
Innovation Discovery 
ISSN 2959-5150 (Online)

Published by Innovation Forever Publishing Group Limited Page 1 / 11

Open Access

MiniReview

Relevant MicroRNAs of MMPs and TIMPs with Certain Gut Microbiota 
Could Be Involved in the Invasiveness and Metastasis of Malignant Tumors
Moeka Nakashima1, Naoko Suga1, Yuka Ikeda1, Sayuri Yoshikawa1, Satoru Matsuda1*

1Department of Food Science and Nutrition, Nara Women’s University, Kita-Uoya Nishimachi, Nara, Japan

*Correspondence to: Satoru Matsuda, MD, Professor, Department of Food Science and Nutrition, Nara Women’s 
University, Kita-Uoya Nishimachi, Nara, 630-8506, Osaka, Japan; E-mail: smatsuda@cc.nara-wu.ac.jp

Abstract
Malignant tumors are heterogeneous diseases characterized by uncontrolled 
cell proliferation, invasion, and/or metastasis. In particular, cancer stem cells 
within these tumors might be responsible for the invasiveness and the property 
of recurrence of malignancies. It has been reported that matrix metalloproteases 
(MMPs) and tissue inhibitors of metalloproteinases (TIMPs) could contribute to 
the development of tumor invasiveness. Remarkably, specific MMPs can drive 
the malignant phenotype of tumors counting the acquisition of stem cell feature, in 
which STATs signaling might play an important role. Furthermore, MMPs might be 
crucial for extra-cellular matrix remodeling in the pathological condition of cancer 
stem cells. Some immune responses against cancer stem cells in the connection 
to MMPs and/or TIMPs have been revealed, which might be an important issue 
in the treatment of aggressive cancers. MicroRNAs (miRNAs) have emerged 
as favorable biomarkers owing to their important roles in gene regulation and/
or stability. Differential expression patterns of specific miRNA may be associated 
with different types of tumor. In addition, miRNAs can be detected in various body 
fluids, proposing easily available specimens for diagnostic purposes in tumor 
microenvironment. Remarkably, it has been shown that miRNA expression might 
be also related with the gut microbiota composition. Early detection and accurate 
monitoring of tumors are critical for effective treatment and/or improved patient 
outcomes. A better understanding of this mechanism of epigenetics could be of 
use to bring about innovative tactics for the treatment of malignant tumors.
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1 INTRODUCTION
MicroRNAs (miRNAs) might characterize a broad 

group of post-transcriptional gene expression regulator 
in eukaryotes. These regulatory molecules usually 
consist of 20-24 nucleotides, which may exert their 
function over various cellular processes of RNAs[1]. The 
certain miRNA could play a crucial role in diverse cancer 
cells proliferation, invasion, metastasis, resistance to 
chemotherapy, and/or immune modulation[2]. Several 
miRNAs could also play an important role in regulating 
the development of normal cells, which may also reduce 
the development of cancers via the modulation of the 
surrounding microenvironment[3] (Figure 1). In addition, 

much evidence has shown that miRNAs might regulate 
intracellular transcription, posttranscriptional gene 
expression, and mRNA decay to manage features of 
cancer stem cell. In general, cancer cells may possess 
stem-like properties[4]. Therefore, some miRNAs could 
interrupt senescence, which might maintain stemness 
properties of cancer stem cells. In fact, it has been 
reported that several miRNAs could play important 
roles in regulating the maintenance and/or acquisition 
of stem cell features[5], which could also contribute 
to cancer metastasis and/or cancer recurrence after 
therapy[6]. Owing to a deep comprehension of cancer-
relevant miRNAs, certain miRNA-based diagnosis and/or 
therapeutics have been feasible and safe in humans.
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Figure 1. Illustration of the relationship between miRNAs and some characters of tumors or cancer stem cells. 
Surrounding microenvironment with normal/cancer cells might be also involved in the connection via the regulation of 
maintenance and/or acquisition for the tumor cell features. Consequently, miRNAs could be diagnostic or therapeutic tools for 
various malignant tumors.

