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Abstract: Breast and colorectal cancers are two primary malignancies on which most of the
research done worldwide investigates the potential genetic and environmental risk factors and
thereby tries to develop therapeutic methods to improve prognosis. Breast cancer is the most
diagnosed cancer type in women, while colorectal cancer is diagnosed in males as the third most
and females as the second most cancer type. Though these two cancer types are predominantly
seen in adult patients worldwide, in the current context, these malignancies are diagnosed at
a younger age with a significant rate of incidents than previous. Such early-onset cancers are
generally present at an advanced stage of the most aggressive type with a poor prognosis. In the
past, the focus of the research was mainly on studying possible candidate genes to understand the
onset. However, it is now recognized that genetics, epigenetics, and other environmental factors
play a pivotal role in cancer susceptibility. Thus, most studies were diversified to study the
behavior of host microRNAs, and the involvement of gut microbiota and good communication
between them surfaced in the occurrence and state of the disease. It is understood that the impact
of these factors affects the outcome of the disease. Out of the adverse outcomes identified relating
to the disease, immunosuppression is one of the most concerning outcomes in the current world,
where such individuals remain vulnerable to infections. Recent studies revealed that microbiome
and microRNA could create a considerable impact on immunosuppression. This review focused
on the behavior of host microRNAs and gut microbiome for the onset of the disease and
progression, thereby influencing an individual’s immunosuppression. Understanding the inter-
actions among microRNA, microbiome, presentation of the disease, and impact on the immune
system will be immensely useful for developing future therapeutic strategies based on targeting
host microRNA and the patient’s gut microbiome. Therapies such as inhibitory-miRNA thera-
pies, miRNA mimic-based therapeutics, immune checkpoint blockade therapies, and bacteria-
assisted tumor-targeted therapies help modulate cancer. At the same time, it paid equal attention
to potential noninvasive biomarkers in diagnosis, prognosis, and therapeutics in both cancers.
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Introduction
Breast Cancer
Breast cancer (BC) is the most common malignancy among females, and the
leading cause of cancer death accounted for estimated 685,000 deaths in 2020.
Worldwide, there were estimated 2.3 million cases diagnosed with female breast
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cancer in 2020, representing 11.7% of all cancer cases,
accounting for almost 1 in 4 cancer cases among
women."? There are four molecular subtypes of breast
cancer, which are highly influential by age, identified as
luminal A (ER+ and/or PR+, HER2-), luminal B (ER+
and/or PR+, HER2+), human epidermal growth factor
receptor 2- enriched (ER-, PR-, HER2+), and basal-like
(ER-, PR-, HER2-), where these types show differences in
their incidence, level of response for treatments, progres-
sion of the disease, and survival.® Breast cancer risk
increases with age, but a significant rate of incidents
occur in younger patients worldwide in the current
context.

Although early-onset breast cancer is rare, it is diag-
nosed among younger women between 15 and 39 years of
age accounts for 7% of all breast cancer incidence and
more than 40% of all young cancer cases.” Positive family
history of cancer is considered the most significant perso-
nal risk factor in this type of cancer with a strong genetic
predisposition. Germline pathogenic mutations of BRCA1
and BRCA2 with family history play a significant role in
the occurrence of early-onset where such BRCA carriers
with unilateral breast cancer are at an elevated risk (16—
35%) of developing contralateral breast cancer as well.’
Young premenopausal breast cancer generally presents at
an advanced stage with distinct clinicopathological fea-
tures related to the most aggressive subtypes with poor
prognosis. Triple-negative (ER-, PR-, HER2-) and HER2-
positive (HER2+) breast cancers with high-grade prolif-
eration are the most lethal subtypes of breast cancer pre-
sented at a younger age. The survival rate of women with
early-onset breast cancer is relatively lower when com-
pared to older women, contributing to an increased breast
cancer mortality rate.® Furthermore, Luminal A, the least
aggressive subtype, is much more common among breast
cancer patients older than 50 years, which is much more
favorable in prognosis, while luminal B is an aggressive
subtype present in older patients than 70 years with high-
grade proliferation.”

However, about 90% of breast cancers are sporadic
with no apparent genetic predisposition. Thus, other fac-
tors play a pivotal role in sporadic breast cancers in young
non-BRCA carriers without a family history or other
genetic predisposition. Hormonal risk factors, obesity,
and dietary habits are some of the risk factors having
a pronounced impact on the disease.® Nevertheless, recent
research has discovered the involvement of the gut micro-
biome and host microRNA (miRNA) individually or in

conjunction with some underlying mechanisms operating
in breast cancer cases.

Colorectal Cancer

Worldwide, colorectal cancer (CRC) is identified as the
third most common cancer diagnosed in both sexes,
wherein males are the third most and females are
the second most cancer type.” In 2020, more than
1.9 million new colorectal cancer cases and about
935,000 deaths were estimated, accounting for one in 10
cancer cases and deaths worldwide.'

CRC incidence continues to be an increasingly predo-
minant issue in Asia'® and Eastern Asian countries.'' Both
CRC incidence and mortality have increased in countries
with medium Human Development Index (HDI), showing
rapid social and economic changes by adopting wester-
nized lifestyles compared to countries with high HDI.
Countries with high HDI have increased and improved
early detection and prevention through polypectomy,
improving perioperative care, thus lowering the CRC inci-
dence and mortality rate.'*"?

