitamin has at least a partial protective
effect and can therefore prevent colorectal cancer.

1.3.6. ω-3-Polyunsaturated Fatty Acids

Recent years have been a period of growing interest in omega-3 (ω-3) polyunsaturated
fatty acids (PUFAs) due to their different roles in promoting health and reducing disease
risk. ω-3 PUFAs include α-linolenic acid (ALA; 18: 3 ω-3), stearidonic acid (SDA; 18: 4
ω-3), eicosapentaenoic acid (EPA; 20: 5 ω-3), docosapentaenoic acid (DPA22: 5-3), and
docosahexaenoic acid (DHA; 22: 6-3). The potential protective effect of omega-3 fatty acids
against inflammatory diseases, including cancer, was described [73,74]. Interestingly, the
effect of fish oil prevents the downregulation of several miRNAs in the rat colon 34 weeks
after azoxymethane injection, which is expressed by miR-15b, miR-107, let-7d, miR-191
and miR-324-5p, and corresponds to a significant reduction of colon tumor formation [75].
The results of other experiments indicate that meals rich in fish oil and pectin ingredients
increase levels of miR-19b, miR-26b, and miR-203, and this manifests after downregula-
tion of IGF1, IGF2, and transcription factor 4 [76]. As Tu et al. report, ω-3 PUFAs are
accepted as dietary supplements and even prescription drugs in the USA. According to
this group of researchers, evidence from epidemiological, clinical and pre-clinical studies
indicates a beneficial effect ofω-3 PUFA in the fight against CRC and its protective effect
in weakening IBD in humans and animals [77].Very interesting observations are made
by Moradi Sarabi et al. [78]. They report that n-3 PUFAs can affect cellular miR-126 DNA
methylation and inhibit VEGF expression according to the cell type in colorectal cancer.
The researchers also claim that DHA is more effective than EPA and LA in all cases, leading
them to conclude that the potential clinical use of n-3 PUFAs as anti-angiogenic agents in
CRC therapy could be a promising development.

1.3.7. Sulforaphane

Sulforaphane, which is a derivative of isothiocyanate, is found in some cruciferous
plants, including kale, cabbage, and broccoli sprouts. Slaby et al. describe the induction of
change in the expression of miRNAs, for example, miR-23b andmiR-27b tsmiRs upregula-
tion and downregulation of miR-155 oncomiR, in sulforaphane-treated normal epithelial
colon cell lines NCM460 and NCM356 [79]. The process that leads to metastasis and
chemoresistance in colorectal cancer is the epithelial–mesenchymal transition (EMT) [80].
EMT allows polarized epithelial cells to adopt a mesenchymal phenotype but is inhib-
ited by miRNA-23b [81]. Another study suggests that miR-23b downregulate FZD7 and
MAP3K1, promoting metastasis in HCT116 line cells [82]. A different team of researchers
report that SOCS1 (suppressor of cytokine signaling 1) exerts a suppressor effect in a colon
cancer line of cells via inhibition of EMT and the spread of tumor cells [83]. Moreover,
the effect of miR-155, which is responsible for the upregulation of Akt connecting to the
3’-UTR of the catalytic subunit of protein phosphatase 2 alpha (PPP2CA), which is a known
Akt suppressor, was described [84]. Therefore, treatment with sulforaphane reduce the
expression of miR-155, which also lowers tumor formation by modulating the Akt cascade.
It is therefore a substance that can act by changing the functioning of signaling cascades in
inflammatory processes, EMT, and telomerase, thus exerting an anti-cancer effect [85].

1.3.8. Dietary Fiber

The beneficial effect of fiber on the digestive tract is well known. In addition, there is
increasing scientific evidence in the literature that eating fiber-containing foods has anti-
cancer properties. For example, for each 10 g increase of fiber daily intake, a reduction in
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risk of colorectal cancer of 10% is seen [86]. The protective effect of a high-fiber diet against
the development of colon cancer is explained by the increased production of butyrate, which
is a product of fiber fermentation in the gastrointestinal tract. In the studies conducted on
HT29 and HCT116 lines by the team of Humphreys et al., the effect of butyrate on reduction
in the expression of the miR-17-92 oncogenic cluster, which in turn cause upregulation of
genes such as PTEN, Bcl-2L11, and CDKN1A, was noted. In another in vivo experiment,
animals were fed with food containing red meat supplemented with butylated starch with
a large amount of amylose at a dose of 40 g/day. It was found that the level of miR-17-92
returned to the baseline state, and therefore miR-21 stabilized [87]. In the work conducted
by the research team of Hu et al., a reduction effect of butyrate on C-myc and an increase in
p57 expression in CRC cells was demonstrated. In addition, an inducing effect of butyrate
on the expression of p21, which is an essential element in the regulation of the cell cycle
through the downregulation of miR-106b, was noted [88]. As confirmed by the research
conducted in recent years by the team of Ali et al. on colorectal cancer cells, there is a
new network of linkages between RNA and butyrate, and the mutual ability of miRNAs
to enhance the anticancer properties of butyrate. Researchers showed that silencing the
central target gene, EIF4G2, significantly improved the anticancer effect of butyrate on CRC
cells [89].

