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ABSTRACT

Colorectal cancer (CRC) is the third most common type of cancer worldwide, currently representing the most
common gastrointestinal cancer with 13% of all malignant tumors. MicroRNAs (miRNAs) are small non-coding
RNAs that repress the translation of target genes. Since their discovery, they have been shown to play an important
role in the development of cancer, since they can act as tumor suppressors or oncogenes. A literature review was
performed in different databases such as Medline, PubMed, Cochrane, nature, Wolters Kluwer, ScienceDirect,
Scopus, SpringerLink, Wiley Online Library. Studies were included from 2003 to 2018. Colorectal cancer presents
genetic heterogeneity, because it can develop in different ways, the pathway through which cancer occurs depends on
the gene initially altered. The aberrant expression of microRNAs is implicated in the development of colorectal cancer
and its progression. Three existing steps in the maturation of the microRNAs have been identified: 1) transcription of
the pri-miRNA, 2) cleavage in the nucleus to form the pre-miRNA and 3) a final excision in the cytoplasm to form the
mature microRNA. It has been discovered that miRNAs have an impact on cell proliferation, apoptosis, stress
response, maintenance of stem cell potency and metabolism, all important factors in the etiology of cancer. The data
analyzed in this article highlights the importance of the study of microRNAs in colorectal cancer, however, for the
carcinogenic process, progression, therapeutic management and prognosis, more multicenter randomized clinical
trials are needed with a detailed analysis.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common type
of cancer worldwide, currently representing the most
common gastrointestinal cancer with 13% of all
malignant tumors.t? This cancer is the fourth most

common cancer in the United Kingdom and the main
cause of death due to malignant neoplasms.® According to
data from the Surveillance, Epidemiology, and End
Results Program (SEER) of the United States, in 2015 an
estimated 132,700 new cases of colorectal cancer were
diagnosed, representing 8% of all new cases of cancer,
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with an estimated 49,700 deaths (8.4% of all cancer
deaths in the United States).*

The incidence of colon cancer in 2016 of 95 270 and 49
190 deaths associated with this pathology, without
showing a significant predominance associated with
gender. Incidence has decreased since the mid-1980s,
from 2008 to 2012 around 4.5% per year in adults over
50 years of age, but increased 1.8% annually in patients
under 50 years of age, with a mortality rate tending to
decline 2.8% annually from 2003 to 2012.5

The mutational mechanisms associated with CRC include
epigenetic (DNA methylation) and genomic instability,
which is divided into: chromosome instability and
instability of microsatellites.®” CRC can be of non-
hereditary or sporadic cause related to errors in DNA
methylation, transcriptional silencing of tumor suppressor
genes, genes involved in cell cycle control, repair of
genetic material and apoptosis or of genetic origin related
to mutations of both tumor suppressor genes or the
presence of oncogenes, chromosomal anomalies, gene
mutation, differentiation, apoptosis and angiogenesis.®®
The instability of microsatellites is also known as a
mutator pathway, caused by errors in the repair system
due to DNA damage, mainly due to the failure of base
complementarity, generating the expansion of short
sequences in tandem and an increase in the number of
mutations. 10!

METHODS

A literature review was performed in different databases
such as Medline, PubMed, Cochrane, nature, Wolters
Kluwer, ScienceDirect, Scopus, SpringerLink, Wiley
Online Library. The keywords microRNAs, colorectal
cancer, survival, prognosis, diagnosis, biomarkers were
used. The experimental and review studies from 2014 to
2018 were included in which specific regulations of
certain MicroRNAs are specified for the diagnosis,
prognosis and/or development of colorectal cancer.

