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Abstract

Background
MicroRNAs (miRs) are involved in the pathogenesis of various malignancies such as colorectal cancer
through regulating multiple cellular processes, including cell proliferation, cell cycle, apoptosis and
migrationMiR-21 and let-7 are two important genes that have con�rmed in this pathway. The role of the
let-7 gene as a gene tumor process in various cancers and the role of miR-21 in the development and
progression of cancer has been conclusively identi�ed also this gene has an oncogenic role in various
cancers. In this study, the expression patterns of miR-21 and let-7 in serum and stool samples of
colorectal cancer patients were evaluated.

Materials and Methods
During the present study, 120 samples including 40 serum samples of CRC and 40 stool samples from
the same patients and 40 healthy samples were collected. After total RNA extraction, real-time PCR was
used to measure changes in genes expression. Statistical analysis of data was performed with GraphPad
Prism statistical software (Version 6.0) with a signi�cance level of 5%.

Results
The relative expression level of miR-21 in the serum samples of CRC increased compared to the healthy
group, which was statistically signi�cant. On the other hand, the relative expression level of let-7g in the
serum samples of CRC showed a signi�cant decrease compared to the healthy sample. In stool samples,
the expression changes of either of the two genes were not signi�cant.

Conclusion
Our �ndings indicate that the relative expression of miR-21 and let-7g genes can be used as a diagnostic
or predictive biomarker in colorectal cancer serum samples. While, this is not the case in stool samples.
Moreover, further investigations at the protein level should be performed.

Introduction
Colorectal cancer is considered one of the most prevalent and lethal malignancies, worldwide [1, 2],
responsible for half million deaths annually [3, 4]. Regardless of recent progresses in cancer diagnosis
and treatment, the overall prognosis of colorectal cancer is still poor [5]. A number of these molecular
events that occur during this process have been identi�ed, but thousands of other molecules involved in
the process remain unknown, and their identi�cation is essential to detect this process as quickly as
possible and to develop therapeutic strategies [5].
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Recent research has shown that abnormal expression and activity of miRNAs are the important events in
the initiation and progression (from onset to metastasis) of various cancers, including colorectal cancer.
Different miRNAs have been reported to act as oncogenes or suppressor tumors in different cancers [6–
11].

Let-7 microRNAs are non-encoded RNAs with 22 nucleotides [12]. Let-7 microRNAs are down-regulated in
several types of cancers such as CRC, Which affects various stages such as post-transcriptional
regulation of target microRNAs, tumorigenesis and progression of colon cancer [13].

Let7g is one of the genes of the Let7 family. In fact, this family of microRNAs is the �rst family of
microRNA genes known in eukaryotes. The role of this family in a variety of cancers has been proven, and
these micro RNAs are now recognized not only as tumor suppressors of genes that can serve as
biomarkers for cancer, but also as therapeutic targets in a variety of cancers [14–16].

MiR-21 is another miRNA which functions as an oncogenic miRNA and participates in theregulation of
numerous cancer-related target genes [17–19]. MiR-21 has been shown to be upregulated through
colorectal tumorigenesis, possessing great value as an independent prognostic and predictive biomarker
[20–23]. Despite thatan enormous number of investigations have been carried out to inspect the blood
levels of circulating miR-21 in cancer patients compared to healthy individuals,the results of these studies
on the diagnostic and prognostic potential of circulating miR-21 have been inconsistent [24–26].

A growing body of evidence shows that miRNAs exhibit abnormal expression patterns in peripheral blood
samples of patients suffering from CRC, which, in turn, indicates potenatil of these miRNAs to serve as
biomarkers predicting CRC incidence and progression [27]. Recent studies in CRC have shown that mir-21
is not only associated with malignancy but also that changes in its expression are associated with drug
resistance of colorectal cancer cells [27].

Recently, due to the nature of colorectal cancer, new studies have examined changes in biological
molecules, including micro RNAs in the serum and stool of patients with this disease, to �nd new
biomarkers associated with this cancer. Several recent studies have shown changes in the serum levels
of miR-21 and let7g in the patients with various cancers, including colorectal cancer, while fewer similar
studies have been performed in the stool samples of these patients [9, 28]. Also, no similar study has
been performed in the serum or stool of patients in the study population.