1.3.9. Diet-Microbiota

A separate and very interesting thread in the research is the participation of microor-
ganisms in miRNA modulation and colorectal cancer. Microbes are known to produce
bioactive compounds such as short-chain fatty acids (SCFAs), choline metabolites, and
lipids, which are very important in triggering the host epigenome locally in the gut, but
also distal to the liver, heart, and central nervous system [90]. We define microbiome as the
collective genomic content of all microbes living in a specific environment, and it includes
at least 1000 different species of known bacteria and over 3 million genes involved in
roles such as breakdown of sugars, vitamin synthesis, immunity modulation, and drug
metabolism [91]. In this context, reports on urolithins are interesting. These are substances
formed because of the metabolism of ellagitannins by intestinal bacteria. Urolithins were
shown to have broad effects in vitro and in vivo, including antioxidant, anti-inflammatory,
anti-estrogenic, and anti-proliferative effects [92–94]. Interesting results were obtained
by González-Sarrías et al., who tested the effects of selected ellagitannin metabolites or
a mixture of metabolites at concentrations of 100 mM for 48 h. They report that tested
substances inhibited cell proliferation and induced cell cycle arrest and apoptosis in colon
cancer cells. In this study, the González-Sarrías et al. team identified the induction of the
cyclin-dependent kinase 1A inhibitor (p21) as a common target of urolitins and concluded
that p21 induction is combined with downregulation of onco-miR-224 or upregulation of
the tumor suppressor miR-215 [95]. In turn, a team of researchers led by Nuñez-Sánchez
studied the effect of a daily dose of 900 mg of pomegranate extract for 5–35 days on miRNA
expression in colon tissue compared to tumor tissue in preoperative CRC patients com-
pared to 10 control CRC patients in a randomized, double-blind, controlled study. Ingestion
of pomegranate extract reversed the upregulation of various miRNAs caused by surgery
and slightly decreased the expression of selected miRNAs in tumor tissue compared to
normal tissue. Nevertheless, no relationship was found between tissue urolithin levels and
the observed changes in miRNA expression [96]. In the literature, there are reports of the
anti-CRC effect of some probiotics, which is manifested, for example, in the elimination
of carcinogens, the release of anti-cancer substances, the improvement of intestinal per-
meability, the function of tight junctions, and the activity of enzymes [97]. The team of
Zununi Vahed et al. showed that strains of lactic acid bacteria Leuconostoc mesenteroides
isolated from traditional dairy products co-cultured with HT-29 cells downregulated two
oncomirs, miR-21 and miR-200b, responsible for promoting apoptosis of CRC cells. In this
case, apoptosis was a consequence of the upregulation of mitogen-activated protein kinase
1 (MAPK1), Bcl-2-associated protein 4 (Bax), and caspase 3, and downregulation of Akt, NF-
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κB, and BclXL [98]. A very interesting study was conducted by Yuan et al. [99]. Researchers
identified 76 different miRNAs compared to normal colon cells. They found a significant
correlation of miRNAs with the multiplicity of bacteria in the colon cancer environment,
including Providencia, Akkermansia, Bacteroides, Porphyromonas, Roseburia, Peptostreptococcus,
and Fusobacterium, of which Akkermansia spp. was the only strain associated with miRNAs
involved in the CRC pathway. In addition, researchers found that miRNAs associated with
Fusobacterium spp. were involved in the glycan biosynthetic pathway, which is postulated to
increase glycan production by CRC cells, as well as the recruitment of pathogenic bacteria
that attach to cells via the Fap2 protein and the promotion of CRC progression [99]. Another
thread of research in the field of the microbiome is miRNAs (xenomirs) derived from food,
which are regulators of gene expression and affect the relationship between mammals and
microorganisms. Dietary plant-derived miRNAs modulate the composition of the intestinal
microflora and regulate intestinal permeability [100]. An example of such an effect can be
exosome-like nanoparticles containing miRNAs, which can affect gene expression in the
microbial environment of the gut, as described by Teng et al. One of the conclusions of this
team of scientists is the finding that the metabolic products of plant-derived exosomes have
an inhibitory effect on the growth of E. coli, Bacteroides fragilis, and Listeria spp. without
affecting L. rhamnosus, and that another plant-derived miRNA, gma-miR-396e, promotes
the growth of L. rhamnosus by inhibiting expression of LexA and also ath-miR-167a, a key
regulator of SpaC expression [101]. Although the research results are promising, as in the
case of the above-mentioned food ingredients, more detailed research is needed.

The effect of dietary components previously presented on miRNA in colon cancer is
briefly shown in Table 1.

Table 1. The effect of dietary components on miRNA in colon cancer.

Dietary Component miRNA Change miRNA-Related Targets/Changes References

Grape seed extract

Upregulated
miR-19a,
miR-20a,

let-7a
Downregulated

miR-196a,
miR-205

Inhibited NF-κB activation and caused a
significant reduction in colon tumor size Derry et al. [51]

Resveratrol

Upregulated
miR-663

miR-101b
miR-455

Downregulated
miR-21

Reduction of chronic inflammation,
Decrease inIL-6 and TNF-α levels,

Suppression of tumor

Tili et al. [54]
Altamemi et al. [57]

Chung et al. [58]

Curcumin

Downregulated
miR-17-5p,
miR-20a,
miR-27a

miR-130a

Reduction in inflammation,
Inhibition of cell growth and proliferation by

Wnt/β-catenin pathway downregulation

Gandhy et al. [62]
Dou et al. [63]

Quercetin Upregulated
miR-146a

Reduction in inflammation by decreasing of
NF-κB level Noratto et al. [65]

Vitamin D

Downregulated
miR-22

Inhibitory effects on cell proliferation
and migration, Alvarez-Diaz et al. [71]

Upregulated
miR-627

Anti-tumor activity by targeting the histone
demethylase JMJD1A Padi et al. [72]
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Table 1. Cont.

Dietary Component miRNA Change miRNA-Related Targets/Changes References

ω-3-Polyunsaturated
Fatty Acids

Downregulated
miR-15b,
miR-107,

let-7d,
miR-191,

miR-324-5p

Reduction in colon tumor formation Davidson et al. [75]

Upregulated
miR-19b,
miR-26b,
miR-203

Downregulation of IGF1, IGF2, and
transcription factor 4 Shah et al. [76]

Sulforaphane

Upregulated
miR-23b,

miR-27b tsmiRs
Inhibition of EMT, Castilla et al. [81]

Downregulated
miR-155 oncomiR

Upregulation of Akt connecting to the
3′-UTR of the catalytic subunit of

(PPP2CA)-Akt suppressor
Bakirtzi et al. [84]

Dietary fiber

Downregulated
miR-17-92

Upregulation of genes such as PTEN,
Bcl-2L11, and CDKN1A Humphreys et al. [87]

miR-106b
Increase in p57 expression,

Reduction effect on C-myc in CRC cells,
Induction of the expression of p21

Hu et al. [88]

Diet-microbiota

Downregulated miR-224
Upregulated

miR-215
Downregulated miR-21,

miR-200b

Cell proliferation inhibition, cell cycle arrest,
apoptosis induction by p21 induction

Apoptosis promotion in CRC cells
By upregulation of MAPK1, Bax, caspase-3
and downregulation of Akt, NF-κB, Bcl-XL

González-Sarrías et al. [95]
Zununi Vahed et al. [98]

2. Conclusions

The modern human’s diet has a very strong effect on health due to its content of
highly processed ingredients. Therefore, there are increasing numbers of studies, mainly
epidemiological, that also show the other positive side of the action of various food in-
gredients. Hence, it is also possible to distinguish a preventive action against diseases of
civilization, in addition to supporting and even treating diseases, in particular cancers.
In the context of the research cited in this review, the focus is on Western eating patterns,
which adversely affect health, especially due to the close relationship between obesity
and cancer. Nevertheless, even in such a diet, there are some ingredients, such as those
identified in this review including curcumin, resveratrol, and, at least, vitamin D, which
have significant therapeutic potential in the treatment of colorectal cancer due to their
ability to affect the expression of miRNAs. Colorectal cancer is especially related to the
type of diet and different nutrients. Considering the cited studies, one can confidently
conclude that these ingredients have a significant therapeutic potential as support for
the main therapy. In this paper, we presented examples of very specific mechanisms by
which various miRNAs are involved in the protection of cells against cancer, the process
of inhibiting neoplasticity, metastasis, and even treatment options. A very interesting
direction of research, which may become the main direction of research in the future, is the
action of microRNAs of plant origin, which can be transferred to mammalian organisms
through inter-kingdom regulation, which adjusts the appropriate target genes to their
participation in the process of carcinogenesis [102]. Yet, it should still be borne in mind that
the mechanism of plant-derived microRNAs in colorectal cancer is still unclear. Answering
the question posed in the title of this review, in the light of the available research results,
it can be said that yes, dietary actives can affect miRNAs and alter the course or prevent
colorectal cancer. However, it should be remembered that in vitro studies on cell lines
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are still the only authoritative source of data in the field of miRNA regulation by dietary
components. It would be beneficial and certainly most desirable if the experimental level
could be transferred to clinical trials. Nevertheless, this is still a matter of the future.

