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Abstract: Colorectal tumors are mostly of epithelial origin and represent a wide spectrum of neoplasms. About 97% of
colorectal cancer originating from benign lesions of adenomatous polyps are adenocarcinomas. Reactive oxygen species (ROS)
generating from mitochondrial DNA (mtDNA) mutations and microRNAs (miRNAs) are associated with oncogene and tumor
suppressor genes regulation which are known to parallel the tissue abnormalities involved with tumorigenesis such as
colorectal adenoma to adenocarcinoma. However, the differential expression patterns of mitochondrial associated microRNAs
(referred as MitomiRs) among colorectal adenomatous polyps progression is yet to be determined. Thus, the aim of this study
was to determine the differential expressions profiles of MitomiRs (miR-24, miR-181, miR-210, miR-21 and miR378) in
patients with colorectal adenomatous polyps tissues in correlation with clinicopathological tumor architectures of tubular,
tubulovillous, villous adenomas and adenocarcinomas. Isolation of mitochondria RNA from colorectal adenomatous polyps,
adenocarcinomas, and normal adjacent tissue samples was performed and assessed for mitochondrial associated miRNAs
expression differences using quantitative reverse transcription PCR. Data from this study demonstrates that mitochondria
genome expression of mitomiRNAs; miR-24, miR-181, miR-210, miR-21 and miR-378 in colorectal tissue samples varies
among the adenomatous polyps. Expression of mitomiRNAs 24, 181, 210 and 378 progressively increased from the
precancerous of adenomatous polyps to adenocarcinoma. In addition, miR-210 and miR-181 expression increased 3 folds in
villous adenomas and greater than 3 folds increased in miR378 in adenocarcinoma (p < 0.005) when compared to tubular
adenoma. Meanwhile, miR-21 increased progressively in adenoma tissues but decreased almost 2.5 folds in adenocarcinomas
when compared to villous adenoma tissues (p < 0.001). These results suggest mitomiRs may regulate important mitochondrial
functional pathways leading to a more favorable environment for transformation or progression of colorectal adenomatous
polyps into adenocarcinomas.

Keywords: Colorectal Adenomas, Mitochondrial microRNA (Denoted: mitomiRNAs), Reactive Oxygen Species,
CRC Tissues

CRC at the time of diagnosis [1, 2]. Colorectal tumors are
mostly of epithelial origin that represent a wide spectrum of
neoplasms. About 97% of colorectal cancer originating from
benign lesions of adenomatous polyps are adenocarcinomas
[2]. The best evaluation of colorectal tumor progression,

1. Introduction

Colorectal cancer (CRC) is the third leading cause of
cancer related deaths in both men and women in the United
States [1]. Survival rates are closely related to the stage of
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especially the early adenomas, continues to confound
clinicians and the presence of colorectal adenomas dysplasia
subtype, increases one's risk of developing colorectal cancer
[2]. There is a pressing need to gain more insights into the
biology of colorectal adenomatous polyps to facilitate the
early detection and for therapeutic measures. Several lines of
evidence have suggested that CRC is a result of multiple
mutations in both tumor suppressor genes (P>, DCC, APC,
P?") and oncogenes (KRAS, EGFR, TGF alfa) which are key
players in cell growth regulation [3-5]. Past studies have
shown that miRNAs post transcriptionally regulated gene
expression by binding to the 3’ untranslated regions of target
messenger RNAs and decrease or stop their translation to
proteins [6]. Moreover, a variety of molecular pathways
associated with cancer and various other diseases have been
attributed to miRNAs regulation [7, 8]. Recently, it was
suggested that pre-miRNAs as well as mature miRNAs are
present in the mitochondria refer to as mitomiRs. Some of
these processed pre-miRNAs sequences are actively involved
in mitochondrial transcripts or possibly exported in the
cytosol to interfere with its genomic mRNA [8]. Alterations
in miRNA expression have been described previously in
CRC creating a unique area for an alternative diagnostic
approach [9]. In addition multiple studies have reported that
miR-18a-5p, miR-21-5p, miR-29a-5p, miR-92a-5p, miR-
143-5p and miR-378-5p are the most dysregulated circulating
miRNAs in CRC [7, 8, 10] and many of these relationships
have explored in the involvement of miRNAs on CRC
mutated genes, such as TP53 [11], APC [12], and KRAS [4,
5]. Studies have indicated that miR-21 expression increases
as tumor stages progress and, also miR-21 including miR-
210 and mil81 have been linked to the regulation of reactive
oxygen species (ROS) in relevant to the clinical significance
in CRC [9, 13-16]. ROS are primarily generated during
mitochondrial respiration and both mtDNA and protein are
susceptible to insults from ROS which are produced during
oxidative phosphorylation [17]. Previous studies have
demonstrated that certain mtDNA mutations as results of
ROS damages are associated with colorectal adenomas
progression [18, 19]. Additionally, it was suggested that there
are changes in the expression of mitochondrial genes as
indicated by the progressive increased in carbonyl content
from early colorectal adenomas to adenocarcinomas. Given
that CRC is an age-related disease and accumulation of
dysfunctional mitochondria during aging can therefore
generate a considerable amount of ROS and oxidative stress.
Understanding microRNAs associated with mitochondria
(mitomiRs) regulation of protein-coding gene expression
patterns may perhaps help clarify how these diverse genetic
pathways of colorectal adenomas dysplasia subtypes are
connected and regulated. In this study we determined the
differential expression profiles of mitomiRs of 24, 181, 210,
21 and 378 among patient adenomatous polyp tissues of CRC
in correlation within clinicopathological epithelial tumor
architectures of tubular, tubulovillous, villous adenomas and
adenocarcinomas. These selected miRNAs in this study have
been previously established as a tumor suppressor or

