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Abstract. Background/Aim: miRNA expression patterns
vary within primary rectal cancers and play a pivotal role in
carcinogenesis. It is unknown, however, if these regulatory
changes also play a role in local recurrent rectal cancers. In
this study, the expression of various angiogenetic small non-
coding ribonucleic acids, namely miRNA-21, miRNA-215,
miRNA-221, and miRNA-222 were analysed in cancerous
and healthy rectal tissues. Patients and Methods: miRNA
expression was analyzed via quantitative polymerase chain
reaction (qPCR). Samples were obtained from 20 patients
who were treated for local recurrent rectal cancer at the
Department for general and visceral surgery, Klinikum
Oldenburg, Germany. Results: No significant differences in
the expression of miRNA-221, miRNA-222 and miRNA-215
were observed between cancerous and healthy rectal tissues.
However, a significant differential expression was detected
for miRNA-21. Conclusion: miRNA-21 is differentially
expressed in recurrent rectal cancer tissue and healthy
tissues. However, miRNA-215, miRNA-221 and miRNA-222
are not significantly differentially expressed.

Colorectal cancer (CRC) is the third most common cancer
worldwide and the second most common cause for cancer
related death (1). In the last decades mortality from rectal

cancer declined, however, incidence has been on the rise (2).
The prognosis for CRC depends on tumor size, lymphatic
and distant metastasis. While the differentiation between
colon cancer and rectal cancer is mainly anatomical, several
studies have proven major differences on a molecular and
genetic level (3-6). Therefore, it is useful to examine each
cancer individually. Local recurrence can occur within both
entities; however, due to its narrow topography in the lesser
pelvis, research has been focused on recurrent rectal cancer. 

In addition to the above-mentioned histopathological
factors, several different biological markers regarding colon
and rectal cancer were identified. These markers were linked
to the prognosis of CRC, which led to the establishment of
targeted cancer therapy in recent years.

Immunohistopathological as well as matrix-changing
mechanisms play a role in the genesis of CRCs. The regulation
is based on various genetic transcripts, which in return can be
targeted by cancer-specific treatment modalities. Among these
regulatory factors, microRNAs (miRNAs) play a role in
tumorigenesis and tumor growth. miRNAs are small, non-
coding RNA molecules, which are involved in various
physiological and pathological processes. They play an
important role in fundamental processes such as proliferation,
differentiation, apoptosis and angiogenesis. Many miRNA
genes lie within cancer-associated genomic locations.
Mutations within these loci can lead to changes in the
expression profiles of the associated miRNAs. Therefore, it
seems reasonable to hypothesize that miRNAs play a crucial
role in various phases and processes of malignant diseases (4,
5). Various studies have shown regulatory changes and/or
expressions in genomic miRNAs for different malignancies (7-
10). Because of their stability within the post-transcriptional
process, miRNAs are promising candidates as novel markers
in the diagnosis, prognosis and therapy of cancer. The
described stability in miRNA stands out compared to other
types of RNA (e.g. mRNA, tRNA). In addition, miRNAs
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appear in almost all body fluids and are not influenced by
external environmental factors (6, 11). These characteristics
make miRNA an interesting agent to be examined. In previous
studies, various miRNAs have been examined and validated to
play a role in primary CRCs (12-15). However, their role in
locoregional recurrent rectal cancers has not yet been
evaluated. The biological behavior of CRCs depends on
immunomodulatory, angiogenetic and matrix-regulated
processes (16).Various genetic transcripts with regards to their
association with established prognostic factors were already
examined and validated by various study groups (17). 

Recent studies suggest a prominent role of miRNA-21, -215,
-221 and -222 in the pathogenesis of cancer. miRNA-21
expression is implicated in the process of intravasation.
Particularly, it correlates with invasiveness and metastasis.
Additionally, miRNA 21 seems to enhance lymphatic
metastasis. The underlying mechanisms is presumably coupled
to the tumor suppressor gene Pdcd4 (12, 18). 

Expression of miRNA-215 is significantly suppressed in
CRC. Intriguingly, the expression of miRNA-215 has been
inversely correlated with the expression of thymidylate
synthase and dihydrofolate reductase, which was associated
with reduced patient survival (19).

MiRNA-221 and -222 play a central role in angiogenesis
(20) via the inhibition of RNA translation of c-kit, stat5a and
ETS1 (16, 21, 22) (Table I). Various studies have shown that
expression of miRNA-211 and -222 was significantly higher
in CRC and their expression was correlated with the clinical
and pathological tumor stage (23).

Changes in the expression profiles of various miRNA
sequences in primary CRC have been reported. Here, the
angiogenesis of tumors plays a crucial role as this process is
targeted by current therapies (16, 24). However, none of
these changes have been examined and properly validated
for locoregional recurrences. It is unknown whether the
reported differences in primary CRC are also relevant for
recurrent rectal cancer.

Patients and Methods

Samples from cancerous and healthy rectal tissues were taken from
20 patients with a locoregional recurrent rectal cancer. The

cancerous part was taken from the malignancy, while the healthy
tissue was taken from the tumor-free tissue margin of the same
specimen. RNA of formalin fixed paraffin embedded tissue (FFPE)
was isolated with miRNeasy FFPE Kit (Qiagen, Venlo, Netherlands)
as previously described (25-27). The quality and quantity of the
isolated RNA were assessed by a Tape Station (Agilent, Santa Clara,
CA, USA). The translation of RNA into complementary DNA
(cDNA) and subsequent qPCR was performed using the miScript II
RT and miScript SYBR Green PCR Kit (Qiagen) according to
manufacturer’s recommendations. Two miRNAs (miR-16 and miR-
345) that are stably expressed in CRCs were used as endogenous
controls and for normalization (18). ΔΔCT-Method was used for the
normalization of the samples (28). RNA from two adenocarcinoma-
cell lines (SW-480 and SW-620) served as positive controls in the
qPCR reaction.