Cancer stem cells are a small population of 
malignant cells, which may profoundly contribute 
to tumor initiation, progression, therapy-resistance, 
and relapse, which might ultimately result in the 
mortality of host[7]. In particular, tumor recurrence 
from cancer stem cells may often occur within several 
cancer therapies, which could lead to the challenge 
of targeted cancer therapy. There has been growing 
interest in understanding the molecular mechanisms 
of cancer progression and/or therapy-resistance with 
cancer stem cells, as they are still associated with 
high mortality. Cellular strategies against specific 
characteristics of cancer stem cells might become to 
be encouraged. Interestingly, it has been reported that 
octamer-binding transcription factor 3/4 and matrix 
metalloproteinase-9 (MMP9) could be associated with 
the resistance of cancer radiotherapy[8]. In addition, it 
has been also shown a correlation between activated 
activator of transcription molecule-3 (STAT3) and the 
existence of cancer stem cells in chemoresistance-
associated tumors in ovarian cancer[9,10]. Furthermore, 
STAT3 activation might be indispensable for keeping 
cancer stem cells in brain glioblastoma[11] as well as 
in mammary adeno-carcinoma[12]. Interestingly, some 
miRNAs such as miR-221 may contribute to cancer 
tumorigenicity by regulating stemness[13].

The invasiveness and/or metastasis of malignant 
tumors may be similarly related the function of matrix 
metalloproteinases (MMPs)[14,15]. In addition, the 
expression of tissue inhibitors of metalloproteinase-1 
(TIMP1), TIMP2, and MMPs might be upregulated in 
response to various chemotherapeutic treatments in 
cancer stem cells[16]. Therefore, cancer stem cells might 
alter the expression of MMPs and/or TIMPs though the 
modulation of STAT-mediated signaling pathway[17]. 
Cancer stem cells seems to be considered as main 
reasons for invasion, metastasis, chemoresistance, 

the failure of treatment, and the concomitant poor 
prognosis. In addition, the identification of reliable and 
non-invasive biomarkers is crucial for early detection, 
accurate prognosis, and personalized therapeutic 
interventions. Here, we would like to discuss about 
the invasiveness brought by cancer stem cells on the 
basis of understanding the function of MMPs and/or 
STAT signaling with the alteration of several miRNAs. 
This review would also discuss miRNAs as biomarkers 
and/or promising cancer therapeutics, and presents 
a comprehensive summary of currently validated 
targets involved in specific signaling pathways. A 
better understanding of these mechanisms might be 
used to design more efficient cancer therapies[18]. 
Such knowledge could also be of use to engineer novel 
strategies for innovative cancer treatment.

2 MMPS, TIMPS, AND THEIR 
RELATED miRNAs COULD BE 
INVOLVED IN CANCER INVASION 

Human cells may express more than 23 different 
MMPs, which are essential for tissue development 
and/or homeostasis. In carcinogenesis, certain MMPs 
are deregulated to meet the homeostatic demand 
in the tumor development[19]. MMPs are a family of 
proteinases that could play a major role in remodeling 
of the extracellular matrix (ECM) as breakdown and/
or rapid turnover of ECM molecules, which might be 
crucial for cancer progression and metastasis[20]. In 
fact, several MMPs can promote tumor angiogenesis, 
invasion and metastasis by facil itating ECM 
degradation[21]. Hence, there has been considerable 
interest in the posttranscriptional regulation of MMPs 
via miRNAs. Some microRNAs might ultimately 
influence the translation and expression of MMP 
genes[22]. Elucidating the function and regulation of 
MMP-related miRNAs in malignant tumors may reveal 
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novel biomarkers that could enhance early detection 
and/or a complement existing therapeutics. MMPs are 
synthesized as pre-proMMPs, from which the signal 
peptide is removed during translation to produce 
mature proMMPs. MMP expression can be affected by 
several hormones, growth factors, and/or cytokines[23]. 
Higher expression of MMPs has been shown to be a 
potential marker of higher invasiveness and/or worse 
prognosis in various cancers[24]. In addition, ovarian 
hormones could affect the expression of several 
MMPs, which might participate in endometrial tissue 
remodeling during the menstrual cycles[25]. Therefore, 
MMP’s might join in supporting physiological stability 
of the endometrium. Also, increases in estrogen and/
or progesterone as well as vascular endothelial growth 
factor (VEGF) during pregnancy could promote the 
expression of several MMPs, which might be required 
for follicle rupture[26]. Interestingly, it has been shown 
that miR-145 could inhibit the proliferation and/or 
invasion of ovarian cells by regulating the expression of 
MMP2/MMP9[27] (Figure 2).