oncogene in epithelial cancer types [10, 13, 20, 21, 22].

2. Materials and Methods
2.1. Tissue Samples

Table 1. Clinical data for 64 pairs of the colorectal tumor samples.

Variable Cases
Age, (Years) n**
Above 50 48
Below 50 16
Gender

Female 40
Male 24
Histological Stage

NormalAdjacent/TumorTissue (Pairs)

Tubular Adenoma 16
Tubulovillous Adenoma 16
Villous Adenoma 16
Adenocarcinoma Pooled* 16
Adenocarcinoma Pooled Breakdown*

Stage [ 4
Stage 11 4
Stage 111 4
Stage IV 4

n** Sample tissue size: Tumors and normal surrounding tissue samples are
in pairs.
*Pooled of stages (I-IV) and their normal adjacent tissues referred as
adenocarcinomas in this study based on American Joint Cancer Committee
criteria.

Sixty-four pairs of tissues utilized in this study were pre-
existing coded samples that were not involved in any activity
that alters therapy or patient management. The study samples
were directly from the primary archival of patient tissues
who underwent routine surgical resections through the
Cooperative Human Tissue Network of the southern region.
Protocols of these studies were implemented by the approval
of both Institutional Review Boards of Morehouse School of
Medicine and the University of Alabama at Birmingham.
Familial adenomatous polyposis, hereditary nonpolyposis
syndrome, or inflammatory bowel disease patient tissue
samples were excluded from this study. Inclusion selected
samples were adjacent normal (N) tissues obtained from
adenomatous polyps which comprise of tubular (TA),
tubulovillous (TV), villous (V) adenomas, and invasive
carcinomas, which were graded as adenocarcinoma (CA) of
pooled stages I-IV which are based on the degree of their
glandular differentiations. Stage 1 adenocarcinomas were
defined as well-differentiated, more than 85% of tumors
composed of glandular adenocarcinomas; moderately
differentiated adenocarcinomas within 50%-95% composed
of glandular tumors were defined as stages II; while stages I1I
were defined as poorly differentiated carcinomas within 49%
or less composed of glandular tumors; stages IV were poorly
differentiated carcinomas with more 50% composed of
glandular tumors. Studied tissue samples were micro-
dissected to excise adjacent normal tissues from an area at
least 5 cm away from the tumors. Diagnosis and
histopathologically staging of all tumor samples in this study
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were performed by pathologists based on the seventh edition
Tumor-Node-Metastasis (TNM) staging system of the
American Joint Committee on Cancer (AJCC). The
demographics of 64 pairs of frozen primary CRC tissues
(including tumors and their adjacent normal controls) in this
study are shown in Table 1. The breakdown of the 64 pairs of
tissues were as follows: N/TA (n=16), N/TV (n=16), N/V
(n=16), and N/CA (n=16) as shown in Table 1. Of the 64
paired tissue samples, 24 were from African Americans (AA),
38 were from Caucasians (CAU), and two were unknown
demographics. Twenty-six of the sample pairs were from
men and 38 from women, with the median age of 72.