Statistics. A paired t-test was used to determine whether the
expression levels of various miRNAs were different in cancerous
tissues compared to healthy tissues. Based on various previous
studies, we expected a medium effect size (Cohen’s d) of d=0.9.
Twenty samples were necessary for a power of 0.8 and a p-value of
0.05. This study was carried out in accordance with the declaration
of Helsinki in its current version. In addition, ethics approval was
received from the ethics committee of the Carl-von-Ossietzky
University Oldenburg, Germany.

Results
All samples of the cancerous (T) and healthy tissues (N)
were examined. N=18 patients already deceased, n=2 are still
alive. These two patients gave their permission to analyze
the tissue. We were unable to show a significant difference
in the expression of miRNA-221, miRNA-222 and miRNA-
215. However, an increased expression of miRNA-21 was
shown in the cancerous tissue compared to the healthy tissue
(Figure 1). 

Discussion

MiRNAs have been a focus of research in the past few years
due to their promising role in several different diseases,
including cancer. Several studies have investigated the role
of miRNA in CRC (15, 29-32). However, to our knowledge
and available literature, no study has examined the
expression of miRNAs in recurrent CRC. 

ANTICANCER RESEARCH 40: 2947-2953 (2020)
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Table I. Association of miRNA and their clinical parameters regarding primary rectal cancer.

miRNA                                                          Target gene                                             Regulation                                                Clinical effect

miRNA-21                                             PDCD-4; CDC25a;                                   Up-regulation                                  Worse prognosis, associated 
                                                                   MSH-2; MSH-6                                                                                                  with lymphatic metastasis
miRNA-215                                           Thymidilatsynthase;                                Down-regulation                          Decreased survival rate, associated 
                                                             Dihydrofolatreduktase                                                                                           with advanced tumor stage
miRNA-221 und -222                            c-kit; stst5a; ETS1;                                    Up-regulation                                   Associated with lymphatic 
                                                                    RECK; NFKB                                                                                                  metastasis and tumor stage



Our study found an increased expression of miRNA-21
in the cancerous tissue compared to the healthy rectal tissue
(Figure 1). The role of miRNA-21 in cancer has been
extensively researched (29, 33-35) and several studies also
examined the expression and possible roles of miRNA 21
in CRC (12, 13, 30, 36). Rokkas et al. (36) have found that
miRNA-21, is a promising diagnostic biomarker in CRC.
In addition, serum miRNA-21 3p is a promising marker (as
part of 5 miRNA panel) to distinguish CRC from healthy
patients and those with colorectal adenomas (30). Orosz et
al. (48) compared the expression of circulating miRNA in
the serum and found differences between colonic and rectal
cancer patients.

In our study, we did not find any a significant difference
in the expression of miRNA-221, miRNA-222 and miRNA-

215 (Figure 1). While some studies have found a difference
in the expression of these miRNAs between cancerous
tissues and the healthy tissues (14, 37, 38), none has
examined the expression of these miRNAs in recurrent CRC
tissue. Our results could be explained by the differences in
miRNA expression between primary CRC and recurrent
CRC tissue. However, our study was influenced by several
factors that might have contributed to low quality of miRNA
in the sample or the expression of these miRNAs.

A review of miRNA expression profiles in rectal cancer
has found little overlap in the results of several different
studies (39). Technical limitations such as harvesting the
tissue samples, storage of tissue samples and technique of
measuring miRNA may influence the results. These
methodological/technical difficulties have been described as

Kotnik et al: MicroRNA in Recurrent Rectal Cancer 
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Figure 1. Comparison of miRNA expression between cancerous (T) and healthy (N) tissues (n=20). Paired t-test of the examined miRNAs (221, 222,
215 and 21). Significant difference is only seen for miRNA-21.



factors as why certain miRNAs could not be repeatedly
verified as potential markers (17, 40).

All of our 20 patients received radiochemotherapy before
surgery for either the primary rectal cancer or the recurrent
rectal cancer. Some studies have described changes in the
expression profiles after radiochemotherapy. In some
instances, a correlation between miRNA expression patterns
and response to radiochemotherapy has been observed (41,
42). Several studies have found that decreased expression of
miRNA-21was associated with good response to
radiochemotherapy in patients with CRC (42-44). The post-
therapeutic changes in the expression levels could be a
potential source of error when comparing different data sets
(i.e. comparing previous results to our own results).

FFPE samples are not the ideal material for molecular and
biological analysis. Although FFPE samples can be safely
stored at room temperature, the RNA can be degraded none
the less. In addition, chemical modifications of the RNA
(cross-linking with adjacent molecules) can hamper
downstream analysis. Different approaches have been
suggested to improve the RNA isolation despite poor RNA
quality. After isolation with the miRNeasy FFPE Kit of
Qiagen the RNA yield was low. About 10 cuts per sample
can yield 50-200 ng of total RNA to be translated into
cDNA. Principally, this is sufficient for a cDNA synthesis
with subsequent qPCR. Analysis with Agilent Tape Station
showed a strong degradation (Figure 2), which was expected
due to the long storage of the tissue samples (up to 8 years).