In addition to the ingredients described in our review, many other potentially anti-
cancer nutritional substances are waiting to be explored. In this system, it is miRNA that
will become the main player and target of research teams.
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4. Reinfuss, M. Onkologia. Podręcznik dla Studentów i Lekarzy; Kordek, R., Jassem, J., Krzakowski, M., Jeziorski, A., Eds.; Medical Press

SC: Gdansk, Poland, 2013; Volume 54.
5. Eshghifar, N.; Badrlou, E.; Pouresmaeili, F. The roles of miRNAs’ clinical efficiencies in the colorectal cancer pathobiology: A

review article. Hum. Antibodies 2020, 28, 273–285. [CrossRef] [PubMed]
6. Dekker, E.; Tanis, P.J.; Vleugels, J.L.A.; Kasi, P.M.; Wallace, M.B. Colorectal cancer. Lancet 2019, 394, 1467–1480. [CrossRef]

[PubMed]
7. Boyle, P.; Langman, J.S. ABC of colorectal cancer: Epidemiology. BMJ 2000, 321, 805–808. [CrossRef]
8. Larsson, S.C.; Wolk, A. Obesity and colon and rectal cancer risk: A meta-analysis of prospective studies. Am. J. Clin. Nutr. 2007,

86, 556–565. [CrossRef]
9. Ajouz, H.; Mukherji, D.; Shamseddine, A. Secondary bile acids: An underrecognized cause of colon cancer. World J. Surg. Oncol.

2014, 12, 164. [CrossRef]
10. Wasilewska, E.; Złotkowska, D.; Pijagin, M.E. Rola mikroflory jelitowej i bakterii probiotycznych w profilaktyce i rozwoju raka

jelita grubego. Postepy Hig. Med. Dosw. 2013, 67, 837–847. [CrossRef]
11. Santarelli, R.L.; Pierre, F.; Corpet, D.E. Processed meat and colorectal cancer: A review of epidemiologic and experimental

evidence. Nutr. Cancer 2008, 60, 131–144. [CrossRef]
12. Janout, V.; Kollárová, H. Epidemiology of colorectal cancer. Biomed. Pap. Med. Fac. Univ. Palacky Olomouc Czechoslov. 2001, 145,

5–10. [CrossRef]
13. Colcock, B.P.; National Institutes of Health. What You Need to Know about Cancer of the Colon and Rectum; Department of Health,

Education, and Welfare, Public Health Service, National Institutes of Health: Bethesda, MA, USA, 2006.
14. Filipowicz, W.; Bhattacharyya, S.N.; Sonenberg, N. Mechanisms of post-transcriptional regulation by microRNAs: Are the

answers in sight? Nat. Rev. Genet. 2008, 9, 102–114. [CrossRef]
15. Lovat, F.; Valeri, N.; Croce, C.M. MicroRNAs in the pathogenesis of cancer. Semin. Oncol. 2011, 38, 724–733. [CrossRef] [PubMed]
16. Winter, J.; Jung, S.; Keller, S.; Gregory, R.I.; Diederichs, S. Many roads to maturity: microRNA biogenesis pathways and their

regulation. Nat. Cell Biol. 2009, 11, 228–234. [CrossRef] [PubMed]
17. Lee, Y.; Ahn, C.; Han, J.; Choi, H.; Kim, J.; Yim, J.; Lee, J.; Provost, P.; Rådmark, O.; Kim, S.; et al. The nuclear RNase III Drosha

initiates microRNA processing. Nature 2003, 425, 415–419. [CrossRef] [PubMed]
18. Denli, A.M.; Tops, B.B.J.; Plasterk, R.H.A.; Ketting, R.F.; Hannon, G.J. Processing of primary microRNAs by the Microprocessor

complex. Nature 2004, 432, 231–235. [CrossRef] [PubMed]
19. Lund, E.; Güttinger, S.; Calado, A.; Dahlberg, J.E.; Kutay, U. Nuclear export of microRNA precursors. Science 2004, 303, 95–98.

[CrossRef]
20. Bohnsack, M.T.; Czaplinski, K.; Gorlich, D. Exportin 5 is a RanGTP-dependent dsRNA-binding protein that mediates nuclear

export of pre-miRNAs. RNA 2004, 10, 185–191. [CrossRef]
21. Lee, H.Y.; Doudna, J.A. TRBP alters human precursor microRNA processing in vitro. RNA 2012, 18, 2012–2019. [CrossRef]
22. Kim, Y.; Yeo, J.; Lee, J.H.; Cho, J.; Seo, D.; Kim, J.-S.; Kim, V.N. Deletion of human tarbp2 reveals cellular microRNA targets and

cell-cycle function of TRBP. Cell Rep. 2014, 9, 1061–1074. [CrossRef]

https://doi.org/10.1038/nm1087
https://www.ncbi.nlm.nih.gov/pubmed/10697588
https://doi.org/10.1056/NEJMra072367
https://www.ncbi.nlm.nih.gov/pubmed/18234754
https://doi.org/10.3233/HAB-200417
https://www.ncbi.nlm.nih.gov/pubmed/32623393
https://doi.org/10.1016/S0140-6736(19)32319-0
https://www.ncbi.nlm.nih.gov/pubmed/31631858
https://doi.org/10.1136/bmj.321.7264.805
https://doi.org/10.1093/ajcn/86.3.556
https://doi.org/10.1186/1477-7819-12-164
https://doi.org/10.5604/17322693.1061847
https://doi.org/10.1080/01635580701684872
https://doi.org/10.5507/bp.2001.001
https://doi.org/10.1038/nrg2290
https://doi.org/10.1053/j.seminoncol.2011.08.006
https://www.ncbi.nlm.nih.gov/pubmed/22082758
https://doi.org/10.1038/ncb0309-228
https://www.ncbi.nlm.nih.gov/pubmed/19255566
https://doi.org/10.1038/nature01957
https://www.ncbi.nlm.nih.gov/pubmed/14508493
https://doi.org/10.1038/nature03049
https://www.ncbi.nlm.nih.gov/pubmed/15531879
https://doi.org/10.1126/science.1090599
https://doi.org/10.1261/rna.5167604
https://doi.org/10.1261/rna.035501.112
https://doi.org/10.1016/j.celrep.2014.09.039


Int. J. Mol. Sci. 2023, 24, 10142 12 of 15

23. Chendrimada, T.P.; Gregory, R.I.; Kumaraswamy, E.; Norman, J.; Cooch, N.; Nishikura, K.; Shiekhattar, R. TRBP recruits the Dicer
complex to Ago2 for microRNA processing and gene silencing. Nature 2005, 436, 740–744. [CrossRef]