2.2. Mitochondrial Genome Isolation

All the 64 pairs tissue specimens were micro-dissected
with the use of an Arctus PixCell II microscope (Arcturus
Engineering) to increase the quality and for replication of the

distance excised at least Scm between the colorectal tumors
and matched surrounding precancerous normal-appearing
cells. Additionally, tissue samples were histologically staged
by pathologist based on criteria of the AJCC. Isolation of
whole mitochondrial populations from each tissue samples
were performed using BioVision isolation kits according to
the manufacturer's protocols (BioVision, Research Products,
Milpitas, CA US). Quality of the isolated whole mitochondria
and the integrity of membrane were assessed using the
Mitochondria Staining Kit of JC-1 test (CS0390, Sigma, US).
This test is based on electrochemical proton gradient of
mitochondrial inner membrane. Stabilization of the extracted
whole mitochondrial samples were done by snap-freezing
immediately in cryovials and immersed in liquid nitrogen
after excision and dissection. For long-term storage, the
extracted tissue samples were transferred to 80°C freezer as
recommended for the measurement of RNA and proteins.

Table 2. Candidate MicroRNA Sequences.

MicroRNA Mature Sequence

Sequence

ACCCGGCAGUGCCUCCAGGCGCAGGGCAGCCCCUGCCCACCGCACACUGCGCUGCC

hsa-mir-210-3p

CUGUGCGUGUGACAGCGGCUGA

CCAGACCCACUGUGCGUGUGACAGCGGCUGAUCUGUGCCUGGGCAGCGCGACCC

UGUCGGGUAGCUUAUCAGACUGAUGUUGACUGUUGAAUCUCAUGGCAACACCAGU

hsamit-21-5p 1 A UGGGCUGUCUGACA

UAGCUUAUCAGACUGAUGUUGA

CUCCGGUGCCUACUGAGCUGAUAUCAGUUCUCAUUUUACACACUGGCUCAGUUCA

hsa-mir-24-3p 0 AGGAACAGGAG

UGGCUCAGUUCAGCAGGAACAG

CGGAAAAUUUGCCAAGGGUUUGGGGGAACAUUCAACCUGUCGGUGAGUUUGGGCA

hsa-mir-181c-3p

AACCAUCGACCGUUGAGUGGAC

GCUCAGGCAAACCAUCGACCGUUGAGUGGACCCUGAGGCCUGGAAUUGCCAUCCU

UACUGCCCUCGGCUUCUUUACAGUGCUGCCUUGUUGCAUAUGGAUCAAGCAGCAU

hsa-mir-103a-5p ;514 CAGGGCUAUGAAGGCAUUG

AGCAGCAUUGUACAGGGCUAUGA

GGUCAUUGAGUCUUCAAGGCUAGUGGAAAGAGCACUGGACUUGGAGGCAGAAAG

hsa-mir-378-5p ACC

ACUGGACUUGGAGGCAGAA

2.3. RNA extraction and Quantitative-PCR Analysis

Extraction of total RNA from tissue samples were
performed with RNeasyMini kits (Qiagen, Germantown, MD,
US). Briefly, Frozen whole mitochondrial samples were
homogenized on ice and washed with PBS twice following
the manufacturer’s protocol. To reduce viscosity, samples
were placed in QIAshredder (Qiagen, Germantown, MD, US)
column, after tissue homogenization. Purification of the RNA
was assessed by 1% agarose gel electrophoresis and
quantified with a Nanodrop ND-2000 spectrophotometer
(Nanodrop Technologies, Wilmington, DE, US). RNA
concentrations were adjusted to equal concentrations prior to
analysis for complementary DNA (cDNA) polymerization.
Following the manufacturer’s instructions using 500 ng of
total RNA as a template and random hexamers as primers,
reverse transcription (RT) PCR was performed with iscript
cDNA synthesis kits (BioRad, Hercules, CA, US).
Quantitative PCR was performed in a 480 Light cycler
detector (Roche Diagnostics, Indianapolis, IN, US) with a
SYBR green 1 master mix, 10 ng of cDNA, and with
designed specific primers of mitomiRNAs 24, 181, 210, 21
and 378 (Table 2). Each miRNA primer was normalized with
miR-103a-3p and with adjacent normal and tumor tissue
samples as previously demonstrated by Heidi and Latham
[23]. These five miRNA sequences (miR-24, miR-181,