The strong degradation of the samples made further analysis
difficult. Due to the resulted limitation regarding the RNA
isolation, a transcriptome analysis could not be realized. It
was anticipated, that RNA isolation out of single cells after
laser capture microdissection would not yield the desired
results. Therefore, the total RNA was isolated out of 10 cuts
and cDNA was synthesized.

In vitro data have shown that single miRNA expression
profiles can predict a positive response to, for instance, 5-
FU therapy. Additionally, a modification of that expression
profile raised the sensitivity of 5-FU and improved the
overall prognosis (45). Since the identification of miRNA as
a potential regulator of gene expression, the mechanisms of
polymorphism have been examined in several studies.
Polymorphisms of the target DNA as well as the miRNA
have been identified. Moreover, one study has shown that it
influences the incidence of rectal cancer (46). Also, a direct
correlation between the overall survival of the patients has
been shown for the polymorphism of the miRNA-192 (47). 
Our analysis, however, did not consider possible
polymorphisms. This again can be seen as a possible source
of error in the evaluation of our data.

Conclusion

In summary, the role of miRNAs in the regulation of genetic
expression has been well established. Its role in
carcinogenesis, however, remains unclear. Studies that
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Figure 2. Examination of RNA quality using the Agilent Tape Station. Low RIN-values (<5) suggest strong degradation of RNA. The analysis of
RNA from cancerous and healthy tissue from 8 out of 20 patients is depicted.



analyzed patients with rectal cancer are relatively rare and
have often a small sample size. This could explain the
aforementioned lack of reproducibility of the results. Previous
findings from cancer cell lines cannot always be validated in
vivo. The effects of external factors such as nutrition and
harvesting of tissue samples are only partially known and are
not always considered/relevant in previous studies.

Our results can partially support our hypothesis. However,
it shows that miRNA-21 also plays a central role in
locoregional recurrent rectal cancer. To what extent future
technologies and/or combination of technologies such as
Nano string analysis or microarray technique will improve
data quality remains to be seen (28, 29).

The relevance of locoregional recurrent rectal cancer
needs to remain a subject of future and subsequent research.
The personalization of possible therapies must be the aim to
improve overall patient survival and quality of life.

Conflicts of Interest 

The Author(s) indicate no potential conflicts of interest related to
this study.

Authors’ Contributions

NK performed the experiments and wrote and reviewed the
manuscript; NES revised the manuscript; UR designed the
experiments; HRR performed clinical work; MB reviewed the
manuscript; HM designed the experiments and wrote the paper; AT
conceived and designed the study and wrote the paper.

Acknowledgements

This project was founded by Intramural Funding of the School of
Medicine and Health Sciences, University of Oldenburg.

References

1 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA and
Jemal A: Global cancer statistics 2018: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185
countries. CA A Cancer J Clin 68(6): 394-424, 2018.

2 Araghi M, Soerjomataram I, Jenkins M, Brierley J, Morris E,
Bray F and Arnold M: Global trends in colorectal cancer
mortality: projections to the year 2035. Int J Cancer 144(12):
2992-3000, 2019. PMID: 30536395. DOI: 10.1002/ijc.32055

3 Paschke S, Jafarov S, Staib L, Kreuser ED, Maulbecker-Armstrong
C, Roitman M, Holm T, Harris CC, Link KH and Kornmann M:
Are colon and rectal cancer two different tumor entities? A
proposal to abandon the term colorectal cancer. Int J Mol Sci 19(9):
2577, 2018. PMID: 30200215. DOI: 10.3390/ijms19092577

4 Tamas K, Walenkamp A, De Vries E, Van Vugt M, Beets-Tan R,
Van Etten B, de Groot DJ and Hospers GA: Rectal and colon
cancer: Not just a different anatomic site. Cancer Treat Rev
41(8): 671-679, 2015. PMID: 26145760. DOI: 10.1016/j.ctrv.
2015.06.007

5 Ayiomamitis GD, Notas G, Zaravinos A, Zizi-Sermpetzoglou A,
Georgiadou M, Sfakianaki O and Kouroumallis E: Differences in
telomerase activity between colon and rectal cancer. Can J Surg
57(3): 199, 2014. PMID: 24869613. DOI: 10.1503/cjs.031312

6 Azizian A, Gruber J, Ghadimi BM and Gaedcke J: MicroRNA
in rectal cancer. World J Gastrointest Oncol 8(5): 416-426, 2016.
PMID: 27190581. DOI: 10.4251/wjgo.v8.i5.416

7 Garzon R, Calin GA and Croce CM: MicroRNAs in cancer.
Annu Rev Med 60: 167-79, 2009. PMID: 19630570. DOI:
10.1146/annurev.med.59.053006.104707

8 Vishnoi A and Rani S: MiRNA biogenesis and regulation of
diseases: an overview. Methods Mol Biol 1509: 1-10, 2017.
PMID: 27826912. DOI: 10.1007/978-1-4939-6524-3_1

9 Di Leva G, Garofalo M and Croce CM: MicroRNAs in cancer.
Annu Rev Pathol 9: 287-314, 2014. PMID: 24079833. DOI:
10.1146/annurev-pathol-012513-104715

10 Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D,
Sweet-Cordero A, Ebert BL, Mak RH, Ferrando AA, Downing
JR, Jacks T, Horvitz HR and Golub TR: MicroRNA expression
profiles classify human cancers. Nature 435(7043): 834-838,
2005. PMID: 15944708. DOI: 10.1038/nature03702