According to cancer statistics in the United States, there
is an increased level of incidence of young-onset colorectal
cancer (aged 20—49 years), where more than one-tenth of all
CRC cases are young-onset comprising 11% and 18%,
respectively, in the colon and rectal cancers when compared
to the age group of 50 years and above.'* In the Asia-Pacific
region, with a westernized urban lifestyle and a higher popu-
lation of younger people, the incidence rate of young color-
ectal cancer has also increased, similar to the West."
Obesity, sedentary behavior, and a high-meat, high-calorie,
fat-rich, fiber-deficient diet are some factors associated with
the increased risk of colorectal cancer.'® Alternatively, sev-
eral differences are identified concerning tumor aggressive-
ness, staging, and clinical outcome in young-onset colorectal
cancer compared with late-onset.'” The early detection of
CRC can enhance the diagnosis procedure and thereby
improve the patient’s prognosis. Early identification would
increase the patient’s survival rate by administering an
appropriate surgical approach before the disease metasta-
sized. The 5-year survival rate of colorectal cancer patients
with advanced-stage IV drops to 14% compared to early-
stage/localized stage CRC patients with a 90% survival rate
where such low survival rates can be improved by timely
administration of surgical procedures.'®

Most colorectal cancers are sporadic, accounting for 90%
of all cases without a clear family history or proven genetic
involvement, where the other 10% are considered familial
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types with an identified genetic predisposition.'” CRC with
early-onset is a feature of the hereditary cancer syndromes,
which are recognized in a young individual in advance with
a family history or other risk factors, such as inflammatory
bowel disease or a hereditary syndrome (Lynch syndrome/
familial adenomatous polyposis). Such identification may
lead to the recommendation of risk-reducing processes,
such as weight reduction, increased physical activities, con-
sumption of lots of vegetables, fruits, and whole grains,
avoiding alcohol and smoking, and increasing vitamin
D uptake to avoid low levels.'* Alternatively, sporadic
CRC can occur by involving the dysregulation of numerous
signal transduction pathways.”” Chromosomal instability
(CIN), CpG island methylator phenotype (CIMP), and
microsatellite instability (MSI) are the recognized pathways
of carcinogenesis in CRC via somatic genetic mutations.*'*
The most common pathway is the chromosome instability
pathway (CIN) that accounts for 70% of sporadic CRC
incidence, and such tumors occur due to accumulation of
mutations in specific oncogenes and tumor suppressor genes,
such as APC, KRAS, PIK3CA, BRAF, SMAD4, TP53.>

In recent studies, the interaction of host miRNA and gut
microbiome was identified in colorectal cancer. Such factors
may significantly contribute to CRC in cases when genetic
predisposition is not apparent and may be involved in the
occurrence of sporadic colorectal cancer at a younger age.

Inter-Domain Communications
Between the Gut Microbiome and
Host miRNAs in Cancer

miRNAs are small, non-protein-coding endogenous RNA
molecules that regulate gene expression via complemen-
tary base pairing with the 3'- untranslated region of the
respective mRNA results with alteration of protein expres-
sion through targeted mRNA degradation, translation
repression, or gene silencing. Single miRNA can regulate
several mRNAs that mediate biological functions, such as
proliferation, cell signaling, DNA repair, differentiation,
and stress responses.”* Due to aberrant expression of
miRNAs alters the possible gene expression contributing
to the development of several diseases, including cancer.”
Cancer-related miRNAs can be categorized based on their
expression and processing as oncomiRs (function as onco-
genes) and TS-miRs (function as tumor suppressors). Such
miRNAs play critical roles in oncogenesis, metastasis, as
well as when showing resistance to several therapies.’*?’
In addition, there are other types of miRNAs, such as

metastamiRs (metastasis-associated miRNA), regulating
metastasis and metastasis-suppressor miRNAs, suppres-
sing metastasis.”®*’

The microbiome in humans is where a symbiotic rela-
tionship with microbiota confers benefits in many vital
aspects of life. In addition, microbiota will be shaped up
by age, lifestyle, diet/nutrition, environmental factors, host
hormonal changes, underlying disease conditions, and host
genetics.>® Especially, most of the members of gut micro-
biota are beneficial as they mediate different functions
within the host, such as bioconversion of nutrients, protec-
tion against pathogenic microbes, regulation and mainte-
nance of several host physiological functions, such as
and the nervous

metabolism, immune homeostasis,

system.31’32

However, gut microbiota dysbiosis is a process where
imbalance or perturbation of the content of the normal
microbiota in the gut leading to the disruption of normal
microbial equilibrium results in detrimental consequences,
such as provoking different disease conditions, such as
inflammatory, immune, and infectious diseases, as well
as malignancies. Such modified microbiota leads to the
onset and progression of cancers. Dysbiosis of the micro-
biome may alter biological equilibrium by regulating the
host’s metabolites, genes, and proteins.>’ Such events can
create an impact on the immune system and the onset of
obesity. Modified microbiota can cause alterations in the
expression of miRNA related to lipid metabolism and
thereby cause obesity and cancer.*”