Activity of MMPs could be regulated by endogenous 
tissue inhibitors of matrix metalloproteinases (TIMPs) 
which are multifunctional proteins, belonging to a 
family of secreted and ECM bound proteins that 
naturally inhibit the proteolytic activity of MMPs[28]. 
The four TIMP family members share a substantial 
homology in their sequences[29], which could also 
regulate remodeling and turnover of the ECM[30]. The 
N-terminal domain of each TIMP proteins holds the 
inhibitory activity for the wasting potential of the 
MMPs[31]. In general, MMPs are regulated at multiple 

levels including mRNA expression, activation of the 
proenzyme to the active form, and the counteracting 
actions of those TIMPs. Therefore, MMPs such as MMP-
9 is highly correlated with tumor progression including 
invasion, angiogenesis and metastasis in pancreatic 
cancer TIMPs[32,33]. It has been shown that miR-221 
may be involved in the downregulation of TIMP3 gene 
during tumor development and that miR-221 may 
promote cell invasion through an up-regulation of 
MMP-9[34,35] (Figure 3). Increased MMPs activity and/or 
decreased TIMPs expression could lead to MMP/TIMP 
imbalance, which might result in various pathological 
conditions including cancer invasion and/or metastasis. 
For example, TIMP1 has been shown to interact with 
several MMPs, which could play a fundamental role in 
the serious spread of cancer[36]. 

3 MICROENVIRONMENT AND 
MMPS IN CANCER STEM CELLS

The microenvironment may contribute to reg-
ulating the behavior of cancer stem cells. The place 
surviving stem cells may consist of a beneficial 
microenvironment of adjacent cells and/or surrounding 
extracellular matrix, which might provide restricted 
signals that cold protect the stem cells from depletion, 
while also preventing uncontrolled proliferation[37]. Due 
to their ability to cleave, degrade, and rearrange ECM 
molecules, MMPs could modulate a variety of stem 
cell functions[38]. Interestingly, some stem cells could 
increase the expression of miR-101-3p for promoting 
the ECM remodeling[39]. In addition, MMPs could take 
an active role in determining the microenvironment 

Figure 2. Hypothetical schematic image of the relationship among MMP molecules (MMPs), immune check 
point PD-1, PD-L1, and invasion and/or metastasis of tumor cells has been presented. By inhibiting the 
function of MMPs, miR-145 could reduce the invasion and/or metastasis of malignant tumor cells. Indicated molecules 
and/or cell-types are for examples. Arrowhead means stimulation whereas hammerhead represents inhibition. Note 
that some critical pathways such as inflammation activation and/or cancer cells proliferation pathway have been 
omitted for clarity.
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Figure 3. In cancer stem cells, the activation and/or phosphorylation of STAT3 brought from the extracellular 
proinflammatory cytokine signals could eventually trigger to increase the expression of MMP family proteins 
(MMPs), which might lead to the potentiation of invasion, migration, and/or metastasis of tumor cells. MMPs 
could play a major role in remodeling of the extracellular matrix (ECM), which might be regulated by endogenous tissue 
inhibitors of matrix metalloproteinases (TIMPs). By inhibiting the function of TIMPs, miR221 could promote the invasion and/or 
metastasis of tumor cells. Arrowhead means stimulation, whereas hammerhead represents inhibition. Note that some critical 
pathways have been omitted for clarity.

of the stem cells with changing the availability of 
cytokines and/or chemokines that may affect the 
function of stem cells. For example, MMP9 could be 
associated with Kit ligand, which enables bone marrow 
populating cells to translocate to a permissive place 
that might permit the reconstitution after irradiation-
therapy. In MMP9−/− mice, release of soluble Kit 
ligand may be impaired, resulting in the failure of 
hematopoietic recovery after bone marrow removal[40]. 
MMP14 could also regulate the gene transcription of 
chemokines and/or cytokines surrounded by stem 
cells[41]. Ovary with an assistance of MMP2 for the 
cleavage of their ECM component might promote 
the proliferation of intimate stem cells[42]. However, 
the ECM cleavage by MMPs may also lead to the 
devastation of interconnected structures. In the case of 
human epidermal stem cells, long-term survival may 
be sustained by inhibiting proteolysis through MMP2 
and/or MMP14[43], which then would lead to proteolytic 
degradation of favorable place with stem cells.