24. Liu, J.; Valencia-Sanchez, M.A.; Hannon, G.J.; Parker, R. MicroRNA-dependent localization of targeted mRNAs to mammalian
P-bodies. Nat. Cell Biol. 2005, 7, 719–723. [CrossRef] [PubMed]

25. Eulalio, A.; Behm-Ansmant, I.; Schweizer, D.; Izaurralde, E. P-body formation is a consequence, not the cause, of RNA-mediated
gene silencing. Mol. Cell. Biol. 2007, 27, 3970–3981. [CrossRef] [PubMed]

26. Slaby, O.; Svoboda, M.; Michalek, J.; Vyzula, R. MicroRNAs in colorectal cancer: Translation of molecular biology into clinical
application. Mol. Cancer 2009, 8, 102. [CrossRef] [PubMed]

27. Bonfrate, L.; Altomare, D.F.; Di Lena, M.; Travaglio, E.; Rotelli, M.T.; De Luca, A.; Portincasa, P. MicroRNA in colorectal cancer:
New perspectives for diagnosis, prognosis and treatment. J. Gastrointest. Liver Dis. 2013, 22, 311–320.

28. Suzuki, H.; Takatsuka, S.; Akashi, H.; Yamamoto, E.; Nojima, M.; Maruyama, R.; Kai, M.; Yamano, H.-O.; Sasaki, Y.; Tokino,
T.; et al. Genome-wide profiling of chromatin signatures reveals epigenetic regulation of MicroRNA genes in colorectal cancer.
Cancer Res. 2011, 71, 5646–5658. [CrossRef] [PubMed]

29. Brueckner, B.; Stresemann, C.; Kuner, R.; Mund, C.; Musch, T.; Meister, M.; Sültmann, H.; Lyko, F. The human let-7a-3 locus
contains an epigenetically regulated microRNA gene with oncogenic function. Cancer Res. 2007, 67, 1419–1423. [CrossRef]

30. Toyota, M.; Suzuki, H.; Sasaki, Y.; Maruyama, R.; Imai, K.; Shinomura, Y.; Tokino, T. Epigenetic silencing of microRNA-34b/c
and B-cell translocation gene 4 is associated with CpG island methylation in colorectal cancer. Cancer Res. 2008, 68, 4123–4132.
[CrossRef]

31. Grady, W.M.; Parkin, R.K.; Mitchell, P.S.; Lee, J.H.; Kim, Y.-H.; Tsuchiya, K.D.; Washington, M.K.; Paraskeva, C.; Willson, J.K.V.;
Kaz, A.M.; et al. Epigenetic silencing of the intronic microRNA hsa-miR-342 and its host gene EVL in colorectal cancer. Oncogene
2008, 27, 3880–3888. [CrossRef]

32. Agirre, X.; Vilas-Zornoza, A.; Jiménez-Velasco, A.; Martin-Subero, J.I.; Cordeu, L.; Gárate, L.; San José-Eneriz, E.; Abizanda, G.;
Rodríguez-Otero, P.; Fortes, P.; et al. Epigenetic silencing of the tumor suppressor microRNA Hsa-miR-124a regulates CDK6
expression and confers a poor prognosis in acute lymphoblastic leukemia. Cancer Res. 2009, 69, 4443–4453. [CrossRef]

33. Ng, E.K.O.; Tsang, W.P.; Ng, S.S.M.; Jin, H.C.; Yu, J.; Li, J.J.; Röcken, C.; Ebert, M.P.A.; Kwok, T.T.; Sung, J.J.Y. MicroRNA-143
targets DNA methyltransferases 3A in colorectal cancer. Br. J. Cancer 2009, 101, 699–706. [CrossRef]

34. Wang, H.; Wu, J.; Meng, X.; Ying, X.; Zuo, Y.; Liu, R.; Pan, Z.; Kang, T.; Huang, W. MicroRNA-342 inhibits colorectal cancer cell
proliferation and invasion by directly targeting DNA methyltransferase 1. Carcinogenesis 2011, 32, 1033–1042. [CrossRef]

35. Zhang, H.; Li, Y.; Huang, Q.; Ren, X.; Hu, H.; Sheng, H.; Lai, M. MiR-148a promotes apoptosis by targeting Bcl-2 in colorectal
cancer. Cell Death Differ. 2011, 18, 1702–1710. [CrossRef]

36. Siemens, H.; Neumann, J.; Jackstadt, R.; Mansmann, U.; Horst, D.; Kirchner, T.; Hermeking, H. Detection of miR-34a promoter
methylation in combination with elevated expression of c-Met and β-catenin predicts distant metastasis of colon cancer. Clin.
Cancer Res. 2013, 19, 710–720. [CrossRef] [PubMed]

37. Lu, Y.X.; Yuan, L.; Xue, X.L.; Zhou, M.; Liu, Y.; Zhang, C.; Li, J.P.; Zheng, L.; Hong, M.; Li, X.N. Regulation of colorectal carcinoma
Stemness, Growth, and metastasis by an miR-200c-Sox2—Negative feedback loop mechanism. Clin. Cancer Res. 2014, 20,
2631–2642. [CrossRef] [PubMed]

38. Lujambio, A.; Calin, G.A.; Villanueva, A.; Ropero, S.; Sánchez-Céspedes, M.; Blanco, D.; Montuenga, L.M.; Rossi, S.; Nicoloso,
M.S.; Faller, W.J.; et al. A microRNA DNA methylation signature for human cancer metastasis. Proc. Natl. Acad. Sci. USA 2008,
105, 13556–13561. [CrossRef] [PubMed]

39. Siemens, H.; Jackstadt, R.; Hünten, S.; Kaller, M.; Menssen, A.; Götz, U.; Hermeking, H. miR-34 and SNAIL form a double-negative
feedback loop to regulate epithelial-mesenchymal transitions. Cell Cycle 2011, 10, 4256–4271. [CrossRef] [PubMed]

40. Rokavec, M.; Öner, M.G.; Li, H.; Jackstadt, R.; Jiang, L.; Lodygin, D.; Kaller, M.; Horst, D.; Ziegler, P.K.; Schwitalla, S.; et al.
IL-6R/STAT3/miR-34a feedback loop promotes EMT-mediated colorectal cancer invasion and metastasis. J. Clin. Investig. 2014,
124, 1853–1867. [CrossRef]

41. Hahn, S.; Jackstadt, R.; Siemens, H.; Hünten, S.; Hermeking, H. SNAIL and miR-34a feed-forward regulation of ZNF281/ZBP99
promotes epithelial-mesenchymal transition. EMBO J. 2013, 32, 3079–3095. [CrossRef]

42. Aslam, M.I.; Patel, M.; Singh, B.; Jameson, J.S.; Pringle, J.H. MicroRNA manipulation in colorectal cancer cells: From laboratory to
clinical application. J. Transl. Med. 2012, 10, 128. [CrossRef]