miR-210, miR-21 and miR-378) were particularly chosen
based on previously published data on epithelial cancer types
[10, 13, 20-22]. These selected miRNAs have been
established as a tumor suppressor or an oncogene according
to Sanger Center miRNA Registry at
http://www.sanger.ac.uk/Software/ Rfam/mirna/index.shtml.
The biological targets prediction of the selected miRNAs and
validation of the microRNA-target interactions both in vitro
and in vivo were done using the databases (miRDB,
TargetScan, miRBase and miRTarBase) as previously
described [20]. For confirmation of primers specificity, 1%
agarose gel electrophoresis was utilized to check for the
expected single product length for each RT-qPCR transcript.
The standard curves for each primer sets were generated
using serial dilutions of pooled cDNA to standardize
variations in PCR reactions as we have previously published
in our lab [Wallace et al. 24]. To verify the melting
temperature of the amplicons after each run, melting curve
were utilized and all qPCR reactions were performed in
triplicates. To calculate the crossing point (Cp) values and the
mRNA concentrations, second-derivative maximum analysis
was used. For further calculations of each gene, the value
means of the three replicates for each sample were used and
RNA expression level ratios in tumor tissues were based on
comparisons of tumors and their adjacent normal tissues as
previously described [20]. Calculations of DCt were done by
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subtracting the Ct values of internal controls from the Ct
values of the miRNAs of interest, and mean DCt values were
compared between CRC precancerous adenomas and normal
adjacent controls.

2.4. Statistical Analysis

The expression levels of miRNA were compared between
CRC precancerous adenomas of tubular, tubulovillous,
villous and between advanced adenomas (referred as
adenocarcinoma) (stages I-IV) and the surrounding normal as
controls using the Wilcoxon- Mann-Whitney-Test (hereafter:
ANOVA test). All test values were reported as the means +
the standard error. A one-way analysis of variants (ANOVA)
was used to assess the differences using GraphPad Prism 7
software. Statistical significance was considered at p value of
P<0.05.

3. Results

The total RNA extracted from each tissue was used to
measure the expression levels of mitomiRs-24, 181, 210, 21
and 378 in CRC precancerous adenomas and stages of
adenocarcinoma (CA).

In figurel A, mitomiR-24 expression levels were varied
between pooled adenocarcinoma and all adenoma types of
tubular, tubulovillous and villous. There was a minimal
increased in the expressions of miR-24 between the earlier
adenomas and late adenoma tissues with significantly
increased in pooled adenocarcinoma (CA) (p<0.001).
However, analysis of two individual patient samples with
difference in CRC stages of various degrees of tumor cells
showed that expression levels of mitomiR-24 in
adenocarcinoma and late precancerous tissues of villous
adenoma were relatively based on the number of tumor cells
in each tissue and the stage as shown in Figures 1B and 1C.
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Figure 1. The relative expression levels of MitomiRNA-24 observed among patient tissue samples (n=64 pairs) of colorectal adenomas (tubular (1),
tubulovillous (TV), villous (V)), pooled adenocarcinoma (CA) and their normal adjacent tissues (N). A) Correlation of each clinicopathological features of
colorectal adenomas and pooled adenocarcinoma tissues with expression levels of mitomiRNA-24 in extracted mitochondria RNA. Mean expression values
from each tissue histological type were pooled and normalized to their paired normal adjacent tissues. Values are presented as relative expressions of
mitomiRNA-24 which showed markedly increased progressively from colorectal adenomas to the pooled adenocarcinomas. B) Comparison of mitomiRNA-24
expression patterns in normal adjacent, villous, and adenoma tissues based on individual patient. Patient one is defined as 77 years old white female with
stage I colon cancer. C) Comparison of mitomiRNA-24 expression patterns in 89 years old white female with stage II colon cancer. Bar diagrams show mean +

from pooled results. Asterisk (*) P<0.005.