11 Weber JA, Baxter DH, Zhang S, Huang DY, Huang KH, Lee MJ,
Galas DJ and Wang K: The microRNA spectrum in 12 body
fluids. Clin Chem 56(11): 1733-1741, 2010. PMID: 20847327.
DOI: 10.1373/clinchem.2010.147405

12 Asangani IA, Rasheed SA, Nikolova D, Leupold J, Colburn N, Post
S and Allgayer H: MicroRNA-21 (miR-21) post-transcriptionally
downregulates tumor suppressor Pdcd4 and stimulates invasion,
intravasation and metastasis in colorectal cancer. Oncogene 27(15):
2128-2136, 2008. PMID: 17968323. DOI: 10.1038/sj.onc.1210856

13 Strubberg AM and Madison BB: MicroRNAs in the etiology of
colorectal cancer: pathways and clinical implications. Dis Model
Mech 10(3): 197-214, 2017. PMID: 28250048. DOI: 10.1242/
dmm.027441

14 Tang X, Shi X, Wang N, Peng W and Cheng Z: MicroRNA-215-
3p suppresses the growth, migration, and invasion of colorectal
cancer by targeting FOXM1. Technol Cancer Res Treat 18:
1533033819874776, 2019. PMID: 31607224. DOI: 10.1177/
1533033819874776

15 Liu G and Li B: Role of miRNA in transformation from normal
tissue to colorectal adenoma and cancer. J Cancer Res Ther 15(2):
278-285, 2019. PMID: 30964098. DOI: 10.4103/jcrt.JCRT_135_18

16 Poliseno L1, Tuccoli A, Mariani L, Evangelista M, Citti L,
Woods K, Mercatanti A, Hammond S and Rainaldi G:
MicroRNAs modulate the angiogenic properties of HUVECs.
Blood 108(9): 3068-3071, 2006. PMID: 16849646. DOI:
10.1182/blood-2006-01-012369

17 Gaedcke J1, Grade M, Camps J, Søkilde R, Kaczkowski B,
Schetter AJ, Difilippantonio MJ, Harris CC, Ghadimi BM,
Møller S, Beissbarth T, Ried T and Litman T: The rectal cancer
microRNAome--microRNA expression in rectal cancer and
matched normal mucosa. Clin Cancer Res 18(18): 4919-4930,
2012. PMID: 22850566. DOI: 10.1158/1078-0432.CCR-12-0016

18 Vickers MM, Bar J, Gorn-Hondermann I, Yarom N,
Daneshmand M, Hanson JE, Addison CL, Asmis TR, Jonker DJ,
Maroun J, Lorimer IA, Goss GD and Dimitroulakos J: Stage-
dependent differential expression of microRNAs in colorectal
cancer: potential role as markers of metastatic disease. Clin Exp
Metastasis 29(2): 123-132, 2012. PMID: 22120473. DOI:
10.1007/s10585-011-9435-3

Kotnik et al: MicroRNA in Recurrent Rectal Cancer 

2951



19 Karaayvaz M, Pal T, Song B, Zhang C, Georgakopoulos P,
Mehmood S, Burke S, Shroyer K and Ju J: Prognostic significance
of miR-215 in colon cancer. Clin Colorectal Cancer 10(4): 340-
347, 2011. PMID: 21752725. DOI: 10.1016/j.clcc.2011.06.002

20 Celic T, Metzinger-Le Meuth V, Six I, A Massy Z and Metzinger
L: The mir-221/222 cluster is a key player in vascular biology
via the fine-tuning of endothelial cell physiology. Curr Vasc
Pharmacol 15(1): 40-46, 2017. PMID: 27633456. DOI:
10.2174/1570161114666160914175149

21 Dentelli P, Rosso A, Orso F, Olgasi C, Taverna D and Brizzi MF:
microRNA-222 controls neovascularization by regulating signal
transducer and activator of transcription 5A expression.
Arterioscler Thromb Vasc Biol 30(8): 1562-1568, 2010. PMID:
20489169. DOI: 10.1161/ATVBAHA.110.206201

22 Suárez Y, Fernández-Hernando C, Pober JS and Sessa WC:
Dicer dependent microRNAs regulate gene expression and
functions in human endothelial cells. Circ Res 100(8): 1164-
1173, 2007. PMID: 17379831. DOI: 10.1161/01.RES.0000
265065.26744.17

23 Wang W, Sun K, Wu C, Lei S, Zeng J, Wu Y and Li GX: Effect
of miR-221-specific inhibitor on the proliferation and apoptosis
of human colorectal carcinoma cells. Nan Fang Yi Ke Da Xue
Xue Bao 31(4): 674-677, 2011. PMID: 21515467.

24 Köhne CH: Successes and limitations of targeted cancer therapy
in colon cancer. Prog Tumor Res 41: 36-50, 2014. PMID:
24727985. DOI: 10.1159/000356436

25 Bradley WH, Eng K, Le M, Mackinnon AC, Kendziorski C and
Rader JS: Comparing gene expression data from formalin-fixed,
paraffin embedded tissues and qPCR with that from snap-frozen
tissue and microarrays for modeling outcomes of patients with
ovarian carcinoma. BMC Clin Pathol 15: 17, 2015. PMID:
26412982. DOI: 10.1186/s12907-015-0017-1

26 Zeka F, Vanderheyden K, De Smet E, Cuvelier CA, Mestdagh P
and Vandesompele J: Straightforward and sensitive RT-qPCR
based gene expression analysis of FFPE samples. Sci Rep 6:
21418, 2016. PMID: 26898768. DOI: 10.1038/srep21418