Recent studies have identified a close interaction
between the gut microbiome and host miRNAs. miRNAs
regulate gene expression via complementary binding to
host mRNAs, while the gut microbiota can influence host
miRNA expression via MyD88-dependent pathway or
microbiome-derived metabolites that alter host gene
expression in the colon.>® In turn, the host influences the
gut microbiota via releasing host miRNAs into extracellu-
lar vesicles, where microbes can up-take them (Figure 1).
Thus, bidirectional interaction of host miRNAs and gut
microbiome will regulate the host gene expression.>”
Alternatively, some studies have shown that miRNA
expression can be altered by several dietary agents taken
by the host’® and in turn, such regulated miRNA can
modulate the gut microbiome, and dietary agents may
directly influence the microbiome as well.*” Deregulation
of miRNA expression and dysbiosis of the gut intestinal

microbiota are strongly interconnected, leading to the
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Figure | Inter-domain communications occur among host-gene expression, host miRNA expression, and host gut microbiome. Different miRNA species regulate host gene
expression via complementary binding to host mMRNA, and the gut microbiome regulates host miRNA expression via MyD88-dependent pathway or microbiome-derived
metabolites. Alternatively, the host influences the gut microbiota by releasing host miRNAs in extracellular vesicles, taking up microbes, and altering the gut microbiome.

occurrence of several diseases in the host, including
cancers.

Expression-based communication between the gut
microbiome and host miRNAs can help to design drug-
gable targets for cancer therapy. The main druggable target
in the current trend is miRNA levels in cancer metabolism.
Manipulating miRNA levels will help develop miRNA-
based therapies in cancer treatments by suppressing the
expression of oncomiRs that are otherwise overexpressed
in human cancers and/or restoring the expression of TS-
miRs inactivated normally in the tumor. miRNA inhibitor-
based therapeutics inhibit levels of oncomiRs by several
methods, such as antagomiRs (anti-miRs), antisense anti-
miR oligonucleotides (AMOs), locked nucleic acid (LNA),
and miRNA sponge. While miRNA mimic-based thera-
peutics are based on synthetic miRNA sequences, they
will mimic the natural TS-miRs that can be recognized

by Dicer and Ago2 proteins.>*-°

Interaction of Gut Microbiome and
Host miRNAs in Breast Cancer

miRNAs are highly stable regulatory RNAs found in
serum and plasma at different levels.* These miRNAs

can be potential biomarkers for evaluating cancer, and

many circulating miRNAs indicative and unique to breast
cancer have been identified.*'**> Screening of such circu-
lating miRNAs on cancers can be helpful to develop non-
invasive and cost-effective novel biomarkers to identify
patients with a poor prognosis, such as triple-negative
breast cancer (TNBC) patients with early-onset, thereby
improving diagnostic, prognostic values, and treatment
options.*>** Alternatively, these miRNA markers signifi-
cantly correlate with tumor recurrence, survival rate, and
tumor grade and are also identified as subtype-specific
miRNAs acting as biomarkers for the respective cancer
subtypes.

One study showed that some of the miRNA species are
highly overexpressed in tumor samples when compared to
non-tumor samples, such as miR-21, miR-106a, and miR-
155, while some of them are comparatively under-
expressed, such as miR-126, miR-199a, and miR-335 in
a tumor sample, showing a correlation between breast
tumor tissue types and levels of circulating miRNA. In
addition, expression levels of some miRNAs such as miR-
21, miR-126, miR-155, miR-199a, and miR-335 show
association with clinicopathological characteristics of
breast cancer such as histologic tumor grades as well as
the expression of sex hormone receptors.’”*® Another
study revealed that the concentration of circulating miR-
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21 is helpful to distinguish breast cancer patients from
healthy women and recognize distant metastatic patients
from patients with locoregional recurrence.*’*® It has also
been shown that overexpression of miR-21 on breast can-
cer occurrence and progression can be used as a biomarker
in the diagnosis and prognosis of the disease.”” miR-21 is
identified as an oncogene from its tumor growth-
promoting ability, targeting tumor suppressor genes,
TPMI and PDCD4, and inhibiting their expression.”®
Circulating miRNAs can potentially be used for early
detection and monitoring of the prognosis of cancer.
A study has shown that plasma levels of miR-21, miR-
155, and miR-10b (oncomiRs) were significantly elevated
in breast cancer patients comparatively, while plasma
expression of the Let-7a (tumor suppressor miRNA) was
reduced when compared with those levels in the controls.
Alternatively, plasma levels of miR-21, miR-155, and
miR-10b were reduced after surgery, chemotherapy, or
radiotherapy, whereas Let-7a was increased after treatment
where miR155 showed a significant level of differences in
pre- and post-operative stages, suggesting a potential bio-
marker and an indicator for treatment responses in the
Luminal A subtype.’'? Additionally, metastatic luminal
A breast cancer can be distinguished by locally confined
type based on the expression level of some specific
miRNA species. miR-331 shows an elevated expression
level, while miR-195 level shows downregulation in meta-
static type when combined, can be used as biomarkers to
distinguish metastatic from local.>® Alternatively, the spe-
cific characteristic feature of luminal A from luminal B is
the upregulation of miRNA cluster miR99a/let-7¢/miR-
125b, which improves the overall survival of a patient
with luminal A cancer, especially with high miR-99a
expression, linked to favorable clinical outcome. This
miRNA cluster can be considered a possible biomarker
to distinguish luminal A from B and can be used as
a prognostic marker within the luminal A group where
some patients with luminal A show the low level of
these miRNA associated with poor overall survival.>*
with

B subtype show an elevated level of miR-195 in the
51,55

Furthermore, pre-operative patients luminal
blood, which can be used as an early biomarker.
Concerning HER2 enriched subtype, several miRNAs
identified have tumor-suppressive function on the EGFR1
pathway while inhibiting the proliferation of cancer, such
as miR-147, miR-124, and miR-193-3p. There is a loss of
expression of miR-342-5p and miR-744 in HER2-positive

BC when compared with HER2-negative breast cancers.