We observed significant expression levels of mitomiR-181
with progressively increased in the sample tissues of CRC
from precancerous of tubular adenoma to the pooled
adenocarcinoma tissue (CA). Also, our results illustrated in
figures 2A and 2C are consistent with the previous study that
were observed in ovarian tumor progression [23]. This result
suggests that mitomiR-181 could be involved in tumor
progression.

Notably, mitomiR-21 expression levels increased 2.5-folds
(»<0.005) in villous adenoma tissues when compared to
tubular, tubulovillous and pooled adenocarcinoma (CA).
Figures 3A and 3B showed markedly increased colorectal
villous adenomas only compared to tubular, tubulovillous,
adenocarcinomas and their normal adjacent tissues
respectively. While progressively increased of mitomiR-21

expression levels from tubular adenoma to the pooled
adenocarcinoma (CA) within individual patient samples with
stage II of CRC tumors (Figure 3C).

As shown in Figure 4A, mitomiR-210 has a low level of
expressions in precancerous tissues of tubular and
tubulovillous adenomas when compared to villous adenoma.
Moreover, approximately 6-folds (p < 0.001) of mitomiR-210
expression levels were observed in adenocarcinoma (CA)
when compared to tubular adenomas in the pooled sample
tissues. Within the individual patient samples tissues with
CRC stage I, the differential expression levels of mitomiR-
210 were high in villous adenocarcinoma and moderately
increase in adenocarcinoma (CA) in the CRC stage II patient
tissue samples (Figures 4B and 4C).

Noteworthy, mitomiR-378 has an appreciably progressive
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increased in the level of expressions from precancerous of 21 expression levels were the only to decline in the pooled
tubular adenomas to adenocarcinoma (CA) (p = 0.005) as  adenocarcinoma tissues (Figure 3A). It suggests the down