Materials And Methods

Sample collection
In the present study with a case-control design, blood and stool samples were collected from 50 patients
suffering from CRC before surgery by the surgeon in Imam Reza Hospital, Tabriz University of Medical
Sciences. The samples were taken from patients who refer to the hospital from March 2018 to July 2018.
The participants received no therapies, including chemotherapy or radiotherapy. Clinicopathological
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information related to each of the available �les was reviewed and summarized in Table 1. First, sera
were separated from patients’ blood samples by centrifugation at 12,000 g for 10 min at 4 ◦C and stool
samples homogenized to extract RNA. Till RNA extraction process, all samples were instantly transported
into Qiagen RNase inhibitor solution (Cat NO: 76104) and stored at -80°.

Table 1
General Characteristic of Study patients

Parameters Number of
Patients

Relative Mir-21
expression

P
value

Relative let-7
expression

p
value

Age < 50 years 12 0.64 ± 0.36   1.25 ± 027  

Age > 50 years 28 0.95 ± 0.45   0.45 ± 0.16  

Tumor size < 2cm 26 1.14 ± 0.31   0.96 ± 0.41  

Tumor size > 2cm 14 0.46 ± 0.24   0.33 ± 0.09  

Stage I 20 1.01 ± 0.42   0.78 ± 0.31  

Stage II and III 20 0.64 ± 0.35   0.72 ± 0.52  

Grade I 21 0.97 ± 0.41   1.01 ± 0.41  

Grade II and III 19 0.75 ± 0.49   0.44 ± 0.24  

Lymph node
metastasis POS

24 0.51 ± 0.20   0.47 ± 0.19  

Lymph node
metastasis PO

16 0.71 ± 0.43   0.91 ± 0.41  

Extraction of total RNA
To isolate total RNA from prepared samples, including serum and stool samples, TRIzol RNA extraction
reagent (Cat NO: 11667165001) was used regarding to instructions provided by manufacture. After
extraction, The quantity and quality of RNA was evaluated using Nanodrop spectrophotometer (Thermo
Fisher Scienti�c, USA) considering the optical density at 260 nm and 280 wavelengths. Before
complementary DNA synthesis (cDNA) synthesis, extracted RNA samples were stored at -80°C until the.

cDNA synthesis & real-time PCR:
To determine miR-21 and let-7g levels in obtained samples, one microgram of extracted RNA was reverse
transcribed to cDNA using Exiqon miRCURY™ LNA™ miRNA RT Kit regarding to instructions supplied. The
T100 Thermocycler system (Bio-Rad, CA, USA) was used to carried out reactions at a �nal volume of 20
µl. Then, the evaluation of the mature miRNA levels was performed using the ExiLENT SYBR Green
master mix (Exiqon) at a light cycler 96 system (Roche, Germany). The speci�c primer sets for each
miRNA are provided in Table 2. Each reaction was repeated twice (duplicated) and target miRNA
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expression was normalized to U6 internal control expression levels. The 2−∆Ct method (∆Ct = Ct target gene

– Ct U6) was used to quantify the relative expression of target miRNAs.

Table 2
primer sequences used for qRT-PCR

miRNA   Product number

Let-7f Purchased from Exiqon 202105

U6 Purchased from Exiqon 218300

Mir-21 Purchased from Exiqon 202,007

Statistical Analyses:
GraphPad Prism 6 (GraphPad Software, USA) was employed to perform statistical analysis between
experimental groups. All data are presented as mean ± standard deviation. For data with normal
distribution and data with non-normal distribution, student’s t-test and Mann-Whitney test were used,
respectively. It was considered statistically signi�cant if p value was less than 0.05.