Let-7f, Let-7g, miR-107, miR-10b, miR-126, miR-154,
and miR-195 have been identified as HER2-positive BC-
specific miRNAs. miR-4734 and miR-150-5p are identi-
fied with prognostic values and can be used as prognostic
biomarkers in HER2-positive BC.>®

In addition, Zeng et al revealed that the plasma level of
miR-30a can be used as a diagnostic biomarker with
improved sensitivity and specificity over conventional cir-
culating markers, such as carcinoembryonic antigen
(CEA) and cancer antigen 15-3 (CA15-3), showing
reduced levels in breast cancer patients. In addition,
miR-30a levels also show a significant association with
breast cancers having ER and triple-negative status.’’
Furthermore, some studies done on the behavior of
miRNA were identified that miR-155 as a potential prog-
nostic biomarker in TNBC patients, where elevated levels
of miR-155 showed a protective action by reducing
RADS1 expression and improving better clinical outcome
for TR-based therapies in TNBC patients.***® Whereas
miR-18b, miR-103, miR-107, and miR-652 levels interact
with recurrence and reduced survival in TNBC.>® In addi-
tion, miR-376¢, miR-155 and miR-17 are identified as
biomarkers at the early-stage, while miR-10b is a late-
stage biomarker in TNBC,*® while up-regulated miR-
532-5p can be used as a potential biomarker for
prognosis.”® In addition, elevated levels of miR-138 can
be seen in TNBC types with the worst prognosis, high-
lighting its use as a diagnostic and prognostic marker
where miR-138 promotes cell proliferation and inhibits
apoptosis while targeting TUSC2, a tumor suppressor,

. . . 1
and silences its action.®

Some miRNA signatures are
correlated with larger tumor size such as miR-374, where
some (miR-105 and miR-93-3p) with elevated levels are
associated with poor survival.®* Furthermore, aberrant
levels of some miRNAs in TNBC patients are associated
with chemoresistance. Elevated levels of miR-181a are
associated with non-responsive to neo-adjuvant che-
motherapy, while low levels of miR-200c show resistance
to chemotherapy and poor response to radiotherapy.®®
Several studies revealed that miRNA signatures could be
used as diagnostic, prognostic, and predictive biomarkers
in several cancer types, especially TNBC, mainly in
patients with early-onset.**

Studies were done to identify potential oncogenic
miRNAs on breast cancer, promoting cell growth and
proliferation, cell migrations, invasion, and metastasis.®®
Several diagnostic miRNAs for early diagnosis, breast
cancer molecular subtypes, and histological subtypes;
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predictive miRNAs associated with hormone therapies,
targeted therapies, chemotherapeutic agents, radiotherapy,
and prognostic miRNAs for positive and negative prog-
nosis have been identified for breast cancer.®®*’

Alternatively, a study on the association of microbiome
with different breast cancer types identified that distinct
microbial signatures were associated with the triple-
negative and triple-positive samples but shared similar
microbial patterns in the ER-positive and HER2-positive
samples, which can be used as a diagnostic tool as well as
treatments for different cancers.®® It was identified that the
ER-positive subtype has a very diverse microbiome, while
triple-negative breast cancer has the least diverse
microbiome.*® Various bacterial genes in the gut micro-
biome can produce estrogen-metabolizing enzymes. Thus,
higher levels of endogenous estrogens and their differ-
ences in metabolism are directly related to BC risk in
postmenopausal patients. Since endogenous estrogen is
a significant risk factor, especially for postmenopausal
women, 70% of breast cancers that occur in them are
estrogen receptor-positive.’’

Hence, it was shown that the effect of the gut microbiome
on breast cancer is modulated via circulating estrogen and its
metabolites.”! The composition of microbiome present
between postmenopausal and premenopausal women is differ-
ent, resulting in the production of distinct metabolites.
Additionally, the microbes that show synergistic action during
the premenopausal stage would be competing with each other
when it comes to the postmenopausal stage. According to Zhao
et al, Bacteroidetes and Roseburia sp. show high abundance,
while Firmicutes and Parabacteroides show lower abundance
in premenopausal women. Alternatively, a higher number of
Escherichia coli and Bacteroides were seen in postmenopausal
women showing a low ratio of Firmicutes to Bacteroidetes than
that of premenopausal women.”* Since there are differences in
endogenous estrogen levels and gut microbiome composition
involving the regulation of estrogen levels in pre and postme-
nopausal women, dysbiosis of microbiota in the gut will inter-
act with elevated levels of circulating estrogen in
postmenopausal breast cancer. Such microbiome involvement
in the development and progression of breast cancer can be
a future trend in identifying novel treatment methods.”* In
addition, studies revealed that the composition of the gut
microbiome could be varied among BC women based on
their body mass, where obese women with BC have low levels
of Firmicutes, Faecalibacterium prausnitzii, and Blautia sp.
compared to patients with normal weight. Furthermore, the
availability of some bacterial groups, Clostridium leptum

cluster, Clostridium coccoides cluster, Faecalibacterium
prausnitzii, and Blautia sp. are associated with the clinical
stage of the patient where there is an elevated level shown
in BC patients with stage II/IIl when compared to patients with
stage 0/1.7+7°

In addition to the gut microbiome, a study on the mam-
mary microbiome showed that bacterial communities present
in mammary tissue do not show any difference between
tumor tissue and its adjacent normal tissue,’® but it showed
cancer-promoting activity by Escherichia coli due to its high
abundance in breast cancer patients when compared to
healthy controls.”” Several possible mechanisms by which
microbial influence can be exerted on the occurrence of
breast cancer have been identified. These include regulation
of chronic inflammation and immunity,”® genomic stability
and DNA damage’® and metabolic function.”

