
Abstract. Background: Colorectal cancer is an increasing
cause of death. Circulating microRNAs (miRs) could be great
diagnostic and prognostic biomarkers of colorectal cancer, but
further continuation of their utility is needed for their
comprehensive application. Materials and Methods: Twenty-
seven patients with colonic cancer, 16 with rectal cancer and
12 healthy volunteers as controls, were involved in this study.
Expression of miR-155, miR-21, miR-221, miR-30a, miR-34a
and miR-29a were determined by reverse transcription
polymerase chain reaction (RT-PCR) from sera of patients.
Results: Expression of miR-155, miR-21 and miR-221 was
significantly higher in rectal cancer than in colonic cancer.
There was no difference found between those with TNM1
cancer and controls for both cancer types. miR-155, miR-34a
and miR-29a were down-regulated in all patients with cancer
compared to controls. We did not find any statistically
significant up-regulation of miR-221 in patients with colonic
cancer compared to controls. In contrast, in patients with
rectal cancer, miR-221 expression was higher than in controls.
Advanced stage was also linked to higher miR-221 expression
compared to early stage. Slight, but statistically significant
increase was observed in miR-30a expression in patients with
colon cancer compared to control individuals. Conclusion:
Our results partly support previous findings. Here we report
on differences in the expression of circulating microRNA
between colonic and rectal tumours for the first time.
Colorectal tumours are becoming more and more significant

in cancer mortality. In 2015, they ranked globally in second
place. Lifestyle changes would have primarily played a role
in this trend. In addition, aging of the population is also an
important risk factor. Since aging of the world population
will continue, diagnostics and therapy need to be improved
in order to reduce mortality (1).

An understanding of the microRNA (miR) profile of
patients with cancer can lead to an accurate diagnosis and
effective therapy (2). Most published research on microRNA
has compared normal and tumour tissue. Fortunately, some
articles have appeared in recent years analysing the levels of
circulating microRNA in peripheral blood. These data have
great diagnostic and prognostic potential. Circulating
microRNAs may indicate the presence of the tumour before
the appearance of clinical symptoms and may lead to longer
survival (3). Furthermore, taking samples from the tumour
itself is unnecessary. However, the databank of circulating
microRNA expression profiles of tumours has only just
begun to develop. Moreover, for accurate diagnosis and
therapy, differentiating colonic and rectal cancer is also
essential (4).

Altered expression of miR-155 (5), miR-21 (6), miR-221
(7), miR-30a (8), miR-34a (9) and miR-29a (10) has been
measured as promising diagnostic and prognostic biomarkers
in the blood of patients with colorectal cancer, but whether
their expression differs between colonic or rectal cancer has
not been reported, as far as we are aware.

The purpose of this study was to compare the expression
of these microRNAs in the serum of patients with colonic or
rectal tumours and healthy controls.

Materials and Methods
Study participants. A total of 43 patients with histopathologically
confirmed colorectal cancer (27 with colonic cancer, 16 with rectal
cancer) (Table I) and 12 controls participated at the National
Oncology Institute between 2012 and 2015. Those who did not show
evidence of disease (including cancer, precancerous lesion, and
chronic illnesses) were selected as controls. Participants gave their
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written informed consent to use of study materials (Scientific and
Research Ethics Commission No. 52088-11/2015/EKU).

RNA isolation. The miRNAs were isolated from serum with TRI
Reagent (Sigma-Aldrich Inc., Budapest, Hungary) according to the
manufacturer’s instruction. RNA quality was checked by nano-drop
absorption photometry and only RNA fractions with A>2.0 at
260/280 nm were used for reverse transcription.

cDNA synthesis and reverse transcription polymerase chain reaction
(PCR). RNA templates of 5 μg/μl were used for cDNA synthesis by
Universal cDNA Synthesis Kit (Quiagen, Woburn, MA, USA) and
random hexamer priming. miRNA expression was determined in a
Roche LC480 system (Roche, Budaörs, Hungary). PCR primers for
miR-155, miR-21, miR-221, miR-30a, miR-34a and miR-29a were
designed using a primer finder database (www.applied-
science.roche.com) and were synthesised at TIB Molbiol, ADR
Logistics (Roche Warehouse, Budapest, Hungary). PCR master mix
contained 2 μl of specific primers, 8 μl DNA template and 10 μl
LC480 SYBR Green I Master mix in a total volume of 20 μl. PCR
was performed on a LightCycler 2.0 carousel-based PCR system
(Roche, Berlin, Germany). The 20 μl PCR reaction mixture
contained 7.2 μl of LightCycler RNA master SYBR Green I
fluorescently labelled dye, 1.3 μl Mn(OAc)2 stock solution, 2 μl
specific primer at a final concentration of 0.5 μM, 1 μl template
miRNA and 8.2 μl of water. The reaction mixture was incubated for
30 s at 95˚C, followed by 45 three-step amplification cycles (95˚C
for 5 s, 50˚C for 15 s, and 72˚C for 5 s). All runs, including

template controls (nuclease-free water), were performed in three
copies. Inter-run calibrators were used to calculate correction factors
to avoid differences between runs. Data were normalized using 5S
rRNA and U6sn RNA as endogenous references. Relative miRNA
expression levels were compared using the 2−ΔΔCT method.

Statistical analyses were performed using IBM SPSS Version 21
(IBM Corp., Armonk, NY, USA). Mann–Whitney U-test was used
to compare continuous and categorical variables based on data
analysis.