shown in figures 5A, B, C. regulation of mitomiR-21 was becoming more stable in
Given all the studied mitomiRNAs in this study, mitomiR-  colorectal adenocarcinoma stages.
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Figure 2. The relative expression levels of MitomiRNA-181 observed among patient tissue samples (n=64 pairs) of colorectal adenomas (tubular (T),
tubulovillous (TV), villous (V)), pooled adenocarcinoma (CA) and normal adjacent tissues (N). A) Correlation of each clinicopathological features of
colorectal adenomas and adenocarcinoma tissues with expression levels of mitomiRNA-181 in extracted mitochondria RNA. Mean expression values from each
tissue histological type were pooled and normalized to their paired normal adjacent tissues. Values are presented as relative expressions of mitomiRNA-181
which showed markedly increased progressively from colorectal adenomas to the pooled adenocarcinomas. B) Comparison of mitomiRNA-181 expression
patterns in normal, villous, and adenoma tissues based on individual patient. Patient one is defined as 77 years old white female with stage I colon cancer. C)
Comparison of mitomiRNA-181 expression patterns in 89 years old white female with stage II colon cancer. Bar diagrams show mean * from pooled results.
Asterisk (*) P<0.005.
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Figure 3. The relative expression levels of MitomiRNA-21 observed among patient tissue samples (n=64 pairs) of colorectal adenomas: (tubular (T),
tubulovillous (TV), villous (V)), pooled adenocarcinoma (CA) and normal adjacent tissues (N). A) Correlation of each clinicopathological features of
colorectal adenomas and adenocarcinoma tissues with expression levels of mitomiRNA-21 in extracted mitochondria RNA. Mean expression values from each
tissue histological type were pooled and normalized to their paired normal adjacent tissues. Values are presented as relative expressions of mitomiRNA-21
which showed markedly increased colorectal villous adenomas only compared to tubular, tubulovillous and pooled adenocarcinomas. B) Comparison of
mitomiRNA-21 expression patterns in normal, villous and adenoma tissues based on individual patient. Patient one is defined as 77 years old white female
with stage I colon cancer. C) Comparison of mitomiR expression patterns in 89 years old white female with stage II colon cancer. Bar diagrams show mean +
from pooled results. Asterisk (**) P<0.001.
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Figure 4. The relative expression levels of MitomiRNA-210 observed among patient tissue samples (n=64 pairs) of colorectal adenomas, (tubular (T), tubulovillous (TV),
villous (V)), to the pooled adenocarcinoma (CA) and normal surrounding tissues (N). A) Correlation of each clinicopathological features of colorectal adenomas and
adenocarcinoma tissues with expression levels of mitomiRNA-210 in extracted mitochondria RNA. Mean expression values form each tissue histological type were
pooled and normalized to their paired normal adjacent tissues. Values are presented as relative expressions of mitomiRNA-210 which showed markedly increased
progressively from colorectal adenomas to adenocarcinomas. B) Comparison of mitomiRNA-210 expression patterns in normal, villous, and adenoma tissues based on
individual patient. Patient one is defined as 77 years old white female with stage I colon cancer. C) Comparison of mitomiRNA-210 expression patterns in 89 years old
white female with stage Il colon cancer: Bar diagrams show mean + from pooled results. Asterisk (**) P<0.001.
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Figure 5. The relative expression levels of MitomiRNA-378 observed among patient tissue samples (n=64 pairs) of colorectal adenomas. (tubular (T),
tubulovillous (TV), villous (V)), to the pooled adenocarcinoma (CA) and normal adjacent tissues (N). A) Correlation of each clinicopathological features of
colorectal adenomas and adenocarcinoma tissues with expression levels of mitomiRNA-378 in extracted mitochondria RNA. Mean expression values from each
tissue histological type were pooled and normalized to their paired normal adjacent tissue. Values are presented as relative expressions of mitomiRNA-378
which showed markedly increased progressively from the colorectal adenomas to the pooled adenocarcinomas. B) Comparison of mitomiRNA-378 expression
patterns in normal, villous, and adenoma tissues based on individual patient. Patient one is defined as 77 years old white female with stage I colon cancer. C)
Comparison of mitomiRNA-378 expression patterns in 89 years old white female with stage II colon cancer.
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Figure 6. Schematic of mitomiRNAs interactions with mitochondrial encoded genes either positive or negative suggestively. Image was created using the
Pathway Studio program and arrows indicate flow through signaling pathways, touching boxes indicate direct binding of mitomiRNAs signaling components.
Data from various articles has shown that microRNAs have both positive and negative roles on subunits involved in oxidative phosphorylation. Within this
interaction, reactive oxygen species may also play a role on the ability for mentioned microRNAs classification as an oncomiR or tumor suppressor.

4. Discussion

MitomiRs have the potential to play essential roles in cell
processes such as proliferation, differentiation, and
metastasis. MicroRNAs (miRs) have emerged as key
regulators in gene expression targeting almost 30% of the
human genome [24- 26]. Given that the cell houses another
genome aside from the nuclear genome many have
speculated that microRNAs have been encoded or in part
imported into the mitochondrial genome. This phenomenon
provides a great avenue for therapeutic and biomarker
discovery due to microRNAs roles in many tumor related
diseases such as CRC. Ma et al. demonstrated that miR-34a
expressions increased in CRC paraneoplastic tissues when
compared to cancer tissues [27]. Based on these observed
differences in the expression levels, it was suggested that
miR-34a was more of a tumor suppressor gene in CRC.
Perhaps, it could be speculated that microRNAs play various
roles in CRC pathogenesis, as well as in other cancer tissue
types. Past studies have associated mtDNA mutations with
CRC adenomas development and progression [18, 19, 28]. It
has been suggested that there are higher rates of mtDNA
mutations compared to nuclear DNA that were resulting from
ROS production during oxidative phosphorylation.
Furthermore, an increased measurement of carbonyl contents

as hallmark of oxidative stress have been involved in
colorectal tumor progression [29]. Pathogenesis of other
several age-related disorders, such as metabolic syndrome,
macular degeneration, and neurodegenerative diseases have
also been associated with oxidative stress [30]. A past study
had suggested that some of the pre-miRNA’s sequences seem
to be processed in the mitochondria and aid in synthesis of
mature miRNAs. Also, these pre-miRNAs could be
immediately activated the mitochondrial transcripts or
exported to the cytosol to be involved in mRNA-protein
functions [31].

