
Abstract. Background/Aim: Rectal cancer accounts for
approximately one-third of all colorectal cancers. Currently,
the standard treatment for locally advanced rectal cancer
(LARC) is neoadjuvant chemoradiotherapy (CRT) with
capecitabine or 5-fluorouracil followed by curative surgery.
Unfortunately, only 20% of patients with LARC present
complete pathological response after CRT, whereas in 20-
40% cases the response is poor or absent. The aim of our
study was to evaluate whether microRNAs (miRNAs) in tumor
biopsy specimen have the potential to predict therapeutic
response in LARC patients. Patients and Methods: In total 87
LARC patients treated by CRT were enrolled in our
prospective study. To identify predictive miRNAs, we used
small RNA sequencing in 40 tumor biopsy samples of LARC

patients (20 responders, 20 non-responders) and qPCR
validation of selected miRNA candidates. Results: In the
discovery phase of the study, we identified 69 miRNAs to have
significantly different expression between the group of
responders (TRG 1,2) and a group of non-responders (TRG
4,5) to neoadjuvant CRT. Among these miRNAs, 48 showed a
lower expression and 21 showed higher expression in tumor
tissues from poorly responding LARC patients. Five miRNAs
were selected for validation, but only miR-487a-3p was
confirmed to have a significantly higher expression in the
tumor biopsy specimens of non-responders to neoadjuvant
CRT (p<0.0006, AUC=0.766). Gene Ontology (GO)
clustering and pathway enrichment analysis of the miR-487a-
3p mRNA targets, revealed potential mechanisms behind miR-
487a-3p roles in chemoradioresistance (e.g. TGF-beta
signaling pathway, protein kinase activity, double-stranded
DNA binding, or microRNAs in cancer). Conclusion: By
combination of miRNA expression profiling and integrative
computational biology we identified miR-487a-3p as a
potential predictive biomarker of CRT response in LARC
patients.

Colorectal cancer (CRC) is the third most common cancer
worldwide and accounts for approximately 10% of all solid
tumors. CRC is the second leading cause of cancer-related
deaths, and its incidence is on the rise. Tumors of the rectum
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are generally classified as CRC and arise from colon
epithelia located up to 15 cm from the anal verge, and they
comprise approximately 40% of all CRC cases (1). Rectal
cancer (RC) incidence is dramatically increasing and its
incidence in patients under the fourth decade of life
quadrupled since 1980 (2). Unfortunately, about half of all
RC patients are in the stage of locally advanced rectal
carcinoma (LARC), which requires radical treatment. Due to
high invasiveness and the risk of local recurrence and
metastasis, RC requires different medical management than
does colon cancer. The gold-standard treatment of patients
with LARC is based on neoadjuvant chemoradiotherapy
(CRT) with 5-fluoropyrimidines (5-FU) followed by surgical
treatment and, eventually, adjuvant chemotherapy. CRT aims
to improve local control of the disease, minimize impact of
the surgery on the surrounding tissues and possible
avoidance of permanent colostomy. 

For a description of the response to CRT, tumor regression
grade (TRG) is used to evaluate histological tumor regression
after CRT. Nowadays, several TRG classification systems
(e.g., Dworak, Mandard, Ryan, AJCC, Modified Dworak) are
used, such diversity additionally complicating the precise
estimation of tumor regression (3). Tumor regression grading
systems classification systems are based on findings from the
macroscopic and microscopic examination of the resection by
the pathologist. In this study, Mandard [1- Complete
regression (fibrosis without detectable tissue of tumor), 2-
Fibrosis with scattered tumor cells, 3- Fibrosis and tumor
cells with preponderance of fibrosis, 4- Fibrosis and tumor
cells with preponderance of tumor cells, 5- Tissue of tumor
without changes of regression] TRG systems were used (4).
Unfortunately, response to treatment varies dramatically
between individuals, ranging from complete pathological
response (pCR) to incomplete pathologic response (pIR) to
resistance to therapy. Since neoadjuvant CRT is often
associated with significant adverse symptoms, toxicity and
high medical costs, these negative effects could be avoided
or reduced with use of biomarkers predicting response to
CRT in LARC patients (5). To date, there is no reliable
biomarker that could predict response to CRT in RC patients. 

Experience with other types of cancers suggests that
microRNAs (miRNAs) might be such biomarkers (6).
MicroRNA (miRNA) are highly conserved, small, non-
coding RNAs, 18-25 nucleotides in length. MiRNAs are
involved in the post-transcriptional regulation of gene
expression, and miRNA expression levels were found to be
deregulated in gastrointestinal cancers among others (7).
MiRNAs were reported to have deregulated expression in
tumor tissue in comparison to healthy mucosa in RC patients
(8-10). Two studies identified different miRNA expression
profiles in RC and CRC and confirmed that RC and CRC
differ both anatomically and genetically (11, 12). Several
studies identified miRNAs (e.g. miR-21, let-7e, miR-31,

miR-590-5p, miR-233, miR-19a, miR-630, miR-194)
deregulated in tumor tissue of RC patients responding to
CRT in comparison to non-responders (13-22). However,
there seems to be no overlap in results of independent
studies, which could be due to differences in the pre-
analytical factors and the number of patients used in
exploratory phase which could be crucial for the discovery
of novel miRNA biomarker of CRT response.