Most of the studies on microbiome detection have
relied on the sequencing technique of a specific region of
the bacteriall6S rRNA gene, while several studies were
based on either qPCR or a DNA array. Circulation of
digestive and microbial products in the gut can involve
the development of breast cancer as such products inter-
fere in several pathways leading to modification of gene
expression or signal transduction within the host.”
Additionally, dietary uptake/lifestyle of the host can
shape the gut microbiota population, then there could be
a negative impact from the diet for the composition of
microbiota, which leads to the progression of cancers
including breast cancer. The nature of total dietary fiber
(soluble fiber and insoluble fiber) uptake would matter for
the existence of different microbiota in the gut, which
creates an imbalance among different phylae. In the con-
text of breast cancer, a possible dysbiosis occurs among
Bacteroidetes and Firmicutes, which can be positively
adjusted by taking probiotics and a healthy diet.*

Triple-negative breast carcinoma that occurs more often in
young breast cancer patients is the highly aggressive type
among BC. Endocrine therapies and HER2-targeted therapies
are ineffective in TNBC, and chemoresistance often develops
after chemotherapy. Thus, identifying effective targeted thera-
pies for TNBC based on manipulating miRNA levels and/or
microbiome status is likely to improve prognosis.®!

Interaction of Gut Microbiome and
Host miRNAs in Colorectal Cancer
Several miRNAs have been identified with potential bio-

logical and clinical relevance in CRC.*?  Aberrant
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expression of miRNAs is associated with CRC progres-
sion, survival, and disease outcome of the patient. Studies
have proven a differential expression of miRNA levels
between colorectal cancer tissue and normal colorectal
epithelium; thus, some miRNAs enhance prognostic and
predictive values as biomarkers in colorectal cancer.
Where such miRNAs can predict the outcome of the dis-
ease, as well as the responses to chemotherapy and radio-
therapy in patients.*> Dysregulation of miRNA, will alter
its involvement in different cellular pathways leading to
cell proliferation, differentiation, apoptosis, and develop-
ment, such as WNT/B-catenin pathway, EGFR pathway,
TGF-p signaling pathway, and epithelial-to-mesenchymal
transition. Thus, identifying the involvement of miRNAs
in the above pathways could be beneficial in selecting
possible biomarkers and treatment options for CRC.%*
miRNA expression varies in different stages of CRC,
where some are expressed in the late stage of CRC, such
as miR-141, which is identified as a differential diagnostic
biomarker, and higher levels of miR-141 in plasma are
of CRC
Alternatively, serum miR-21 has been identified as

associated with poor survival cases.®
a promising biomarker for the early diagnosis and prog-
nosis of CRC. miR-21 is up-regulated in many cancers,
to be

a promising diagnostic biomarker for CRC.*® Expression

including colorectal cancer, suggesting this
of miR-21 is associated with TNM stage where high
miRNA expression occurs in later stages of CRC.®’
Overexpression of miR-21 elevates the tumor progression
associated with poor survival and response to chemother-
apy in patients. It acts as an oncogenic miRNA (oncomiR)
capable of regulating the expression levels of some cancer-
related genes PTEN, TPM1, and PDCD.® Also, miRNA
signatures can be used as diagnostic, predictive, and prog-
nostic biomarkers for CRC. miR-31 is associated with
BRAF mutation in CRCs, where it appears to be strongly
associated with the aggressive phenotype, showing poor
prognosis in patients, which demonstrated that elevated
levels of miR-31 expression are associated with BRAF
V600E mutation in IV CRC patients.*
Furthermore, elevated level of miR-31 expression has

stage

a significant association with poor mortality.”® Moreover,
there is a significant elevation of miR-21 and 31 expres-
sions can be seen even in precancerous colorectal ade-
noma, which can be used as the target for CRC
screening.®®

Alternatively, host miRNA can influence the growth
and the composition of bacteria in the gut microbiome in

an individual. Several studies have investigated the asso-
ciation of miRNA expression with the microbiome in
human CRC tumors and normal tissues.’* Studies using
new technologies such as metagenomic sequencing have
confirmed the association of the gut microbiome with
colorectal carcinogenesis, where different microbes such
as Fusobacterium nucleatum, Peptostreptococcus stoma-
tis, and Parvimonas micra are found towards the develop-
ment of CRC. Such CRC susceptibility and progression
can be influenced by the composition of the gut micro-
biome via regulating processes, such as inflammation and
DNA damage in the host by producing metabolites that
can either develop or suppress tumors. Gut microbes are
present in different sites, such as the ascending colon,
distal colon, proximal ileum, and jejunum in the gut, ful-
filling crucial functions such as producing vitamins and
metabolizing dietary compounds.”’ Out of different bac-
terial species present in the microbiome, the Firmicutes,
and Bacteroidetes phyla were shown to be in high abun-
dance in the gut. Such abundances of Firmicutes and
Bacteroidetes and Proteobacteria were correlated with dif-
ferently expressed miRNA in colorectal cancer.>* Some
studies have revealed that Bacteroidetes and Firmicutes
phyla are significantly correlated with miR-141-3p levels,
while Actinobacteria, Bacteroidetes, Cyanobacteria, and
Firmicutes show correlation with miR-200a-3p levels.*