27 Kalmár A, Wichmann B, Galamb O, Spisák S, Tóth K, Leiszter
K, Nielsen BS, Barták BK, Tulassay Z and Molnár B: Gene-
expression analysis of a colorectal cancer-specific discriminatory
transcript set on formalin-fixed, paraffin-embedded (FFPE)
tissue samples. Diagn Pathol 10: 126, 2015. PMID: 26208990.
DOI: 10.1186/s13000-015-0363-4

28 Livak KJ and Schmittgen TD: Analysis of relative gene expression
data using real-time quantitative PCR and the 2(-Delta Delta C(T))
Method. Methods 25(4): 402-408, 2001. PMID: 11846609. DOI:
10.1006/meth.2001.1262

29 Niedźwiecki S, Piekarski J, Szymańska B, Pawłowska Z and
Jeziorski A: Serum levels of circulating miRNA-21, miRNA-10b
and miRNA-200c in triple-negative breast cancer patients.
Ginekol Pol 89(8): 415-420, 2018. PMID: 30215459. DOI:
10.5603/GP.a2018.0071

30 Gu X, Jin R, Mao X, Wang J, Yuan J and Zhao G: Prognostic
value of miRNA-181a/b in colorectal cancer: a meta-analysis.
Biomark Med 12(3): 299-308, 2018. PMID: 28841043. DOI:
10.2217/bmm-2016-0222

31 Balacescu O, Sur D, Cainap C, Visan S, Cruceriu D, Manzat-
Saplacan R, Muresan MS, Balacescu L, Lisencu C and Irimie A:
The impact of miRNA in colorectal cancer progression and its
liver metastases. Int J Mol Sci 19(12): 3711, 2018. PMID:
30469518. DOI: 10.3390/ijms19123711

32 Boussios S, Ozturk MA, Moschetta M, Karathanasi A,
Zakynthinakis-Kyriakou N, Katsanos KH, Christodoulou DK
and Pavlidis N: The developing story of predictive biomarkers
in colorectal cancer. J Pers Med 9(1): 12, 2019. PMID:
30736475. DOI: 10.3390/jpm9010012

33 Katar S, Baran O, Evran S, Cevik S, Akkaya E, Baran G, Antar
V, Hanimoglu H and Kaynar MY: Expression of miRNA-21,
miRNA-107, miRNA-137 and miRNA-29b in meningioma. Clin
Neurol Neurosurg 156: 66-70, 2017. PMID: 28349893. DOI:
10.1016/j.clineuro.2017.03.016

34 Szabó Z, Szegedi K, Gombos K, Mahua C, Flaskó T, Harda K
and Halmos G: Expression of miRNA-21 and miRNA-221 in
clear cell renal cell carcinoma (ccRCC) and their possible role
in the development of ccRCC. Urol Oncol 34(12): 533, 2016.
PMID: 27427222. DOI: 10.1016/j.urolonc.2016.06.011

35 Pfeffer SR, Yang CH and Pfeffer LM: The role of miR-21 in
cancer. Drug Dev Res 76(6): 70-7, 2015. PMID: 26082192.
DOI: 10.1002/ddr.21257

36 Rokkas T, Kothonas F, Rokka A, Koukoulis G and Symvoulakis
E: The role of circulating microRNAs as novel biomarkers in
diagnosing colorectal cancer: a meta-analysis. Eur J
Gastroenterol Hepatol 27(7): 819-825, 2015. PMID: 25856691.
DOI: 10.1097/MEG.0000000000000363

37 Chen Z, Han S, Huang W, Wu J, Liu Y, Cai S, He Y, Wu S and
Song W: MicroRNA-215 suppresses cell proliferation, migration
and invasion of colon cancer by repressing Yin-Yang 1. Biochem
Biophys Res Commun 479(3): 482-488, 2016. PMID: 27663660.
DOI: 10.1016/j.bbrc.2016.09.089

38 Yau TO, Wu CW, Dong Y, Tang CM, Ng SS, Chan FK, Sung JJ
and Yu J: microRNA-221 and microRNA-18a identification in
stool as potential biomarkers for the non-invasive diagnosis of
colorectal carcinoma. Br J Cancer 111(9): 1765-1771, 2014.
PMID: 25233396. DOI: 10.1038/bjc.2014.484

39 Azizian A, Gruber J, Ghadimi BM and Gaedcke J. MicroRNA
in rectal cancer. World J Gastrointest Oncol 8(5): 416-426, 2016.
PMID: 27190581. DOI: 10.4251/wjgo.v8.i5.416

40 Li X, Zhang G, Luo F, Ruan J, Huang D, Feng D, Xiao D, Zeng
Z, Chen X and Wu W: Identification of aberrantly expressed
miRNAs in rectal cancer. Oncol Rep 28(1): 77-84, 2012. PMID:
22576798. DOI: 10.3892/or.2012.1769 

41 Svoboda M, Sana J, Fabian P, Kocakova I, Gombosova J,
Nekvindova J, Radova L, Vyzula R and Slaby O: MicroRNA
expression profile associated with response to neoadjuvant
chemoradiotherapy in locally advanced rectal cancer patients.
Radiat Oncol 7(1): 195, 2012. PMID: 23167930. DOI:
10.1186/1748-717X-7-195

42 Drebber U, Lay M, Wedemeyer I, Vallbohmer D, Bollschweiler
E, Brabender J, Mönig SP, Hölscher AH, Dienes HP and
Odenthal M: Altered levels of the onco-microRNA 21 and the
tumor-supressor microRNAs 143 and 145 in advanced rectal
cancer indicate successful neoadjuvant chemoradiotherapy. Int J
Oncol 39(2): 409-415, 2011. PMID: 21567082. DOI: 10.3892/
ijo.2011.1036