Results

Mir-21 signi�cant up-regulation in CRC serum samples
To investigate miR-21 expression levels in a set of internal samples, including 40 CRC and healthy serum
and blood samples, qRT-PCR was performed. As illustrated in Fig. 1, the obtained results evidenced that
miR-21 was signi�cantly (p value = 0.0017) up-regulated in serum samples of colorectal cancer
compared to healthy samples. But in the stool sample of patients with colorectal cancer, no signi�cant
change was observed in this gene compared to the healthy group (Pvalue= 0.731) (Fig. 2).

Low expression levels of Let-7g in CRC serum samples
Besides the miR-21 upregulation, qRT-PCR results showed that let-7g expression levels were down-
regulated in serum samples of CRC patients in comparison to healthy samples (p value = 0.019) that
shown in Fig. 3. But in the stool sample of patients with colorectal cancer, no signi�cant change was
observed in this gene compared to the healthy group (p value= 0.51) (Fig. 4).

Discussion
The current study was aimed to explore the association between miR-21 and let-7g expression patterns
and the diagnostic outcome of CRC. Recent studies have proven the relationship between miRNA
dysfunction/dysregulation and human diseases, including cancer. Despite that major number of miRNAs
are intracellular, a large number of theses regulatory have been found to be present in different body
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�uids as circulating miRNAs. Their structure are chemically stable in cell culture supernatants and body
�uids such as saliva, urine, blood and milk [29]. Results from new studies show that circulating miRNAs
could act as potential diagnostic and prognostic markers in different types of cancers and other
diseases. Additionally, early and timely diagnosis of cancer is one of the main objectives of cancer
research projects worldwide. Thus, there has been a need for non-invasive biomarkers that would improve
the early recognition of various types of cancer including CRC [30, 31]. Furthermore, the expression
pattern of miRNAs in the circulation could be related to the risk of disease development in CRC [32].

Wang and colleagues previously examined the expression pro�le of circulating miRNA in CRC patients
[16]. They evidenced that some of circulating miRNAs, including miR-203 e.g. miR-31, miR-21, miR-92a,
let-7g and miR-181b show dysregulated expression patterns CRC samples compared to healthy cases.
Besides, the expression pro�le of these miRNAs was suggested to possess great value to identify CRC
patients with high speci�city [16, 33].

Additionally, our study further con�rmed the diagnostic value of circulating miRNAs for screening of
people with CRC risk. The results gathered using qRT-PCR showed that despite no signi�cant change in
stool samples, the expression levels of miR-21 and let-7g were remarkably dysregulated in serum
samples of CRC patients. The results showed that miR-21 is highly expressed and let-7g is signi�cantly
down-regulated in in CRC serum samples, which was in consistence with previous �ndings[34]

Also, recent studies have shown that increased expression of miR-21 in patients with lung cancer can be
used as a serum indicator to diagnose lung cancer. While the cancer studied in this study is completely
different from the present study, both studies emphasize the role of this gene as a biomarker and
introduce it as a useful tool for cancer diagnosis [35].

In a study conducted by Musilova K et al. On ovarian cancer, as in our results, the expression of let-7 in
this cancer is reduced compared to control. In this study, in contrast to our study, which showed an
increased amount of this microRNA in cancer tissue, the expression of this gene in cancer cells showed a
signi�cant decrease, which indicates the role of tumor suppression in this cancer. This difference in the
results between the two studies can have different causes, the most important of which is the difference
in the type of malignancy studied in the two studies and also the different biological roles of microRNAs.
Another major difference between the two studies is the type of cancer being analyzed. In our study, colon
cancer was selected and evaluated as a target, while in the study of Musilova K, et al., Ovarian cancer
was evaluated as the target [36].

Conclusion
Our �ndings indicate that the expression patterns of miR-21 and let-7g gene can be considered as a
diagnostic/predictive target in CRC serum samples. While, this is not the case in stool samples. Moreover,
further investigations at the protein level should be performed.
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Figures

Figure 1
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The alteration of expression level of mir-21 in serum of colon cancer patients compared with healthy
group.

Figure 2

The alteration of expression level of mir-21 in stool samples of patients compared with healthy group.

Figure 3

The alteration of expression level of let-7g in serum samples of patients compared with healthy group.
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Figure 4

The alteration of expression level of let-7g in stool samples of patients compared with healthy group.