There may be more complexity to the regulation 
of stem cells by MMPs rather than simple proteolytic 
degradation of ECM. For example, MMP3 has been 
suggested to possess a direct impact on the maintenance 
of epithelial stem cells in mammary glands[44]. 
Interestingly, the MMP3 could regulate stem cells in 
mammary glands independent from its proteolytic 
activity[44,45]. Hence, MMP3 could still work in the absence 
of proteolytic activity. Similarly, overexpression of inactive 
MMP3 may be enough to trigger a growth to hyperplasia 
in mammary glands[45]. In addition, MMP10 might be 
also involved in the proliferation of cancer stem cells 
in lung. It has been shown that MMP10 expression is 
associated with highly metastatic potential in human 
lung cancers[46]. These studies may provide interesting 

view for the susceptibility of signaling pathways from 
the activation of MMPs, which might stimulate stem cells 
leading to enlarged cancer possibility.

4 ACTIVATED STATS AND 
MMPS COULD CONTRIBUTE TO 
THE ENHANCED MIGRATION, 
IVASION, AND/OR METASTASIS 
OF CANCER STEM CELLS

STAT signaling pathway might also play an important 
role in various types of cancer stem cells. It has been 
shown that miR-1246 could regulate the activity of JAK/
STAT and/or PI3K/AKT pathways, which can influence 
stemness and resistance of cancer cells in addition to 
affecting cell cycle progression and proliferation[47]. 
Activation of these pathways may lead to increased, 
chemoresistance, metastatic ability in cancer[48]. Nanog 
is found at high levels in different cancer stem cells, 
which could induce stemness, self-renewal, metastasis, 
invasiveness, and chemoresistance of cancer stem cells 
at least through the STAT signaling pathway[49]. The up 
and down-regulation of Nanog may be associated with 
several important signaling pathways including JAK/
STAT and several miRNAs[50]. STAT3 may influence on 
the chemoresistance in ovarian cancer[51]. In addition, 
STAT3 could modulate the expression of several genes 
that are associated with cell proliferation, metastasis, 
angiogenesis, chemoresistance, and immune evasion 
in cancer cells[52] (Figure 3). STAT3 could be involved 
in the metastasis and chemoresistance with the 
cooperative action of MMP9[53].

Cancer metastasis and chemoresistance might be a 
complex process, during which various cells including 
cancer stem cells might communicate each other with 
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the neighboring microenvironment. Possibly, MMPs 
may be involved in the remodeling of the extracellular 
matrix in the microenvironment to allow invasion and/
or metastasis of cancer cells[54]. Therefore, several 
MMPs might be upregulated in various cancers. Among 
them, MMP2 and MMP9 are the most distinctive 
MMPs characterized by a robust proteolytic activity 
in the extracellular matrix[55], which may be linked 
to metastasis and/or poor prognosis with being 
overexpressed in tumor cells[56]. Mesenchymal stem 
cells could modulate the inflammatory reaction via the 
MMP2/STAT3 pathway[57], which could also improve the 
expression of MMPs and TIMPs via the modification of 
STAT-mediated signaling pathway[58]. On the contrary, 
inhibition of STAT3 could decrease the expression of 
MMP2 and/or MMP9, which might inhibit the proliferation 
of human glioblastoma stem cells[59].

Again, MMPs might be of crucial importance for 
invasiveness and/or chemoresistance of cancer 
cells[60]. For the implementation of invasion, cancer 
cells must adjust the activation rate of MMPs suitably 
corresponding to the solidity of surrounding ECM. STAT3 
could contribute to the invasiveness of cancer cells via 
properly upregulating the expression of MMP2 and/or 
MMP9[61]. Accordingly, their expression might correlate 
with a significant prognostic marker. In this regard, it 
has been shown that miRNAs have the potential to be 
used as good biomarkers and therapeutic targets for the 
treatment of various cancers[62,63].