43. Chen, X.; Guo, X.; Zhang, H.; Xiang, Y.; Chen, J.; Yin, Y.; Cai, X.; Wang, K.; Wang, G.; Ba, Y.; et al. Role of miR-143 targeting KRAS
in colorectal tumorigenesis. Oncogene 2009, 28, 1385–1392. [CrossRef] [PubMed]

44. Tsang, W.P.; Kwok, T.T. The miR-18a* microRNA functions as a potential tumor suppressor by targeting on K-Ras. Carcinogenesis
2009, 30, 953–959. [CrossRef] [PubMed]

45. Guo, C.; Sah, J.F.; Beard, L.; Willson, J.K.V.; Markowitz, S.D.; Guda, K. The noncoding RNA, miR-126, suppresses the growth of
neoplastic cells by targeting phosphatidylinositol 3-kinase signaling and is frequently lost in colon cancers. Genes Chromosomes
Cancer 2008, 47, 939–946. [CrossRef]

46. Krichevsky, A.M.; Gabriely, G. miR-21: A small multi-faceted RNA. J. Cell. Mol. Med. 2009, 13, 39–53. [CrossRef]
47. Ahadi, A. The significance of microRNA deregulation in colorectal cancer development and the clinical uses as a diagnostic and

prognostic biomarker and therapeutic agent. Non-Coding RNA Res. 2020, 5, 125–134. [CrossRef] [PubMed]

https://doi.org/10.1038/nature03868
https://doi.org/10.1038/ncb1274
https://www.ncbi.nlm.nih.gov/pubmed/15937477
https://doi.org/10.1128/MCB.00128-07
https://www.ncbi.nlm.nih.gov/pubmed/17403906
https://doi.org/10.1186/1476-4598-8-102
https://www.ncbi.nlm.nih.gov/pubmed/19912656
https://doi.org/10.1158/0008-5472.CAN-11-1076
https://www.ncbi.nlm.nih.gov/pubmed/21734013
https://doi.org/10.1158/0008-5472.CAN-06-4074
https://doi.org/10.1158/0008-5472.CAN-08-0325
https://doi.org/10.1038/onc.2008.10
https://doi.org/10.1158/0008-5472.CAN-08-4025
https://doi.org/10.1038/sj.bjc.6605195
https://doi.org/10.1093/carcin/bgr081
https://doi.org/10.1038/cdd.2011.28
https://doi.org/10.1158/1078-0432.CCR-12-1703
https://www.ncbi.nlm.nih.gov/pubmed/23243217
https://doi.org/10.1158/1078-0432.CCR-13-2348
https://www.ncbi.nlm.nih.gov/pubmed/24658157
https://doi.org/10.1073/pnas.0803055105
https://www.ncbi.nlm.nih.gov/pubmed/18768788
https://doi.org/10.4161/cc.10.24.18552
https://www.ncbi.nlm.nih.gov/pubmed/22134354
https://doi.org/10.1172/JCI73531
https://doi.org/10.1038/emboj.2013.236
https://doi.org/10.1186/1479-5876-10-128
https://doi.org/10.1038/onc.2008.474
https://www.ncbi.nlm.nih.gov/pubmed/19137007
https://doi.org/10.1093/carcin/bgp094
https://www.ncbi.nlm.nih.gov/pubmed/19372139
https://doi.org/10.1002/gcc.20596
https://doi.org/10.1111/j.1582-4934.2008.00556.x
https://doi.org/10.1016/j.ncrna.2020.08.003
https://www.ncbi.nlm.nih.gov/pubmed/32954092


Int. J. Mol. Sci. 2023, 24, 10142 13 of 15

48. Jorgensen, B.G.; Ro, S. MicroRNAs and ‘Sponging’ Competitive Endogenous RNAs Dysregulated in Colorectal Cancer: Potential
as Noninvasive Biomarkers and Therapeutic Targets. Int. J. Mol. Sci. 2022, 23, 2166. [CrossRef]

49. Gerhauser, C. Impact of dietary gut microbial metabolites on the epigenome. Philos. Trans. R. Soc. B Biol. Sci. 2018, 373, 20170359.
[CrossRef]

50. Derry, M.M.; Somasagara, R.R.; Raina, K.; Kumar, S.; Gomez, J.; Patel, M.; Agarwal, R.; Agarwal, C. Target identification of grape
seed extract in colorectal cancer using drug affinity responsive target stability (DARTS) technique: Role of endoplasmic reticulum
stress response proteins. Curr. Cancer Drug Targets 2014, 14, 323–336. [CrossRef]

51. Derry, M.M.; Raina, K.; Balaiya, V.; Jain, A.K.; Shrotriya, S.; Huber, K.M.; Serkova, N.J.; Agarwal, R.; Agarwal, C. Grape seed
extract efficacy against azoxymethane-induced colon tumorigenesis in A/J mice: Interlinking miRNA with cytokine signaling
and inflammation. Cancer Prev. Res. 2013, 6, 625–633. [CrossRef]

52. Huang, K.; Zhang, J.-X.; Han, L.; You, Y.-P.; Jiang, T.; Pu, P.-Y.; Kang, C.-S. MicroRNA roles in beta-catenin pathway. Mol. Cancer
2010, 9, 252. [CrossRef]

53. Karin, M. NF-kappaB as a critical link between inflammation and cancer. Cold Spring Harb. Perspect. Biol. 2009, 1, a000141.
[CrossRef] [PubMed]

54. Tili, E.; Michaille, J.-J.; Alder, H.; Volinia, S.; Delmas, D.; Latruffe, N.; Croce, C.M. Resveratrol modulates the levels of microRNAs
targeting genes encoding tumor-suppressors and effectors of TGFβ signaling pathway in SW480 cells. Biochem. Pharmacol. 2010,
80, 2057–2065. [CrossRef]

55. Jancík, S.; Drábek, J.; Radzioch, D.; Hajdúch, M. Clinical relevance of KRAS in human cancers. J. Biomed. Biotechnol. 2010,
2010, 150960. [CrossRef] [PubMed]

56. Saud, S.M.; Li, W.; Morris, N.L.; Matter, M.S.; Colburn, N.H.; Kim, Y.S.; Young, M.R. Resveratrol prevents tumorigenesis in mouse
model of Kras activated sporadic colorectal cancer by suppressing oncogenic Kras expression. Carcinogenesis 2014, 35, 2778–2786.
[CrossRef] [PubMed]

57. Altamemi, I.; Murphy, E.A.; Catroppo, J.F.; Zumbrun, E.E.; Zhang, J.; McClellan, J.L.; Singh, U.P.; Nagarkatti, P.S.; Nagarkatti, M.
Role of microRNAs in resveratrol-mediated mitigation of colitis-associated tumorigenesis in Apc(Min/+) mice. J. Pharmacol. Exp.
Ther. 2014, 350, 99–109. [CrossRef]