43 Slaby O, Svoboda M, Fabian P, Smerdova T, Knoflickova D,
Bednarikova M, Nenutil R and Vyzula R: Altered expression of
miR-21, miR-31, miR-143 and miR-145 is related to
clinicopathologic features of colorectal cancer. Oncology 72(5-
6): 397-402, 2007. PMID: 18196926. DOI: 10.1159/000113489

44 Campayo M, Navarro A, Benitez JC, Santasusagna S, Ferrer C,
Monzo M and Cirera L: miR-21, miR-99b and miR-375

ANTICANCER RESEARCH 40: 2947-2953 (2020)

2952



combination as predictive response signature for preoperative
chemoradiotherapy in rectal cancer. PLos One 13(11), 2018.
PMID: 30388154. DOI: 10.1371/journal.pone.0206542

45 Salendo J, Spitzner M, Kramer F, Zhang X, Jo P, Wolff HA, Kitz
J, Kaulfuß S, Beißbarth T, Dobbelstein M, Ghadimi M, Grade M
and Gaedcke J: Identification of a microRNA expression signature
for chemoradiosensitivity of colorectal cancer cells, involving
miRNAs-320a, -224, -132 and let7g. Radiother Oncol 108(3): 451-
457, 2013. PMID: 23932154. DOI: 10.1016/j.radonc.2013.06.032

46 Naccarati A, Pardini B, Stefano L, Landi D, Slyskova J, Novotny
J, Levy M, Polakova V, Lipska L and Vodicka P: Polymorphisms
in miRNA-binding sites of nucleotide excision repair genes and
colorectal cancer risk. Carcinogenesis 33(7): 1346-1351, 2012.
PMID: 22581836. DOI: 10.1093/carcin/bgs172

47 Jang MJ, Kim JW, Min KT, Jeon YJ, Oh D and Kim NK: Prognostic
significance of microRNA gene polymorphisms in patients with
surgically resected colorectal cancer. Exp Ther Med 2(6): 1127-1132,
2011. PMID: 22977632. DOI: 10.3892/etm.2011.321

48 Orosz E, Kiss I, Gyöngyi Z and Varjas T: Expression of
circulating miR-155, miR-21, miR-221, miR-34a and miR-29a:
Comparison of colonic and rectal cancer. In Vivo 32(6): 1333-
1337, 2018. PMID: 30348685. DOI: 10.21873/invivo.11383

Received April 5, 2020
Revised April 11, 2020
Accepted April 12, 2020

Kotnik et al: MicroRNA in Recurrent Rectal Cancer 

2953



Instructions for Authors 2020
General Policy. ANTICANCER RESEARCH (AR) will accept original high quality works and reviews on all aspects of experimental
and clinical cancer research. The Editorial Policy suggests that priority will be given to papers advancing the understanding of cancer
causation, and to papers applying the results of basic research to cancer diagnosis, prognosis, and therapy. AR will also accept the following
for publication: (a) Abstracts and Proceedings of scientific meetings on cancer, following consideration and approval by the Editorial
Board; (b) Announcements of meetings related to cancer research; (c) Short reviews (of approximately 120 words) and announcements of
newly received books and journals related to cancer, and (d) Announcements of awards and prizes.

The principal aim of AR is to provide prompt publication (print and online) for original works of high quality, generally within 1-2
months from final acceptance. Manuscripts will be accepted on the understanding that they report original unpublished works in the field
of cancer research that are not under consideration for publication by another journal, and that they will not be published again in the
same form. Αll authors should sign a submission letter confirming the approval of their article contents. All material submitted to AR will
be subject to peer-review, when appropriate, by two members of the Editorial Board and by one suitable outside referee. All manuscripts
submitted to AR are urgently treated with absolute confidence, with access restricted to the Managing Editor, the journal’s secretary, the
reviewers and the printers.The Editors reserve the right to improve manuscripts on grammar and style.