In this study, expressions of some microRNAs of
mitochondrial-miRs (denoted as mitomiRs); miR-24, miR-
181, miR-210, miR-21 and miR378 were examined in
different CRC tissue types due their previous involvement
either inducing, inhibiting, or as a target of ROS productions
[32, 33]. Indeed, miRNA-24 has been shown to function as a
tumor suppressive gene playing an important role in human
cancer and other diseases [25]. However, other reports
indicated that miR-24 was more oncogenic promoting cell
proliferation and inhibiting apoptosis when over expressed in
breast cancer cell lines MDA-MB-435A and MDA-MB-468
[34]. Also, expression levels of miR-24 were found to be
elevated in breast cancer tissues when compared to normal
adjacent tissues [33]. Whilst expressions of miR-24 roles
were controversial among cancer cell type studies, our results
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showed that mitomiR24 progressively increased in the
expression levels among precancerous of CRC adenoma to
invasive adenocarcinoma tissues (Figure 1A). In general, our
results appeared to be similar with previously reported miR-
24 study in CRC tissues [20]. It is noteworthy that analysis of
the individual patients we observed different levels of
mitomiR-24 expressions that depend on various degrees of
tumor contents in the tissues and the stages of each patient
tissue as shown in Figures 1B and C. The results suggest that
the tumor microenvironment could be playing a huge role in
these observed mitomiR-24 expressions difference between
the two patients with different stages and tumor contents.
These results could be insightful when proposing
personalized medicine initiative.

In this study, mitomiRs-181 expressions showed an
appreciably progressive increased from colorectal tubular
adenoma to adenocarcinoma samples but not in stage I
individual sample. Parikh et al. [26] previous study has
suggested that miR-181 plays an oncogenic role in ovarian
cancer cells survival, migration, drug resistance, and invasion
by inducing TGF- that target SMAD7. The process resulted
to epithelial-mesenchymal transition in epithelial ovarian
cancer cells and tumors. Also studies with cervical cancer
cells, miR-181 inhibition led to increased apoptosis and cell
cycle arrest [35]. Moreover, high miR-181 expression levels
had been attributed to liver metastasis, and inducing EMT in
prostate cancer [36, 37]. The progressively elevated
mitomiR-181 expression levels from early CRC adenoma of
tubular to pooled invasive adenocarcinomas observed in this
study indicates that mitomiR-181 expressions acting as an
oncogene that could positively influenced the progression of
colorectal tumor of adenomas to invasive adenocarcinomas.

We also examined the mitomiR-21, 210 and 378
expressions and their association with CRC patient tissues.
We found that mitomiR-21 expression was elevated in both
aggregated tissue samples of CRC villous adenomas and in
stage I individual patient sample (Figures 3A and B). In
addition, mitomiR-21 progressively increased in CRC villous
and adenocarcinoma in stage I with different contents of
tumors (Figure C). Furthermore, we observed mitomiR-210
and 378 expressions were elevated progressively in both in
patient aggregated and individuals of stages I and II with
different tumor contents from early CRC adenomas to
invasive adenocarcinomas. The exception was the mitomiR -
210 expression was relatively elevated in villous adenoma of
individual with stage I (Figure 4B).

Even though the mitochondrial genome is only composed
of 13 genes, there are over 2000 proteins that have been
identified that participated in the overall functions of the
mitochondria [38, 39]. Past studies suggest that miRNAs of
mitochondrial origin can regulate nuclear mRNA translation
that alter cell phenotype [40-42]. Hence, elucidating the
crosstalk mechanism between the nuclear and mitochondrial
genome regarding the functional impacts of miRNAs in
tumor progressive stages and possible ROS productions, (as
shown in Figure 6), will pivotally aid in the
clinicopathological characteristics of CRC. Our lab had

reported a decreased in mitochondrial isolated COXIV-1 a
nuclear encoded subunit of complex IV with the progressive
stages of CRC adenomas [43]. This finding was strikingly
important given the role of COXIV-1 in regulating of the
mitochondrial encoded subunits of complexes IV and V, as

well as regulation of oxidative phosphorylation.
Additionally, in rat cardiomyocytes depressed COXIV-1
expression led to modulated ATP production [44]. Moreover,
COXIV-1 and COX10 another subunit of complex IV is also
a proposed target of miRNA-210. COX10 has been shown to
be involved in down-regulation of colorectal cancer cells in
response to induction of miR-210 [14].