58. Chung, S.S.; Wu, Y.; Okobi, Q.; Adekoya, D.; Atefi, M.; Clarke, O.; Dutta, P.; Vadgama, J.V. Proinflammatory Cytokines IL-6 and
TNF-α Increased Telomerase Activity through NF-κB/STAT1/STAT3 Activation, and Withaferin A Inhibited the Signaling in
Colorectal Cancer Cells. Mediat. Inflamm. 2017, 2017, 5958429. [CrossRef]

59. Kumazaki, M.; Noguchi, S.; Yasui, Y.; Iwasaki, J.; Shinohara, H.; Yamada, N.; Akao, Y. Anti-cancer effects of naturally occurring
compounds through modulation of signal transduction and miRNA expression in human colon cancer cells. J. Nutr. Biochem.
2013, 24, 1849–1858. [CrossRef]

60. Fadaka, A.O.; Ojo, B.A.; Adewale, O.B.; Esho, T.; Pretorius, A. Effect of dietary components on miRNA and colorectal carcinogen-
esis. Cancer Cell Int. 2018, 18, 130. [CrossRef]

61. Gavrilas, L.I.; Ionescu, C.; Tudoran, O.; Lisencu, C.; Balacescu, O.; Miere, D. The Role of Bioactive Dietary Components in
Modulating miRNA Expression in Colorectal Cancer. Nutrients 2016, 8, 590. [CrossRef]

62. Gandhy, S.U.; Kim, K.; Larsen, L.; Rosengren, R.J.; Safe, S. Curcumin and synthetic analogs induce reactive oxygen species and
decreases specificity protein (Sp) transcription factors by targeting microRNAs. BMC Cancer 2012, 12, 564. [CrossRef]

63. Dou, H.; Shen, R.; Tao, J.; Huang, L.; Shi, H.; Chen, H.; Wang, Y.; Wang, T. Curcumin Suppresses the Colon Cancer Proliferation
by Inhibiting Wnt/β-Catenin Pathways via miR-130a. Front. Pharmacol. 2017, 8, 877. [CrossRef] [PubMed]

64. Segditsas, S.; Tomlinson, I. Colorectal cancer and genetic alterations in the Wnt pathway. Oncogene 2006, 25, 7531–7537. [CrossRef]
[PubMed]

65. Noratto, G.D.; Kim, Y.; Talcott, S.T.; Mertens-Talcott, S.U. Flavonol-rich fractions of yaupon holly leaves (Ilex vomitoria,
Aquifoliaceae) induce microRNA-146a and have anti-inflammatory and chemopreventive effects in intestinal myofibroblast
CCD-18Co cells. Fitoterapia 2011, 82, 557–569. [CrossRef] [PubMed]

66. Del Follo-Martinez, A.; Banerjee, N.; Li, X.; Safe, S.; Mertens-Talcott, S. Resveratrol and quercetin in combination have anticancer
activity in colon cancer cells and repress oncogenic microRNA-27a. Nutr. Cancer 2013, 65, 494–504. [CrossRef] [PubMed]

67. Jacobs, E.T.; Kohler, L.N.; Kunihiro, A.G.; Jurutka, P.W. Vitamin D and Colorectal, Breast, and Prostate Cancers: A Review of the
Epidemiological Evidence. J. Cancer 2016, 7, 232–240. [CrossRef]

68. Gupta, D.; Vashi, P.G.; Trukova, K.; Lis, C.G.; Lammersfeld, C.A. Prevalence of serum vitamin D deficiency and insufficiency in
cancer: Review of the epidemiological literature. Exp. Ther. Med. 2011, 2, 181–193. [CrossRef]

69. Larriba, M.J.; González-Sancho, J.M.; Barbáchano, A.; Niell, N.; Ferrer-Mayorga, G.; Muñoz, A. Vitamin D Is a Multilevel
Repressor of Wnt/b-Catenin Signaling in Cancer Cells. Cancers 2013, 5, 1242–1260. [CrossRef]

70. van Harten-Gerritsen, A.S.; Balvers, M.G.J.; Witkamp, R.F.; Kampman, E.; van Duijnhoven, F.J.B. Vitamin D, Inflammation, and
Colorectal Cancer Progression: A Review of Mechanistic Studies and Future Directions for Epidemiological Studies. Cancer
Epidemiol. Biomark. Prev. 2015, 24, 1820–1828. [CrossRef]

71. Alvarez-Díaz, S.; Valle, N.; Ferrer-Mayorga, G.; Lombardía, L.; Herrera, M.; Domínguez, O.; Segura, M.F.; Bonilla, F.; Hernando,
E.; Muñoz, A. MicroRNA-22 is induced by vitamin D and contributes to its antiproliferative, antimigratory and gene regulatory
effects in colon cancer cells. Hum. Mol. Genet. 2012, 21, 2157–2165. [CrossRef]

https://doi.org/10.3390/ijms23042166
https://doi.org/10.1098/rstb.2017.0359
https://doi.org/10.2174/1568009614666140411101942
https://doi.org/10.1158/1940-6207.CAPR-13-0053
https://doi.org/10.1186/1476-4598-9-252
https://doi.org/10.1101/cshperspect.a000141
https://www.ncbi.nlm.nih.gov/pubmed/20066113
https://doi.org/10.1016/j.bcp.2010.07.003
https://doi.org/10.1155/2010/150960
https://www.ncbi.nlm.nih.gov/pubmed/20617134
https://doi.org/10.1093/carcin/bgu209
https://www.ncbi.nlm.nih.gov/pubmed/25280562
https://doi.org/10.1124/jpet.114.213306
https://doi.org/10.1155/2017/5958429
https://doi.org/10.1016/j.jnutbio.2013.04.006
https://doi.org/10.1186/s12935-018-0631-y
https://doi.org/10.3390/nu8100590
https://doi.org/10.1186/1471-2407-12-564
https://doi.org/10.3389/fphar.2017.00877
https://www.ncbi.nlm.nih.gov/pubmed/29225578
https://doi.org/10.1038/sj.onc.1210059
https://www.ncbi.nlm.nih.gov/pubmed/17143297
https://doi.org/10.1016/j.fitote.2011.01.013
https://www.ncbi.nlm.nih.gov/pubmed/21262328
https://doi.org/10.1080/01635581.2012.725194
https://www.ncbi.nlm.nih.gov/pubmed/23530649
https://doi.org/10.7150/jca.13403
https://doi.org/10.3892/etm.2011.205
https://doi.org/10.3390/cancers5041242
https://doi.org/10.1158/1055-9965.EPI-15-0601
https://doi.org/10.1093/hmg/dds031


Int. J. Mol. Sci. 2023, 24, 10142 14 of 15

72. Padi, S.K.R.; Zhang, Q.; Rustum, Y.M.; Morrison, C.; Guo, B. MicroRNA-627 mediates the epigenetic mechanisms of vitamin D
to suppress proliferation of human colorectal cancer cells and growth of xenograft tumors in mice. Gastroenterology 2013, 145,
437–446. [CrossRef]