The Editors and Publishers of AR accept no responsibility for the contents and opinions expressed by the contributors. Authors should
warrant due diligence in the creation and issuance of their work.
NIH Open Access Policy. The journal acknowledges that authors of NIH-funded research retain the right to provide a copy of the
published manuscript to the NIH four months after publication in ANTICANCER RESEARCH, for public archiving in PubMed Central.  
Copyright. Once a manuscript has been published in ANTICANCER RESEARCH, which is a copyrighted publication, the legal ownership
of all published parts of the paper has been transferred from the Author(s) to the journal. Material published in the journal may not be
reproduced or published elsewhere without the written consent of the Managing Editor or Publisher.
Format. Two types of papers may be submitted: (i) Full papers containing completed original work, and (ii) review articles concerning
fields of recognisable progress. Papers should contain all essential data in order to make the presentation clear. Reasonable economy should
be exercised with respect to the number of tables and illustrations used. Papers should be written in clear, concise English. Spelling should
follow that given in the “Shorter Oxford English Dictionary”.
Manuscripts. Submitted manuscripts exceeding 4 printed pages will be subject to excess page charges. The 4 printed pages correspond
approximately to twelve (12) document pages (~250 words per double-spaced typed page in Arial 12), including abstract, text, tables, figures, and
references. All manuscripts should be divided into the following sections: (a) First page including the title of the presented work [not exceeding
fifteen (15) words], full names and full postal addresses of all Authors, name of the Author to whom proofs are to be sent, key words, an abbreviated
running title, an indication “review”, “clinical”, “epidemiological”, or “experimental” study, and the date of submission. (Note: The order of the
Authors is not necessarily indicative of their contribution to the work. Authors may note their individual contribution(s) in the appropriate section(s)
of the presented work); (b) Abstract not exceeding 150 words, organized according to the following headings: Background/Aim – Materials and
Methods/Patients and Methods – Results – Conclusion; (c) Introduction; (d) Materials and Methods/Patients and Methods; (e) Results; (f)
Discussion;  (g) Conflicts of Interest; (h) Authors’ contributions; (i) Acknowledgements; (j) References. All pages must be numbered consecutively.
Footnotes should be avoided. Review articles may follow a different style according to the subject matter and the Author’s opinion. Review articles
should not exceed 35 pages (approximately 250 words per double-spaced typed page) including all tables, figures, and references.
Figures. All figures should appear at the end of the submitted document file. Once a manuscript is accepted all figures and graphs should
be submitted separately in either jpg, tiff or pdf format and at a minimum resolution of 300 dpi. Graphs must be submitted as pictures
made from drawings and must not require any artwork, typesetting, or size modifications. Symbols, numbering and lettering should be
clearly legible. The number and top of each figure must be indicated. Pages that include color figures are subject to color charges..
Tables. All tables should appear at the end of the submitted document file. Once a manuscript is accepted, each table should be submitted
separately, typed double-spaced. Tables should be numbered with Roman numerals and should include a short title.
References. Authors must assume responsibility for the accuracy of the references used. Citations for the reference sections of submitted works
should follow the form below and must be numbered consecutively. In the text, references should be cited by number in parenthesis. Examples: 1
Kenyon J, Liu W and Dalgleish A: Report of objective clinical responses of cancer patients to pharmaceutical-grade synthetic cannabidiol. Anticancer
Res 38(10): 5831-5835, 2018. PMID: 30275207. DOI: 10.21873/anticanres.12924. (PMIDs and DOIs only if applicable). 2 McGuire WL and
Chamnes GC: Studies on the oestrogen receptor in breast cancer. In: Receptors for Reproductive Hormones. O’ Malley BW, Chamnes GC (eds.).
New York, Plenum Publ Corp., pp 113-136, 1973. 3 Global Health Estimates 2015: Disease Burden by Cause, Age, Sex, by Country and by Region,
2000-2015. Geneva, World Health Organisation, 2016. Available at http://www.who.int/healthinfo/global_burden_disease/estimates/en/index2.html.
Last accessed on 3rd April 2018. (The web address should link directly to the cited information and not to a generic webpage).

ANTICANCER RESEARCH 40: (2020)



Nomenclature and Abbreviations. Nomenclature should follow that given in “Chemical Abstracts”, “Index Medicus”, “Merck Index”,
“IUPAC -IUB”, “Bergey’s Manual of Determinative Bacteriology”, The CBE Manual for Authors, Editors and Publishers (6th edition,
1994), and MIAME Standard for Microarray Data. Human gene symbols may be obtained from the HUGO Gene Nomenclature Committee
(HGNC) (http://www.gene.ucl.ac.uk/). Approved mouse nomenclature may be obtained from http://www.informatics.jax.org/. Standard
abbreviations are preferable. If a new abbreviation is used, it must be defined on first usage.
Clinical Trials. Authors of manuscripts describing clinical trials should provide the appropriate clinical trial number in the correct format
in the text.

For International Standard Randomised Controlled Trials (ISRCTN) Registry (a not-for-profit organization whose registry is administered
by Current Controlled Trials Ltd.) the unique number must be provided in this format: ISRCTNXXXXXXXX (where XXXXXXXX
represents the unique number, always prefixed by “ISRCTN”). Please note that there is no space between the prefix “ISRCTN” and the
number. Example: ISRCTN47956475.

For Clinicaltrials.gov registered trials, the unique number must be provided in this format: NCTXXXXXXXX (where XXXXXXXX
represents the unique number, always prefixed by ‘NCT’). Please note that there is no space between the prefix ‘NCT’ and the number.
Example: NCT00001789.
Ethical Policies and Standards. ANTICANCER RESEARCH agrees with and follows the “Uniform Requirements for Manuscripts
Submitted to Biomedical Journals” established by the International Committee of Medical Journal Editors in 1978 and updated in October 2001
(www.icmje.org). Microarray data analysis should comply with the “Minimum Information About Microarray Experiments (MIAME) standard”.
Specific guidelines are provided at the “Microarray Gene Expression Data Society” (MGED) website. Presentation of genome sequences should
follow the guidelines of the NHGRI Policy on Release of Human Genomic Sequence Data. Research involving human beings must adhere to
the principles of the Declaration of Helsinki and Title 45, U.S. Code of Federal Regulations, Part 46, Protection of Human Subjects, effective
December 13, 2001. Research involving animals must adhere to the Guiding Principles in the Care and Use of Animals approved by the Council
of the American Physiological Society. The use of animals in biomedical research should be under the careful supervision of a person adequately
trained in this field and the animals must be treated humanely at all times. Research involving the use of human foetuses, foetal tissue, embryos
and embryonic cells should adhere to the U.S. Public Law 103-41, effective December 13, 2001.