MicroRNAs

The micro-RNAs (miRNAS) are small non-coding RNAs
that repress the translation of target genes. Since its
discovery it has been shown that they play an important
role in the development of cancer, since they can act as
tumor suppressors or oncogenes; the oncogenic activity
in MiRNAs can be dependent on the type of tissue.
Currently, its usefulness has been determined as
biomarkers for diagnosis and as therapeutic targets in
pathologies such as CRC.12

MicroRNAs play an important role in physiological and
pathological processes, due to their post-transcriptional
and regulatory function of genes, found in plants, animals
and humans.® It has been discovered that miRNAs
have an impact on cell proliferation, apoptosis, stress
response, maintenance of stem cell potency and

metabolism, all important factors in the etiology of
cancer.1®

Three existing steps in the maturation of the miRNAs
have been identified: 1) transcription of the pri-miRNA,
2) excision in the nucleus to form the pre-miRNA and 3)
a final excision in the cytoplasm to form the mature
MiRNA. 617

MicroRNAs in colorectal cancer

Each cellular process is probably regulated by a miRNA,
and an aberrant expression of some miRNA is a hallmark
of several diseases, including cancer'® The alteration in
the expression of miRNA in relation to the CRC was
reported for the first time in 2003 by Michael et al,
stating the decrease in the expression of miR-143 and
miR-145.2° The miRNAs; miR-27a, miR-30b and miR-
124 have been identified as suppressors of migration and
invasion of several cell lines in CRC.2°

Slattery et al, report the expression of 94 miRNAs
differentially between tumors with stable and unstable
microsatellites for colon carcinomas and 41 for rectal
carcinomas.?> miRNAs involved in CRC, regulated at
discharge, have been described as; miR-135b, miR-21,
miR-17-92, miR-95, miR-183, miR-31, miR-201 and
miR-196a, being down-regulated miR-143, miR-145,
miR-101 , miR-34, miR-200, miR-195, miR-145, miR-
378 and miR-212.22% The increase in the expression of
miR-224 in colorectal adenomas has been described by
Bartley, suggesting that it is an early event in the
development of colorectal cancer, as well as having
function by repressing the tumor suppressor gene,
inhibiting metastasis by dissociating the interaction
between RAF1 and MEK.?42% Currently, different over-
expressed microRNAs have been collected in colorectal
neoplasms: miR-15b, miR-17-5p, miR-19a, miR-20,
miR-21, miR-29a, miR-31, miR-92, miR- 96, miR-135b,
miR-148a, miR-181b, miR-182, miR-183, miR-191,
miR-200b, miR-200c and miR-212. On the contrary, in
values lower than those existing under normal conditions
are: miR-1, miR-9-1, miR-30a-3p, miR-30a-5p, miR-30c,
miR-34a-c, miR -126, miR-129, miR-133a, miR-133b,
miR-137, miR-139, miR-143, miR-145, miR-195, miR-
342, miR-422a, miR-422b 2%

DISCUSSION

The CRC presents genetic heterogeneity, because it can
be developed by different routes, the pathway through
which the cancer takes place will depend on the initially
altered gene; for example, if an alteration occurs in a
tumor suppressor gene or in a protooncogene, such as
APC or K-RAS respectively, the suppressor pathway is
developed; if, on the contrary, the mutation occurs in a
repair gene such as MLH1 or MSH2, the mutator path is
triggered, whereas if inactivation occurs in gene
expression by epigenetic mechanisms, the cancer could
develop via of methylation.'> The aberrant expression of
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microRNAs is implicated in the development of
colorectal cancer and its progression, therefore, studies
have been conducted to use circulating microRNAs in
serum and the expression of faecal genes as non-invasive
markers for possible early detection.?® Proper control of
the expression of microRNA genes is essential to
maintain a stable state of the cellular machinery.
Recently, it was discovered that extracellular microRNAs
circulate in the blood of healthy and diseased patients,
and their ribonuclease is present in plasma and serum.
The majority of circulating microRNAs are included in
lipids or complex lipoproteins, such as apoptotic bodies,
microvesicles, or exosomes, and are, therefore, highly
stable. The existence of circulating microRNAs in the
blood of cancer patients has raised the possibility that
they can serve as a diagnostic marker.%