5 MMPS COULD ALSO MODULATE 
THE RESPONSES OF IMMUNE 
CELLS AGAINST CANCER CELLS 
VIA THE ACTIVATION OF STAT 
MOLECULES

Cancers must have eluded immune responses to 
proliferate and expand. In fact, cancer cells could often 
escape from immune surveillance which has been 
shown to be associated with various types of immune 
cells including T regulatory (Treg) and T helper-17 
(Th17) cells[64]. Most tumor cells express antigens that 
can mediate recognition by host CD8+ T cells. STAT3 
and STAT5 could oppose one another in regulation of 
the reciprocal development of Treg and Th17 cells[65]. 
Interestingly, high levels of MMP9 detected in laryngeal 
cancer could play a critical role in the development 
of Treg cells which have an ability to suppress the 
tumor-specific CD8+ T cells[66]. In addition, increased 
production of MMP7 might cause an upsurge in the 
suppressive function of Treg cells[67]. Likewise, the 
expression of MMP9 might be correlated with the 
markers of exhaustion in Th1 cells and/or T cells[68]. 
Furthermore, upregulated expressions of MMP2 and/
or MMP9 could help the migration and/or invasiveness 
of esophageal cancer via the action of IL-17A which 

is a pro-inflammatory cytokine secreted from Th17 
cells[69]. Similarly, MMPs inhibitors might regulate 
the expression of TGF-β, consequently reducing the 
number of Treg cells[70]. Remarkably, it has been 
shown that expression of MMP7 by H. pylori infection 
could contribute to inadequate adaptive immune 
responses characterized by insufficient Th1 and/or 
Th17 immune cells[71,72]. Increased production of MMPs 
could be also enhanced by the Treg cells[67,73]. Human 
chorionic gonadotropin (hCG), a hormone essential for 
pregnancy, is also ectopically expressed by a variety 
of cancers and is associated with poor prognosis, 
which could induce the synthesis of MMP2 and/or 
MMP9, thereby increased invasiveness in the MMPs-
dependent manner. The hCG could also up-modulate 
the secretion of TGFβ and IL-10, thereby inhibiting T 
cell proliferation[74]. Interestingly, Th17 cells possess 
polyfunctional cytokine profile, and have stem cell-like 
features[75]. Moreover, by inhibiting the MMP9/AKT/NF-
κB pathway, inflammation is relieved, as reflected in 
the restoration of the Th17/Treg balance[76]. Targeting 
the STAT3 pathway in cancer cells seems to control 
the tumor formation with an impact on immune cells 
shifting to antitumor Th17 population[77]. Adhesions 
could modulate the activity of STAT5, which is critical 
for the development of Th17 and Treg cells[78].

Constitutive activation of STAT3 in cancer cells and 
immune cells in the tumor microenvironment is a crucial 
contributor to the development of chemoresistance and 
immune evasion in most cancers, which may suggest 
that combined blockade of STAT3 and PD-1 signaling 
pathways may be an effective treatment option for 
overcoming poor therapeutic outcomes associated[79]. 
Consistently, inhibition of MMP2/MMP9 may improve the 
efficacy of PD-1 or cytotoxic T lymphocyte–associated 
antigen 4 (CTLA-4) blockade therapy in the treatment 
of aggressive metastatic cancers[80]. The PD-1 or CTLA4 
checkpoint blockade are vivid therapies for several 
cancers by enhancing the activity of antitumor immune 
cells. Immune checkpoints are thoroughly related 
to tumor immune escape, which may be related to 
the poor prognosis of several tumors in the survival 
analysis[81]. ligand programmed death ligand 1 (PD-L1) 
is regulated through proteolytic cleavage by endogenous 
MMPs from stromal fibroblasts (Figure 2). For example, 
increased expression of MMP10 in stromal fibroblasts 
may be contributing to mucosal immune tolerance 
through the cleavage of cell surface PD-L1, which could 
suppress Th1 and/or Th17 immune cells response 
from activated T cells[82]. Supplementation of the MMP 
inhibitors could return the suppression of Th1/Th17 
cells. PD-L1 could be also cleaved by MMP13, while 
ligand programmed death ligand 2 (PD-L2) is sensitive 
to wider activities of various MMPs. Accordingly, MMPs 
might have a significant role in the immune checkpoint 
responses in cancer therapy. The MMPs dependent 
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cleavage of PD-L1 on stromal fibroblasts might regulate 
their immunosuppressive capacity[83]. Interestingly, 
combined treatment with MMP inhibitors and anti-
CTLA-4 antibody could obstruct the tumor growth 
and reduce the metastases compared with the anti-
CTLA-4 treatment alone in liver and/or lung cancers[84]. 
Similarly, MMP9 inhibition with an anti-MMP9 monoclonal 
antibody could elevate anti-tumor immunity[85]. 
Since PD-L1 expression has been shown to maintain 
stemness of cancer stem cells, targeting PD-L1 has 
shown promising anti-tumor effects[86]. Interestingly, it 
has been demonstrated that the delivery of aerosolized 
miRNAs targeting PD-L1 could be effective in preventing 
lung cancer development and progression in mice[87].