73. Williams, C.D.; Whitley, B.M.; Hoyo, C.; Grant, D.J.; Iraggi, J.D.; Newman, K.A.; Gerber, L.; Taylor, L.A.; McKeever, M.G.;
Freedland, S.J. A high ratio of dietary n-6/n-3 polyunsaturated fatty acids is associated with increased risk of prostate cancer.
Nutr. Res. 2011, 31, 1–8. [CrossRef] [PubMed]

74. Gopinath, B.; Buyken, A.E.; Flood, V.M.; Empson, M.; Rochtchina, E.; Mitchell, P. Consumption of polyunsaturated fatty acids,
fish, and nuts and risk of inflammatory disease mortality. Am. J. Clin. Nutr. 2011, 93, 1073–1079. [CrossRef] [PubMed]

75. Davidson, L.A.; Wang, N.; Shah, M.S.; Lupton, J.R.; Ivanov, I.; Chapkin, R.S. n-3 Polyunsaturated fatty acids modulate carcinogen-
directed non-coding microRNA signatures in rat colon. Carcinogenesis 2009, 30, 2077–2084. [CrossRef] [PubMed]

76. Shah, M.S.; Schwartz, S.L.; Zhao, C.; Davidson, L.A.; Zhou, B.; Lupton, J.R.; Ivanov, I.; Chapkin, R.S. Integrated microRNA and
mRNA expression profiling in a rat colon carcinogenesis model: Effect of a chemo-protective diet. Physiol. Genom. 2011, 43,
640–654. [CrossRef] [PubMed]

77. Tu, M.; Wang, W.; Zhang, G.; Hammock, B.D. ω-3 Polyunsaturated Fatty Acids on Colonic Inflammation and Colon Cancer:
Roles of Lipid-Metabolizing Enzymes Involved. Nutrients 2020, 12, 3301. [CrossRef]

78. Moradi Sarabi, M.; Zahedi, S.A.; Pajouhi, N.; Khosravi, P.; Bagheri, S.; Ahmadvand, H.; Shahryarhesami, S. The effects of dietary
polyunsaturated fatty acids on miR-126 promoter DNA methylation status and VEGF protein expression in the colorectal cancer
cells. Genes Nutr. 2018, 13, 32. [CrossRef]

79. Slaby, O.; Sachlova, M.; Brezkova, V.; Hezova, R.; Kovarikova, A.; Bischofová, S.; Sevcikova, S.; Bienertova-Vasku, J.; Vasku, A.;
Svoboda, M.; et al. Identification of microRNAs regulated by isothiocyanates and association of polymorphisms inside their
target sites with risk of sporadic colorectal cancer. Nutr. Cancer 2013, 65, 247–254. [CrossRef]

80. San, K.; Horita, M.; Ganapathy, A.; Chinnadurai, G.; Ezekiel, U.R. Deregulated expression of microRNA-200b/c and SUZ12, a
Polycomb repressive complex 2 subunit, in chemoresistant colorectal cancer cells. Genes Cancer 2017, 8, 673–681. [CrossRef]

81. Castilla, M.Á.; Moreno-Bueno, G.; Romero-Pérez, L.; Van De Vijver, K.; Biscuola, M.; López-García, M.Á.; Prat, J.; Matías-Guiu, X.;
Cano, A.; Oliva, E.; et al. Micro-RNA signature of the epithelial-mesenchymal transition in endometrial carcinosarcoma. J. Pathol.
2011, 223, 72–80. [CrossRef]

82. Zhang, H.; Hao, Y.; Yang, J.; Zhou, Y.; Li, J.; Yin, S.; Sun, C.; Ma, M.; Huang, Y.; Xi, J.J. Genome-wide functional screening of
miR-23b as a pleiotropic modulator suppressing cancer metastasis. Nat. Commun. 2011, 2, 554. [CrossRef]

83. David, M.; Naudin, C.; Letourneur, M.; Polrot, M.; Renoir, J.-M.; Lazar, V.; Dessen, P.; Roche, S.; Bertoglio, J.; Pierre, J. Suppressor
of cytokine signaling 1 modulates invasion and metastatic potential of colorectal cancer cells. Mol. Oncol. 2014, 8, 942–955.
[CrossRef]

84. Bakirtzi, K.; Hatziapostolou, M.; Karagiannides, I.; Polytarchou, C.; Jaeger, S.; Iliopoulos, D.; Pothoulakis, C. Neurotensin
signaling activates microRNAs-21 and -155 and Akt, promotes tumor growth in mice, and is increased in human colon tumors.
Gastroenterology 2011, 141, 1749–1761. [CrossRef] [PubMed]

85. Ganapathy, A.; Ezekiel, U. Phytochemical Modulation of MiRNAs in Colorectal Cancer. Medicines 2019, 6, 48. [CrossRef]
[PubMed]

86. Aune, D.; Chan, D.S.M.; Lau, R.; Vieira, R.; Greenwood, D.C.; Kampman, E.; Norat, T. Dietary fibre, whole grains, and risk of
colorectal cancer: Systematic review and dose-response meta-analysis of prospective studies. BMJ 2011, 343, d6617. [CrossRef]

87. Humphreys, K.J.; Conlon, M.A.; Young, G.P.; Topping, D.L.; Hu, Y.; Winter, J.M.; Bird, A.R.; Cobiac, L.; Kennedy, N.A.; Michael,
M.Z.; et al. Dietary manipulation of oncogenic microRNA expression in human rectal mucosa: A randomized trial. Cancer Prev.
Res. 2014, 7, 786–795. [CrossRef] [PubMed]

88. Hu, S.; Dong, T.S.; Dalal, S.R.; Wu, F.; Bissonnette, M.; Kwon, J.H.; Chang, E.B. The microbe-derived short chain fatty acid butyrate
targets miRNA-dependent p21 gene expression in human colon cancer. PLoS ONE 2011, 6, e16221. [CrossRef] [PubMed]

89. Ali, S.R.; Orang, A.; Marri, S.; McKinnon, R.A.; Meech, R.; Michael, M.Z. Integrative Transcriptomic Network Analysis of Butyrate
Treated Colorectal Cancer Cells. Cancers 2021, 13, 636. [CrossRef]

90. Qin, Y.; Wade, P.A. Crosstalk between the microbiome and epigenome: Messages from bugs. J. Biochem. 2018, 163, 105–112.
[CrossRef]

91. Guz, M.; Jeleniewicz, W.; Malm, A.; Korona-Glowniak, I. A Crosstalk between Diet, Microbiome and microRNA in Epigenetic
Regulation of Colorectal Cancer. Nutrients 2021, 13, 2428. [CrossRef]

92. Espín, J.C.; Larrosa, M.; García-Conesa, M.T.; Tomás-Barberán, F. Biological significance of urolithins, the gut microbial ellagic
Acid-derived metabolites: The evidence so far. Evid. Based Complement. Altern. Med. 2013, 2013, 270418. [CrossRef]