CONCLUSION

In the diagnosis and current medical management of the
CRC, the understanding of molecular and genetic factors
regarding the pathology involved in oncology is of great
importance, expanding our understanding of the
implications of the expressed microRNAs and the impact
according to their expression levels., requiring exhaustive
analysis of the differential expression by molecular
phenotype of the tumor. The data analyzed in this article,
highlight the importance of the study of microRNAS in
colorectal cancer, however, for the carcinogenic process,
progression, therapeutic management and prognosis,
more randomized multicenter clinical studies are needed
with a detailed analysis.

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Not required

REFERENCES

1.  Smith RET, Renaud RC, Hoffman E. Colorectal
cancer market. Nat Rev Drug Discov. 2004; 3:471—
472.

2.  Dobre M, Dinu DE, Panaitescu E, Birla RD, losif
Cl, Boeriu M, et al. Kras gene mutations—prognostic
factor in colorectal cancer. Rom J Morphol
Embryol. 2015;56 (2 Suppl):671-8.

3. Amankwatia EB, Chakravarty P, Carey FA,
Weidlich S, Steele RJ, Munro AJ, et al. MicroRNA-
224 is associated with colorectal cancer progression
and response to 5-fluorouracil-based chemotherapy
by KRAS-dependent and-independent mechanisms.
British J cancer. 2015;112(9):1480.

4.  Siegel RL, Miller KD, Jemal A. Cancer statistics,
2015. CA: a cancer J clinicians. 2015;65(1):5-29.

5. Siegel RL, Miller KD, Jemal A. Cancer statistics,
2016. CA: a cancer J clinicians. 2016;66(1):7-30.

6. Manne U, Shanmugam C, Katkouri VR, Bumpers
HL, Grizzie WE. Development and progression of
colorectal neoplasia. Cancer Biomark. 2010;9(1-
6):235-65

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Jenkinson F, Steele RJ. Colorectal cancer screening-
methodology. Surgeon. 2010;8:164-71.

Juarez Vazquez CIl, Rosales Reynoso MA.
Colorectal cancer (CRC): genetic and molecular
alterations. Medical Gazette of Mexico. 2014; 150
(2): 154-64.

Russo A, Rizzo S, Bronte G, Silvestris N, Colucci
G, Gebbia N, et al. The long and winding road to
useful predictive factors for anti-EGFR therapy in
metastatic colorectal carcinoma: the KRAS/BRAF
pathway. Oncol. 2009;77 (Suppl. 1):57-68.

Rua KA, Pefia CM. Molecular basis of colorectal
cancer. latreia 2012;25(2):137-48.

Pritchard CC, Grady WM. Colorectal cancer
molecular biology moves into clinical practice. Gut.
2011;60(1):116-29.

Clara Ibet Juarez-Vazquez, Ménica Alejandra
Rosales-Reynoso. Colorectal cancer (CRC): genetic
and molecular alterations. Medical Gazette of
Mexico. 2014;150:154-64.

Lin S, Gregory RI. MicroRNA biogenesis pathways
in cancer. Nat Rev Cancer. 2015;15(6):321.
Romero-Cordoba  SL,  Salido-Guadarrama 1,
Rodriguez-Dorantes M, Hidalgo-Miranda A.
miRNA biogenesis: biological impact in the
development of cancer. Cancer Biol Therapy.
2014;15(11):1444-55.

Gopalan V, Pillai S, Ebrahimi F, Salajegheh A, Lam
TC, Le TK, et al. Regulation of microRNA-1288 in
colorectal cancer: Altered expression and its
clinicopathological significance. Molecular
Carcinogenesis. 2014;53(S1):E36-44.

Ambros V. The functions of animal microRNAs.
Nature. 2004;431(7006):350.