6 MMPS, TIMPS AND STAT3 
M A Y  B E  I N V O L V E D  I N 
PROLIFERATION AND STEMNESS 
OF CANCER CELLS 

TIMPs could stimulate cell growth, and exhibits 
an anti-apoptotic activity in addition to the MMP-
inhibitory function[88,89]. Thus, TIMPs might regulate a 
whole range of signaling pathways including mitogen 
activated protein kinase (MAPK), cyclic adenosine 
monophosphate (cAMP)-protein kinase A, and 
activation of Ras pathways to promote cell growth[90]. 
An imbalance in the expression of MMP-9 and TIMP1 
has been noted in gastric and laryngeal squamous cell 
carcinomas[91], while an imbalance in expression of 
MMP2 and TIMP2 has been reported for hepatocellular 
carcinoma[92]. In colorectal cancer, disproportionate 
expression of MMP8 and TIMP1 has been reported[93]. 
High mRNA expression of MMP2, MMP9, MMP14 and 
TIMP2 has been also reported in ovarian cancer, 
and correlated with low survival rate[94]. Abdominal 
ascites in ovarian cancer patients is enriched in MMP2, 
MMP9, and MMP14, which may play a key role in 
peritoneal dissemination[95]. The expression of TIMP2 
is ubiquitous in most cell types, where it functions as 
an endogenous inhibitor of MMPs[96]. For example, 
TIMP2 could also regulate signalling pathways by 
direct interaction with the cell surface receptors[97]. In 
addition, TIMP2 might mediate anti-angiogenic effects 
by inhibiting endothelial cell migration and invasion[98]. 
The microenvironment of tumor may deliver paracrine 
signals, which could regulate these TIMP2 dependent 
actions in cancer cells[99]. Interestingly, the expression 
of TIMPs and MMPs as well as cancer stem cells 
might be upregulated in response to chemotherapy 
treatments in cancer cells[16,100]. In particular, TIMP2 
could regulate proliferation, invasion and STAT3-
mediated cancer stem cell-dependent chemoresistance 
in ovarian cancer[101].

While stem cell expansion is important during 
active phases of tissue regeneration, unregulated 