Dysbiosis/imbalance in the microbe community in the
gut is associated with the development of CRC. CRC
patients show an increase in several gut microbes, such
as  Fusobacterium nucleatum, Bacteroides fragilis,
Escherichia coli, Enterococcus faecalis while a decrease
in microbes like Faecalibacterium, Blautia, Clostridium,
Bifidobacterium, and Roseburia sp.°'** Such imbalance
shown in gut microbiome in CRC patients from healthy
individuals tends to increase detrimental/pro-inflammatory
opportunistic pathogens while decreasing commensal bac-
terial population such as butyrate-producing bacteria.
Butyrate-producing microbes are associated with protec-
tion against CRC and colitis formation by inhibiting tumor
formation, inducing apoptosis, reducing oxidative damage,
and minimizing co-carcinogenic enzymes’ activity.
However, with the reduction of such beneficial bacterial
population in the gut, it facilitates the progression of
CRC 9293

Fusobacterium nucleatum, enterotoxigenic Bacteroides
fragilis, and colibactin-producing Escherichia coli are bac-
terial species associated with tumorigenesis. It was found
that a significant increase in Fusobacterium nucleatum in
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early-stage CRC patients shows a worse prognosis.”* In
addition, recent studies have identified Enterotoxigenic
Bacteroides Fragilis (ETBF), a subtype of B. fragilis
strain producing Bacteroides fragilis toxin (BFT) that acti-
vates certain cancer-promoting pathways in epithelial cells
of the colon, causing colon inflammation associated with
colorectal cancer.”> Dysbiosis of the colon microbiome
results in increased interleukin-17 driven inflammation,
which contributes to the carcinogenesis of colorectal can-
cer in humans. Chronic inflammation is linked to carcino-
genesis, where 20% of patients identified with ulcerative
colitis, leading to CRC development within 30 years of
onset.”®

Association Between Breast and

Colorectal Cancers
Some of the studies supported the existence of
a connection between breast cancer and colorectal cancer
in women, where a possible association is found between
the level of sex hormones and the occurrence of colorectal
cancer. Possible exposure of breast cancer patients to the
elevated levels of endogenous/exogenous sex hormones
due to parity, hormone/estrogen replacement therapies,
and breast cancer treatments (tamoxifen) may increase
the possible risk of having colorectal cancer, which is yet
controversial. Furthermore, the research identified that
patients diagnosed with breast cancer have a 60%
increased risk of getting colorectal cancer.”” Another
research work carried out by Abu-Sbeih et al identified
that patients with a history of breast cancer could have
a high incidence rate for adenomatous polyps occurrence
irrespective of the patient’s age and having a 5% chance of
getting invasive CRC. In addition, it was highlighted that
a recommendation of colonoscopy decided upon the
patient’s age of diagnosis of breast cancer. For example,
appropriate colonoscopy screening is recommended within
one year of breast cancer being diagnosed in a patient
older than 40 years.”®

Furthermore, a link between these two cancers is estab-
lished by involving a common set of miRNAs and their
behavior during disease progression. As mentioned pre-
viously, miR-21 is overexpressed in breast cancer patients
promoting cell proliferation, migration, and invasion and
thereby acts as oncomiR,* while miR-31, miR-143, and
miR-145 are known to be under-expressed in breast cancer
patients inhibiting cell proliferation.”®"'°® However, in col-
orectal cancers, the expression of miR-21 and miR-31

shows different behavior where overexpression of those
miRNAs can be seen in colorectal patients promoting
inflammation-associated  tumorigenesis.*®* In  such
a situation, it is worth counting the synergistic effects of
miRNAs in such cancer types that can occur as second de
novo malignancy in cancer survivors.'”’ Figure 2 illus-
trates the possible connection to the occurrence of color-

ectal cancer in females with a history of breast cancer.

Involvement of Host miRNAs and
the Microbiota in Immune

Regulation of Cancer

miRNA is a crucial player in human physiological activ-
ities, such as differentiation, cellular proliferation, devel-
opment, and apoptosis, but dysregulation of miRNA
expression, biogenesis, and alteration of epigenetic regula-
tion of miRNA genes may lead to tumor development
progression and response failure to therapies.'®"'%* Such
cancer-derived miRNAs can modulate immune responses
by creating an immunosuppressive tumor microenviron-
ment while

downregulating cancer immunogenicity,

thereby  protecting cancer cells from immune
clearance.'® Immunomodulatory miRNAs (im-miRNAs)
can regulate cancer immune surveillance leading to
immune escape of tumors.'®™ Such im-miRNAs are
involved in manipulating the immune response through
regulating cancer antigen processing and presentation.
For example, MHC class I cell surface exposure is
repressed by miR-27 in colorectal cancer.'®® miRNAs are
also capable of regulating PD-1 expression and modulat-
ing NK cells, which facilitate cancers to escape the
immune surveillance.'*®

Further, commensal gut microbes are essential for the
maturation of the host’s innate and adaptive immune sys-
tems, maintaining gut homeostasis, thereby developing
recognition and tolerance against opportunistic pathogen
attacks and preventing infection.'®” However, alteration of
microbial community influences immune checkpoint
blockers leading to immune dysregulation, thereby pro-
voking inflammation-inducing bacteria, which promotes
chronic inflammation directing to tumor development.'®®
Several studies revealed that gut microbes could regulate
the function of the immune system by regulating miRNA
expression.””