As a potential mitomiR target, it is important to mention
that miR-210 is associated with ROS and is known to be
induced by hypoxia. Past studies indicate that the expressions
of miR-210 in colorectal tumors have a positive correlation
with hypoxic marker, carbonic anhydrate [15]. Interestingly,
it has been previously shown that miR-210 was upregulated
in colorectal cancer when compared with normal adjacent
tissues which is consistent with our results [45]. Studies
indicate that miR-210 expressions in breast cancer, non-small
cell lung cancer, glioma, and clear cell renal cancer were
relatively elevated. Also, meta-analysis shown elevated miR-
210 expressions were significantly correlated to low survival
rates in patients with different cancers [46].

Studies have shown that nuclear miRs-21 were considered
as oncogenic that are generally upregulated in many cancer
cells [47, 48]. Other studies using epithelial ovarian cancer
indicated that miRs-21 were overexpressed in tissues and cell
lines by knocked down using an inhibitor shown a significant
reduction in cell proliferation and a decreased in cell
invasions and migrations [47]. Although targets of miR-21
include PTEN, PDCD4, BTG2, and MKK3 tumor suppressor
proteins creating both pro-survival and anti-apoptotic
properties for this microRNA [32]. Its biological functions in
the development in CRC progression remains unclear. In our
study, we found mitomiR-21overexpressions in CRC villous
adenomas in both aggregated and individual stage I tissue
samples but repressed invasive adenocarcinoma. The
overexpression of mitomiR-21 in early CRC villous adenoma
could be inferred as linkage between the larger polyps
growing rapidly and mitochondrial encoded microRNA
increases during the progression of carcinogenesis,
suggesting the coordination of mitomiR-21 role in
reprogramming of CRC tumor metabolism [49].

There are several studies that focused nuclear encoded
miRs-378 functions as a tumor suppressor that plays an
important role in inhibiting tumor growth and invasion and
that reverse drug resistance to cisplatin in lung cancer [50].
Previous study demonstrated a decreased miR-378 expression
levels in gliomas with high tumor invasiveness and poor
prognosis [51, 52]. Moreover, Zeng et al., [33] indicated that
miR-378 expression alleviated in the malignant phenotypes of
colon cancer cells by inhibiting the Wnt/ B-catenin pathway,
which appears to be wupregulated in the cancer process.
This pathway is closely associated with both chronic
inflammation and oxidative stress in cancers. However, the
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role of elevated expression of mitochondrial encoded,
mitomiR-378 in CRC early colorectal tumor and
adenocarcinoma remains to be elucidated. In this study, it was
found that mitomiR-378 expressions progressively increased
from precancerous of tubular adenoma to invasive
adenocarcinoma, and in both aggregated and individual stages
I and II suggesting that mitochondrial derived mitomiR-378
positively influence CRC tumoriogenesis. Therefore, the role
of mitomiRs in the development, progression of CRC needs to
be further investigated in future studies.

5. Conclusion

Based on this study, our data indicate that miRNAs
isolated from mitochondrial (mitomiRs) are differentially
expressed among precancerous of CRC adenoma and
adenocarcinoma tissues. Moreover, our study for the first
time demonstrated higher elevation of mitomiRs expression
levels in CRC tissues of adenocarcinoma (CA) compared
with precancerous of polyps (TA, TV, V). These data
collectively suggest that mitomiRs, particularly mitomiR-378
expressions may play an important role in the transformation
of CRC. Our findings contribute to the current understanding
of the miRs derived from mitochondrial in the procedural of
CRC progression, which warrants further investigation in the
regulate of mitochondrial functionalities leading to a more
favorable environment for transformation or progression of
colorectal adenomatous polyps to adenocarcinomas.
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