Submission of Manuscripts. Please follow the Instructions for Authors regarding the format of your manuscript and references.
Manuscripts must be submitted only through our online submission system at: http://www.iiar-submissions.com/login.html
In case a submission is incomplete, the corresponding Author will be notified accordingly. Questions regarding difficulties in using the
online submission system should be addressed to: email: journals@iiar-anticancer.org
Galley Proofs. Unless otherwise indicated, galley proofs will be sent to the corresponding Author of the submission. Corrections
of galley proofs should be limited to typographical errors. Reprints, PDF files, and/or Open Access may be ordered after the
acceptance of the paper. Authors of online open access articles are entitled to a complimentary online subscription to Anticancer
Research for the current year and all previous digital content since 2004 (upon request to the Subscriptions Office). Galley proofs
should be returned corrected to the Editorial Office by email (iiar@iiar-anticancer.org) within two days.

Specific information and additional instructions for Authors
1. Anticancer Research (AR) closely follows the new developments in all fields of experimental and clinical cancer research by (a)

inviting reviews on topics of immediate importance and substantial progress in the last three years, and (b) providing the highest
priority for rapid publication to manuscripts presenting original results judged to be of exceptional value. Theoretical papers will only
be considered and accepted if they bear a significant impact or formulate existing knowledge for the benefit of research progress.

2. Anticancer Research will consider the publication of conference proceedings and/or abstracts provided that the material submitted
fulfils the quality requirements and instructions of the journal, following the regular review process by two suitable referees.

3. An acknowledgement of receipt, including the article number, title and date of receipt is sent to the corresponding author of each
manuscript upon receipt. If this receipt is not received within 20 days from submission, the author should call or write to the Editorial
Office to ensure that the manuscript (or the receipt) was not lost in the mail or during electronic submission.

4. Each manuscript submitted to AR is sent for review in confidence to two suitable referees with the request to return the manuscript with
their comments to the Editorial Office within 12 days from receipt. If reviewers need a longer time or wish to send the manuscript to
another expert, the manuscript may be returned to the Editorial Office with a delay. All manuscripts submitted to AR, are treated in
confidence, without access to any person other than the Managing Editor, the journal’s secretary, the reviewers and the printers.

5. All accepted manuscripts are peer-reviewed and carefully corrected in style and language, if necessary, to make presentation clear. (There
is no fee for this service). Every effort is made (a) to maintain the personal style of the author’s writing and (b) to avoid change of meaning.
Authors will be requested to examine carefully manuscripts which have undergone language correction at the pre-proof or proof stage.

ANTICANCER RESEARCH 40: (2020)



6. Authors should pay attention to the following points when writing an article for AR:
• The Instructions to Authors must be followed in every detail.
• The presentation of the experimental methods should be clear and complete in every detail facilitating reproducibility by other scientists.
• The presentation of results should be simple and straightforward in style. Results and discussion should not be combined into one section,

unless the paper is short.
• Results given in figures should not be repeated in tables.
• Figures (graphs or photographs) should be prepared at a width of 8 or 17 cm with legible numbers and lettering.
• Photographs should be clear with high contrast, presenting the actual observation described in the legend and in the text. Each legend

should provide a complete description, being self-explanatory, including technique of preparation, information about the specimen and
magnification.

• Statistical analysis should be elaborated wherever it is necessary. Simplification of presentation by giving only numerical or % values
should be avoided.

• Fidelity of the techniques and reproducibility of the results, should be points of particular importance in the discussion section. Authors
are advised to check the correctness of their methods and results carefully before writing an article. Probable or dubious explanations
should be avoided.

• Authors should not cite results submitted for publication in the reference section. Such results may be described briefly in the text with
a note in parenthesis (submitted for publication by… authors, year).

• The References section should provide as complete a coverage of the literature as possible including all the relevant works published up
to the time of submission.

• By following these instructions, Authors will facilitate a more rapid review and processing of their manuscripts and will provide the
readers with concise and useful papers.

7. Following review and acceptance, a manuscript is examined in language and style, and galley proofs are rapidly prepared. Second
proofs are not sent unless required.

8. Authors should correct their galley proofs very carefully and preferably twice. An additional correction by a colleague always proves
to be useful. Particular attention should be paid to chemical formulas, mathematical equations, symbols, medical nomenclature etc.
Any system of correction marks can be used in a clear manner, preferably with a red pen. Additions or clarifications are allowed
provided that they improve the presentation but do not bring new results (no fee).

9. Articles submitted to AR may be rejected without review if:
• they do not fall within the journal's policy.
• they do not follow the instructions for authors.
• language is unclear.
• results are not sufficient to support a final conclusion.
• results are not objectively based on valid experiments.
• they repeat results already published by the same or other authors before the submission to AR.
• plagiarism is detected by plagiarism screening services.

(Rejection rate (2016): 66%).
10. Authors who wish to prepare a review should contact the Managing Editor of the journal in order to get confirmation of interest in the particular

topic of the review. The expression of interest by the Managing Editor does not necessarily imply acceptance of the review by the journal.
11. Authors may inquire information about the status of their manuscript(s) by calling the Editorial Office at +30-22950-53389, Monday

to Friday 9.00-16.00 (Athens time), or by sending an e-mail to journals@iiar-anticancer.org
12. Authors who wish to edit a special issue on a particular topic should contact the Managing Editor.
13. Authors, Editors and Publishers of books are welcome to submit their books for immediate review in AR. There is no fee for this service.
(This text is a combination of advice and suggestions contributed by Editors, Authors, Readers and the Managing Editor of AR).

Copyright© 2020 - International Institute of Anticancer Research (G.J. Delinasios). All rights reserved (including those of translation into
other languages). No part of this journal may be reproduced, stored in a retrieval system, or transmitted in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission from the Publisher.

ANTICANCER RESEARCH 40: (2020)