Alterations of the microbiome, miRNA transcriptome,
and other factors, such as chronic stress and some treat-

ments (chemotherapy), lead to immune dysregulation in
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Figure 2 Occurrence of colorectal cancer in female breast cancer patients/survivors. Well-coordinated interaction between the gut microbiome and host miRNAs is
maintained within the host, but dysbiosis of gut microbiota and aberrant expression of several host miRNAs can cause malignancies such as breast and colorectal cancers.
Alternatively, female breast cancer patients and/or survivors show a possible risk of having colorectal cancer. Levels of endogenous and/or exogenous sex hormones and
differential behavior of some common set of miRNAs cause colorectal cancer in females with a history of breast cancer.

cancer  patients, leading to  immunodeficiency/
immunosuppression.'®*'*® Such an immunosuppression
makes them prone to infectious diseases caused by oppor-
tunistic pathogens, such as viruses, which has been
a tremendous challenge throughout the decades for cancer
patients and oncologists.

In the current context, with a pandemic spreading
globally, starting from the end of 2019, the novel corona-
virus, COVID-19 (coronavirus disease of 2019) outbreak
is a type of severe acute respiratory syndrome caused by
SARS-CoV-2 virus (Severe Acute Respiratory Syndrome-
Coronavirus-2) which cause severe lower respiratory dis-
ease in immunocompromised individuals compared to

immunocompetent individuals. Such incidence is one of

the highlighted pathogenic attacks for all individuals, espe-
cially for cancer patients. Virus virulence is more critical
in disease outcomes; apart from that, several other host-
related factors such as age, gender, obesity, smoking, and
comorbidities such as cardiovascular disease, diabetes
mellitus, and cancer matter a lot concerning the severe
outcome of the disease.''® Cancer patients are known to
be immunosuppressed individuals, and the situation is
aggravated by certain forms of therapies, making them
vulnerable to infections like COVID-19, which might be
opportunistic, leading to severe consequences in such
patients. Studies in China showed a higher mortality rate
of 6% in cancer patients with COVID-19 infection than

1% in non-cancer patients. Susceptibility of cancer
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patients was evaluated to be three times more for COVID-
19 infections with a poor prognosis due to their immuno-
suppression caused by the disease and therapies adminis-
tered compared with individuals without cancer.'"
Different cancer types have different susceptibilities
towards viral infections, including COVID-19. As an
example, colorectal cancer has a greater susceptibility
towards COVID-19. Angiotensin-converting enzyme 2
(ACE2) receptor helps the coronavirus spike protein bind
to the target cell, while transmembrane serine protease 2
(TMPRSS2) enables the activation of spike protein,
thereby increasing the entry of the virus to the target
cell. Higher expression of these two proteins in the lung
epithelium increases the risk of SARS-CoV-2 virus infec-
tion. In addition to the respiratory tract, the human gastro-
intestinal tract expresses ACE2 and TMPRSS2. Moreover,
the expression is elevated in colorectal cancer. Thus, the
COVID-19 virus may infect the intestinal epithelium lead-
infection rate

ing to an increased

112,113

among CRC
patients.

However, some miRNAs can bind to viral RNA and
inhibit its translation, creating an adverse impact on the
viral genome. One research identified six different
miRNAs, namely, miR-21-3p, miR-195-5p, miR-16-5p,
miR-3065-5p, miR-424-5p, and miR-421 potential regula-
tors of human coronaviruses.''"* Alternatively, some
miRNA like miR-27b can regulate ACE2 receptor, which
is important for the entry of the coronavirus.''> Another
research reported that miRNAs 200b-3p, 200 c-3p and 429
can regulate ACE2, while TMPRSS2 can be regulated by
let-7¢c-5p, miRNA 98-5p, let-7 f-5p, let-7a-5p, let-7 g-5p,
let-7b-5p, miR-4458, let-7e-5p, let-7i-5p, let-7d-5p and
miRNA 4500."'® Such miRNAs could be promising ther-
apeutic methods for controlling proteins promoting
COVID-19 entry, especially in the gastrointestinal tract
as ACE2 and TMPRSS?2 are highly expressed in colorectal
cancers. However, the expression levels of miRNA against
the SARS-CoV-2 genome are downregulated inversely
with age, so the elderly population is unlikely to benefit
from controlling COVID-19 by miRNA-based methods
compared to younger populations.'!”