Bartel DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell. 2004;116(2):281-97.
lorio MV, Croce CM. MicroRNAs in cancer: small
molecules with a huge impact. J Clinic Oncol.
2009;27(34):5848.

Michael MZ, O'Connor SM, van Holst Pellekaan
NG, Young GP, James RJ. Reduced Accumulation
of  Specific MicroRNAs in Colorectal
NeoplasiallNote: Susan M. O'Connor and Nicholas
G. van Holst Pellekaan contributed equally to this
work. Molecular Cancer Res. 2003;1(12):882-91.
Park SY, Kim H, Yoon S, Bae JA, Choi SY, Do
Jung Y, et al. KITENIN-targeting microRNA-124
suppresses colorectal cancer cell motility and
tumorigenesis. Molecular Ther. 2014;22(9):1653-
64.

Slattery ML, Herrick JS, Mullany LE, Wolff E,
Hoffman MD, Pellatt DF, et al. Colorectal tumor
molecular phenotype and miRNA: expression
profiles and  prognosis.  Modern  Pathol.
2017;29(8):915.

Schetter AJ, Okayama H, Harris CC. The role of
microRNAs in colorectal cancer. Cancer J (Sudbury,
Mass.). 2012;18(3):244.

Wu CW, Ng SC, Dong Y, Tian L, Ng SS, Leung
WW, et al. Identification of microRNA-135b in

International Journal of Research in Medical Sciences | August 2019 | Vol 7 | Issue 8 Page 3208



24,

25.

26.

27.

Cruz Escobar JE et al. Int J Res Med Sci. 2019 Aug;7(8):3206-3209

stool as a potential noninvasive biomarker for
colorectal cancer and adenoma. Clin Cancer Res.
2014;20(11):2994-3002.

Bartley AN, Yao H, Barkoh BA, Ivan C, Mishra
BM, Rashid A, et al. Complex patterns of altered

MicroRNA expression during the adenoma-
adenocarcinoma sequence for microsatellite-stable
colorectal cancer. Clin Cancer Res.

2011;17(23):7283-93.

Huang L, Dai T, Lin X, Zhao X, Chen X, Wang C,
et al. MicroRNA-224 targets RKIP to control cell
invasion and expression of metastasis genes in
human breast cancer cells. Biochemical Biophysical
Res Communications. 2012;425(2):127-33.

Ferracin M, Veronese A, Negrini M. Micromarkers:
miRNAs in cancer diagnosis and prognosis. Expert
review of molecular diagnostics. 2010;10(3):297-
308.

Nugent M, Miller N, Kerin MJ. MicroRNAs in
colorectal cancer: function, dysregulation and

International Journal of Research in Medical Sciences | August 2019 | Vol 7 | Issue 8 Page 3209

28.

29.

30.

potential as novel biomarkers. Euro J Surg Oncol
(EJSO). 2011;37(8):649-54.

Menéndez-Sanchez P, Villarejo-Campos P, Padilla-
Valverde D, Menéndez-Rubio JM, Rodriguez-
Montes JA. Tumor markers in colorectal cancer.
Surgery and Surgeons. 2013; 81 (2): 169-75.

Hollis M, Nair K, Vyas A, Chaturvedi LS, Gambhir
S, Vyas D. MicroRNAs potential utility in colon
cancer:  Early  detection, prognosis, and
chemosensitivity. World J Gastroenterol.
2015;21(27):8284.

Kosaka N, Iguchi H, Ochiya T. Circulating
microRNA in body fluid: a new potential biomarker
for cancer diagnosis and prognosis. Cancer sci.
2010;101(10):2087-92.

Cite this article as: Cruz Escobar JE, Valderrama-
Trevifio Al, Ceballos-Villalva JC, Ramirez-Guerrero
M, Mendoza-Barrera GE, Contreras-Flores EH, et al.
MicroRNAs in colorectal cancer. Int J Res Med Sci
2019;7:3206-9.