Results

miR expression in controls vs. patients, and in colonic vs.
rectal cancer. The expression of miR-155 was significantly
higher in sera of control individuals than that of patients with
colonic (p<0.001) or rectal (p<0.001) cancer. Furthermore,
miR-155 expression was significantly higher in rectal cancer
(p=0.006) than in colonic cancer.

In the case of miR-21, expression was significantly
(p=0.005) elevated in serum obtained from patients with
rectal, compared to colonic cancer. miR-221 was increased
in serum from patients with rectal cancer compared to
controls (p<0.001) and those with colonic cancer (p<0.001).
The expression of miR-30a was similarly different, although
expression was lowest in controls. 
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Table I. Selected characteristics of the study population.

                                                                                    Control                               Colonic neoplasm unspecified                       Rectal neoplasm 
                                                                                                                                           (ICD-10: C18.9)                                     (ICD-10: C20)

Age, years (95% CI)                                        59.00 (50.48-67.52)                              59.00 (50.48-67.52)                             60.81 (54.53-67.10)
Gender, n                                                       Male                    Female                      Male                     Female                      Male                    Female
TNM stage, n
   I                                                                     –                            –                               1                             4                               3                            2
   II                                                                    –                            –                               9                             2                               5                            5
   III                                                                  –                            –                               4                             6                               1                            0
   IV                                                                  –                            –                               1                             0                               0                            0
Total, n                                                             6                            6                             15                           12                               9                            7

Table II. Statistical analysis of microRNA expression: p-Values for Man–Whitney U-test. Significant differences are shown in bold.

Group comparison                             miR-155                  miR-21                      miR-221                    miR-30a                     miR-34a                  miR-29a

Control vs. colonic cancer                  <0.001                     0.442                          0.543                          0.002                        <0.001                    <0.001
Control vs. rectal cancer                     <0.001                     0.057                        <0.001                       <0.001                        <0.001                       0.002
Colonic vs. rectal cancer                       0.006                     0.005                        <0.001                          0.183                          0.705                       0.342
Control vs. TNM I                                 0.114                     0.114                          0.752                          0.113                          0.114                       –
Control vs. TNM II                             <0.001                     0.981                          0.362                          0.010                        <0.001                       0.001
Control vs. TNM III                            <0.001                     0.437                          0.007                          0.001                        <0.001                       0.001
Control vs. TNM IV                            <0.001                     0.929                          0.929                          0.065                          0.001                       0.011



For miR-29a and miR-34, levels in controls were
significantly higher than in patients with cancer, and differed
in colonic compared with rectal cancer (Table II, Figure 1).

Expression by TNM stage. Expression in patients with
TNM I cancer was not significantly different from that of
the controls for any of the studied miRNAs. Expression of
miR-155, miR-34a and miR-29a in TNM II, III and IV were
significantly lower than those of the controls. Expression
of miR-221 was elevated only in TNM III compared to the
controls (p=0.007). mir-30a expression was significantly
increased in TNM II (p=0.01) and TNM III (p=0.001) in
comparison with the controls (Figure 2).

Discussion

We found microRNAs whose expression significantly
differed from control in colonic and rectal cancer. In some
cases, we measured altered expression levels in the serum of
patients with colon cancer and rectal cancer. Furthermore, in
those with advanced tumour, expression of some microRNAs
was higher than for the controls.

According to the limited published data, high miR-155
expression, measured in blood, is a characteristic of normal
healthy tissue (characterizes controls) and high expression
results in better survival (11). We confirmed this with the

results of our study, and distinguished colorectal cancer from
rectal cancer since miR-155 expression was lower in colonic
than in rectal cancer.

Toiyama and colleagues reported elevated expression of
miR-21 in the sera of patients with colonic adenoma and
colorectal cancer (12). In our study, we found the expression
of miR-21 in patients with rectal cancer was statistically
significantly higher than in those with colonic cancer, and
differed from that of controls with only borderline
significance (p=0.057). 

Increased expression of miR-21 and miR-221 was previously
found in peripheral blood samples in patients with colorectal
cancer (10, 13). We also found that miR-221 had higher
expression in rectal than in colonic cancer and than in healthy
controls. Moreover, expression of miR-21 and miR-221 was
more pronounced at an advanced tumour stage (11-13).

Our results showed that the expression of miR-30a was
slightly, but statistically significantly higher in the blood of
patients with colonic or rectal cancer and in stage II and III
compared to controls. This is contradictory to the literature
since many publications mention that miR-30a has an anti-
metastatic effect and expression was lower in patients with
colorectal tumours (14-17). 

Acherne et al. mentioned that the level of miR-34a was
significantly lower in the blood of patients with colorectal
cancer than in healthy individuals (18). Our results are
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Figure 1. Comparison of relative microRNA (miR) expression in control, colonic cancer and rectal cancer.



consistent with this because significantly diminished
expression was measured in sera of patients with colonic and
rectal cancer and at stages II-IV compared to the controls.

The tendencies for miR-29a expression were practically
the same as those for miR-34a. Our results confirm the data
described in the literature (9, 19), namely, the expression of
miR-29a in the blood was significantly lower in colorectal
cancer and in stages greater than I.

Overall, it can be stated that with the exception of miR-30a,
we obtained similar results to those previously found.
Furthermore, we found that the expression of miR-155, miR-
21 and miR-221 in rectal cancer was significantly higher than
in colonic cancer. Our results may contribute to the better
application of studied microRNAs in the diagnosis and
prognosis of colorectal cancer.
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