In breast cancer, due to inflammatory reactions in the
microenvironment, there is a risk of the reawakening of
(DCO),
a quiescent state upon effective treatment of primary can-

dormant cancer cells which have entered

cer. DCC may be reactivated by escaping from the meta-
static dormancy, and in instances such as SARS-CoV-2

infection, damages that occur in the respiratory tract pro-

voke sequential immune activities, leading to pro-
inflammatory responses. Such responses regulate inflam-
matory reactions and may contribute to the reawakening of

DCCs, which promotes cancer cell proliferation.'®

Promising Therapeutic Targets of

Cancer

miRNAs are modulators of the cell responsible for many
biological processes, such as proliferation, cell signaling,
differentiation, stress responses, and DNA repair. In addi-
tion, miRNAs play a pivotal role in the differentiation,
activation, and effector function of immune cells in innate
and adaptive immunity. The innate immune system will
provide an initial defense against pathogens, while adap-
tive immunity will lead to the propagation of such
a response. miRNAs can regulate leading players in the
innate immune systems, such as natural killer cells,
macrophages, and inflammatory cytokines and
chemokines."'” For example, miR-21 and miR-155 are
known to be oncomiRs (oncogenic miRNAs), and both
play a pivotal role in the immune regulatory process con-
cerning breast cancer. It was revealed that miR-21 shows
a bi-directional role during tumorigenesis where it also

120,121 and ele-

mediates an antitumor immune response,
vated levels of miR-115 in immune cells show an anti-
tumor immune response as well.'*> Such miRNAs can be
identified as a potential immunotherapeutic target for can-
cers, such as developing inhibitory-miRNA therapies
based on antisense antimiRs.

Alternatively, gut microbiota show a high contribution
towards immunotherapy of cancer, where such microbiota
regulate immune functions by modulating immune check-
point inhibitors. Most cancer immunotherapies work by
reactivating the functions of the immune cells by blocking
immune checkpoints and restoring the antitumor response
of the immune cells.'** Immune checkpoint blockade ther-
apy (ICB) is a promising immunotherapeutic method for
certain types of cancers where the gut microbiome plays
a vital role in the execution of such therapies. The com-
position of the gut microbiome determines the level of
effectiveness of PD-1 and CTLA-4 blockades. Bacterial
species such as Enterococcus, Ruminococcaceae,
Akkermansia, and Bifidobacterium are increasing the
effectiveness of PD-1 blockade therapy. Meanwhile,

genus Bacteroides shows a biphasic effect where some
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strains facilitate CTLA-4 blockade therapy, while others
negatively impact therapy efficacy.'**

Dysbiosis of gut microbiota can induce chronic inflam-
matory diseases, such as cancer, which facilitate unfavor-
able

immunotherapy. Either administering antibiotics or using

microbes in the gut, negatively impacting
prebiotics and synbiotics can enhance the colonization of
commensal microbes in the gut by excluding harmful
microbes, which is beneficial for developing antitumor
immunity activities.'*>

Several new trends are developing in the current world
concerning cancer therapies, such as using living or atte-
nuated and/or genetically modified bacteria to treat cancer.
Bacteria-assisted tumor-targeted therapy is a promising
method of using bacteria as gene or drug delivery agents
to treat cancers where bacteria alone act as an effective
antitumor agent. Some of the selected bacterial species
such as Clostridia, Bifidobacteria, and Salmonellae are
used in animal models to express tumor suppressor
genes, anti-angiogenic genes, suicide genes, or tumor-
associated antigens in a particular tumor. In addition, bac-
teria are used as immunotherapeutic agents and their tox-
ins/enzymes in cancer therapy, which are potent therapies

in the future.'?°

Conclusion

After considering all the crucial areas discussed so far
identified the relevant signatures concerning gut micro-
biomes and host miRNAs, highlighting their involvement
in the cancer occurrence via dysregulation, awareness of
such mechanisms of dysregulation of microbiomes and
miRNAs in different cancers is essential for modulating
cancer at its initiation and progression. Beyond that, both
the gut microbiome and host miRNA signatures can be
used as biomarkers to monitor the disease’s diagnosis,
prognosis, prediction, and recurrence. In addition, the pos-
sible association of two cancers (breast and colorectal)
concerning their occurrence in a patient is vital to consider
when determining the timely diagnosis at an early-stage
and after that appropriate administering treatment by con-
sidering the synergistic effects of those biomarkers for
both cancers. Furthermore, dysregulation of miRNA and
microbiome modulates the immune response in a cancer
patient directing for immunosuppression, thereby becom-
ing immunocompromised upon infections. Thus, in-depth
knowledge of the behavior of the gut microbiome and
miRNA, in particular cancer, will be very advantageous
in developing possible noninvasive biomarkers for disease

identification at an early-stage to minimize the possible
risks. Alternatively, understanding the expression-based
communication between the gut microbiome and host
miRNAs can help design druggable targets in cancer thera-
pies, such as miRNA-based therapies, to suppress the
expression of oncomiRs while restoring expression of TS-
miRs. In addition, therapeutic targets can be designed to
increase commensal microbes in the gut while decreasing
pathogenic microbes, thereby improving the gut health to
develop antitumor immune activities. Usage of antibiotics,
prebiotics, and synbiotics can boost the colonization of
commensal microbes in the gut.

Furthermore, genetically engineered bacteria alone or
with a combination of conventional methods experiment
as future therapeutic targets known as bacteria-assisted
tumor-targeted therapy to enhance the antitumor environ-
ment within cancer. In addition, immune checkpoint
blockade therapies are favorable immunotherapeutic meth-
ods that can be used to treat cancer patients with the
knowledge of the microbiome composition. In concluding
remarks, it is worth understanding the combination and
behavior of host miRNAs and gut microbiome, particu-
larly in cancer diagnosis, therapeutics, and prognosis,
while gathering essential facts for administering efficient
and effective therapeutic methods.
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