proliferation of cancer stem cells is a recognized 
feature of various cancer cells. Taking an active role 
in shaping the microenvironment, MMPs and TIMPS 
might be able to modulate a variety of stem cells. 
For example, it has been reported that MMP7 and 
TIMP7 might cooperate to support the the epithelial-
to-mesenchymal transition and cancer stem cells[102]. 
MMP9 can cleave and mobilize Kit ligand[40,103]. MMP10 
is involved in lung tumorigenesis based on stem cells 
expansion in the background of lung cancer[46,104]. 
MMP14 could regulate several genes transcription within 
the hematopoietic stem cells, suggesting that MMP14 
could modify the microenvironment of the bone marrow 
stem cells by changing the bioavailability of cytokines 
and/or chemokines that influence the function of stem 
cells[41,105]. MMP14 also contributes to mesenchymal 
stem cell differentiation through promotion of the 
trafficking behavior of these cells into type I collagen-
rich environments[106]. Decreased expression of MMP2 
and/or MMP9 proteins might contribute to a decrease in 
the stemness of cancer cells[107]. TIMP1 has been shown 
to have a key role in glioblastoma stemness[108]. TIMP1 
was also reported to participate in various cell functions 
including proliferation and survival, leading to reduced 
sensitivity to chemotherapy in colon cancer[109]. The 
activation of STAT3 has been also revealed to correlate 
with cancer stem cells markers that confer stem cell-like 
properties to tumor cells. For example, STAT3 activation 
has been shown to correlate with the self-renewing 
CD44-positive cells in hepatocellular carcinoma[110]. 
STAT3 could also play a role in promoting the invasive 
capacities of cancer cells by regulating the expression 
of MMPs, such as MMP2 and MMP9[111]. STAT3 pathway 
contributes to the maintenance of stemness, suggesting 
that inhibition of the STAT3 pathway provides a 
promising strategy for the treatment of cancer stem 
cells[112]. MMPs, TIMPs, and STAT3 might be potential 
new targets for intervention to overcome aggressive 
invasiveness or chemoresistance in cancer stem cells. 
Interestingly, IL-6 might induce miR-503-5p expression 
through STAT3 activation and promotes the survival of 
multiple myeloma cells, suggesting that miR-503-5p is 
a potential biomarker for tumor therapy[113]. However, 
there might be a lot of work that remains to be done for 
understanding the precise roles of MMPs/TIMPs/STAT3 
axis in cancer stem cells.

7 PROSPECT
The miRNAs are potent regulators of tumorigenesis 

in various cancers. The abnormal expression of several 
miRNAs can be observed in tumor cells. The enrichment 
of various miRNAs can be also found in exosomes to 
further clarify their application as reliable diagnostic 
and prognostic modalities[114]. Evidence has shown 
that miRNAs enclosed in exosomes could be safe from 
immune attacks. In addition, the low expression level 
of several miRNAs has been well-documented based on 
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the development of RNA sequencing and microarrays. 
Interestingly, it has been shown that miRNA expression 
might be bi-directionally related with the gut microbiota 
composition[115] (Figure 1). Several bacteria such as 
B. fragilis, F. nucleatum, and/or F. prausnitzii could 
modulate the level of miRNAs in cancer cells. In addition, 
commensal bacteria could also create extracellular 
vesicles carrying non coding RNAs with a potential 
regulation of gene expression for host epithelial cells 
changing the effectiveness of the cancer treatment 
and/or cancer progression[116]. In fact, some of strains 
in gut microbiome may extensively represented in the 
early metastatic stages of colorectal cancer, while other 
strains while are more prevalent in patients with non-
invasive and intramucosal cancer[117,118]. Furthermore, 
gut microbiota and their metabolites could contribute 
to modulating the responses of the immune checkpoint 
cancer therapy[119]. Consequently, those miRNA 
interactions might facilitate cancer development, 
invasion, metastasis, and/or therapy resistance, which 
may exemplify the development of superior cancer 
therapeutic tactics. Now, investigators have instigated to 
explore the inhibitory effects of vitamin D on cancer stem 
cells[120]. Vitamin D might be useful in protecting normal 
stem cells from DNA damages via the oxidative stress, 
or inhibiting cancer stem cell growth with cell apoptosis 
by the action of autophagy[120]. In addition, vitamin D 
could increase the effectiveness of anticancer drugs as 
well as proton therapy[121,122]. Furthermore, an emerging 
role of vitamin D as an inverse agent against treatment 
resistance induced by various chemotherapies has been 
dispersed[123-126]. Cancer stem cells might be in charge for 
the treatment resistance of cancers. Interestingly, it has 
been shown that some miRNAs could be responsible for 
the anticancer activity of vitamin D in human leukemia 
and lymphoma[127].

Numerous studies have been shown that the 
crosstalk between cancer stem cells and the tumor 
microenvironment could support the survival, 
proliferation, invasion, and stemness of cancer stem 
cells[128]. In addition, cancer stem cells have been 
revealed to develop neovascularization by expressing 
various angiogenic factors, which in turn could also 
contribute to their own maintenance of cancer stem 
cells[129]. The progression of cancers may critically 
rely on the function of some components including 
cancer stem cells, tumor microenvironment and/or 
neovascularization with close relation each other. Further 
investigations are needed to fully understand the 
molecular mechanisms to improve possible treatment 
strategies and favorable clinical outcomes.
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