93. Tomás-Barberán, F.A.; González-Sarrías, A.; García-Villalba, R.; Núñez-Sánchez, M.A.; Selma, M.V.; García-Conesa, M.T.; Espín,
J.C. Urolithins, the rescue of “old” metabolites to understand a “new” concept: Metabotypes as a nexus among phenolic
metabolism, microbiota dysbiosis, and host health status. Mol. Nutr. Food Res. 2017, 61, 1500901. [CrossRef] [PubMed]

94. Zhang, W.; Chen, J.-H.; Aguilera-Barrantes, I.; Shiau, C.-W.; Sheng, X.; Wang, L.-S.; Stoner, G.D.; Huang, Y.-W. Urolithin A
suppresses the proliferation of endometrial cancer cells by mediating estrogen receptor-α-dependent gene expression. Mol. Nutr.
Food Res. 2016, 60, 2387–2395. [CrossRef] [PubMed]

https://doi.org/10.1053/j.gastro.2013.04.012
https://doi.org/10.1016/j.nutres.2011.01.002
https://www.ncbi.nlm.nih.gov/pubmed/21310299
https://doi.org/10.3945/ajcn.110.009977
https://www.ncbi.nlm.nih.gov/pubmed/21411616
https://doi.org/10.1093/carcin/bgp245
https://www.ncbi.nlm.nih.gov/pubmed/19825969
https://doi.org/10.1152/physiolgenomics.00213.2010
https://www.ncbi.nlm.nih.gov/pubmed/21406606
https://doi.org/10.3390/nu12113301
https://doi.org/10.1186/s12263-018-0623-5
https://doi.org/10.1080/01635581.2013.756530
https://doi.org/10.18632/genesandcancer.152
https://doi.org/10.1002/path.2802
https://doi.org/10.1038/ncomms1555
https://doi.org/10.1016/j.molonc.2014.03.014
https://doi.org/10.1053/j.gastro.2011.07.038
https://www.ncbi.nlm.nih.gov/pubmed/21806946
https://doi.org/10.3390/medicines6020048
https://www.ncbi.nlm.nih.gov/pubmed/30959836
https://doi.org/10.1136/bmj.d6617
https://doi.org/10.1158/1940-6207.CAPR-14-0053
https://www.ncbi.nlm.nih.gov/pubmed/25092886
https://doi.org/10.1371/journal.pone.0016221
https://www.ncbi.nlm.nih.gov/pubmed/21283757
https://doi.org/10.3390/cancers13040636
https://doi.org/10.1093/jb/mvx080
https://doi.org/10.3390/nu13072428
https://doi.org/10.1155/2013/270418
https://doi.org/10.1002/mnfr.201500901
https://www.ncbi.nlm.nih.gov/pubmed/27158799
https://doi.org/10.1002/mnfr.201600048
https://www.ncbi.nlm.nih.gov/pubmed/27342949


Int. J. Mol. Sci. 2023, 24, 10142 15 of 15

95. González-Sarrías, A.; Núñez-Sánchez, M.Á.; Tomé-Carneiro, J.; Tomás-Barberán, F.A.; García-Conesa, M.T.; Espín, J.C. Compre-
hensive characterization of the effects of ellagic acid and urolithins on colorectal cancer and key-associated molecular hallmarks:
MicroRNA cell specific induction of CDKN1A (p21) as a common mechanism involved. Mol. Nutr. Food Res. 2016, 60, 701–716.
[CrossRef] [PubMed]

96. Nuñez-Sánchez, M.A.; Dávalos, A.; González-Sarrías, A.; Casas-Agustench, P.; Visioli, F.; Monedero-Saiz, T.; García-Talavera,
N.V.; Gómez-Sánchez, M.B.; Sánchez-Álvarez, C.; García-Albert, A.M.; et al. MicroRNAs expression in normal and malignant
colon tissues as biomarkers of colorectal cancer and in response to pomegranate extracts consumption: Critical issues to discern
between modulatory effects and potential artefacts. Mol. Nutr. Food Res. 2015, 59, 1973–1986. [CrossRef] [PubMed]

97. Sivamaruthi, B.S.; Kesika, P.; Chaiyasut, C. The Role of Probiotics in Colorectal Cancer Management. Evid. Based Complement.
Altern. Med. 2020, 2020, 3535982. [CrossRef]

98. Zununi Vahed, S.; Barzegari, A.; Rahbar Saadat, Y.; Goreyshi, A.; Omidi, Y. Leuconostoc mesenteroides-derived anticancer
pharmaceuticals hinder inflammation and cell survival in colon cancer cells by modulating NF-κB/AKT/PTEN/MAPK pathways.
Biomed. Pharmacother. 2017, 94, 1094–1100. [CrossRef]

99. Yuan, C.; Burns, M.B.; Subramanian, S.; Blekhman, R. Interaction between Host MicroRNAs and the Gut Microbiota in Colorectal
Cancer. mSystems 2018, 3, e00205-17. [CrossRef]

100. Díez-Sainz, E.; Lorente-Cebrián, S.; Aranaz, P.; Riezu-Boj, J.I.; Martínez, J.A.; Milagro, F.I. Potential Mechanisms Linking Food-
Derived MicroRNAs, Gut Microbiota and Intestinal Barrier Functions in the Context of Nutrition and Human Health. Front. Nutr.
2021, 8, 586564. [CrossRef]

101. Teng, Y.; Ren, Y.; Sayed, M.; Hu, X.; Lei, C.; Kumar, A.; Hutchins, E.; Mu, J.; Deng, Z.; Luo, C.; et al. Plant-Derived Exosomal
MicroRNAs Shape the Gut Microbiota. Cell Host Microbe 2018, 24, 637–652.e8. [CrossRef]

102. Zhang, W.J.; Li, Y.Y.; Xiang, Z.H.; Deng, J.; Li, W.; Lin, Q.L.; Fang, Y.; Liu, F.; Bai, J.; Zhang, L.; et al. Emerging evidence on the
effects of plant-derived microRNAs in colorectal cancer: A review. Food Funct. 2023, 14, 691–702. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/mnfr.201500780
https://www.ncbi.nlm.nih.gov/pubmed/26634414
https://doi.org/10.1002/mnfr.201500357
https://www.ncbi.nlm.nih.gov/pubmed/26105520
https://doi.org/10.1155/2020/3535982
https://doi.org/10.1016/j.biopha.2017.08.033
https://doi.org/10.1128/mSystems.00205-17
https://doi.org/10.3389/fnut.2021.586564
https://doi.org/10.1016/j.chom.2018.10.001
https://doi.org/10.1039/D2FO03477H

	Introduction 
	Biogenesis of miRNA 
	miRNA and Colon Cancer 
	Effect of Diet on miRNAs in Colorectal Cancer 
	Grape Seed Extract 
	Resveratrol 
	Curcumin 
	Quercetin 
	Vitamin D 
	-3-Polyunsaturated Fatty Acids 
	Sulforaphane 
	Dietary Fiber 
	Diet-Microbiota 


	Conclusions 
	References