Herein, we report the results of small RNA sequencing of
biopsy specimen of tumor and validation of results in a
larger cohort of LARC patients. MiR-487a-3p was identified
and validated to have deregulated expression in tumor tissue
of LARC patients who responded to 5-FU based CRT in
comparison to non-responders and could potentially serve as
a biomarker of CRT response in LARC patients.

Patients and Methods
Patients. Eighty-seven patients diagnosed with LARC and treated
with neoadjuvant 5-FU based CRT between 2016 and 2019 at
University Hospital Brno (Brno, Czech Republic), Masaryk Memorial
Cancer Institute (Brno, Czech Republic) and Comprehensive Cancer
Centre and AGEL Research and Training Institute Novy Jicin (Novy
Jicin, Czech Republic) were enrolled in the study. Pre-treatment and
pre-operative staging were based on transrectal ultrasound (TRUS)
and magnetic resonance imaging (MRI). According to TRG, patients
were divided into two groups of responders to CRT (Mandard TRG
1+2) and non-responders (TRG 3+4+5). Patients characteristics are
summarized in Table I. All patients signed informed consent before
entering the study. The study was approved by the ethical committee
University Hospital Brno (Brno, Czech Republic).

Sample collection and RNA isolation. Samples of tumor tissues were
collected at the time of pre-treatment staging along with TRUS.
Samples were stored in RNAlater solution Ambion (Thermo Fisher
Scientific, Waltham, MA, USA) at –80˚C until RNA isolation. Total
RNA enriched with a fraction of small RNAs was isolated using
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Table I. Clinical and histopathological characteristics of rectal cancer
patients.

Characteristics of patients                                                         N (%)

Age                                 Median (range), years                   65 (38-89)
Gender                             Female                                               39 (44)
                                        Male                                                  48 (56)
cTNM                              II                                                        18 (20)
                                        III                                                      69 (80)
TRG (Mandard)              1                                                         15 (17)
                                        2                                                         28 (32)
                                        3                                                         24 (28)
                                        4                                                         17 (20)
                                        5                                                           3 (3)
RT dose                           Median (range)                             50.4 (45-53)
ChT                                  Capecitabine                                     70 (80)
                                        Other                                                 17 (20)



MirVana MiRNA Isolation Kit Ambion (Thermo Fisher Scientific).
Quantity of RNA was measured fluorometrically using Qubit 2.0
Fluorometer (Thermo Fisher Scientific) and Qubit RNA BR Assay Kit
(Thermo Fisher Scientific) and concentrations were ranging between
93-2445 ng/μl with median 675 ng/μl and average 865 ng/μl. Quality
of RNA was measured using NanoDrop 2000 Spectrophotometer
(Thermo Fisher Scientific). Isolated RNA was stored at –80˚C.

Small RNA sequencing. In total, 40 samples of RNA isolated from
tumor tissue, of which twenty responders to CRT and twenty non-
responders were used for cDNA library preparation. RNA was
diluted to 50 ng/μl and 100 ng/2 μl was used for cDNA library
preparation using CleanTag Small RNA Library Prep Kit (Trilink
Biotechnologies, San Diego, CA, USA). Quality control of cDNA
libraries was done using the Agilent High Sensitivity D1000
ScreenTape System (Agilent Technologies, Santa Clara, CA, USA)
and Tapestation 2200 System (Agilent Technologies). Length of

cDNA libraries ranged between 145-163 bp with an average length
of 152 bp and median length 152 bp. Concentration was measured
using Qubit 2.0 Fluorometer (Thermo Fisher Scientific) and Qubit
dsDNA HS Assay Kit (Thermo Fisher Scientific). Concentrations
were ranged between 19-371 nM with an average 149 nM and
median 150 nM. Libraries were diluted to 4 nM and pooled into
final 4 nM pool of cDNA libraries used for sequencing. Sequencing
was done using the NextSeq 500/550 High Output Kit v2 (Illumina,
San Diego, CA, USA) and NextSeq 500/550 instrument (Illumina)
and sequencing setup was single read, 80 cycles.

Reverse transcription and quantitative real-time PCR. The validation
cohort was extended to 87 patients of which forty-three were
responders to CRT and 44 non-responders. Samples were diluted to
concentration 4 ng/μl and 10 ng/ 2.5 μl was input concentration to
reverse transcription. RNA was reverse transcribed using miRCURY
LNA RT Kit (Qiagen, Hilden, Germany). Quantitative Real-Time PCR
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miRNA                             Base mean              log2FC                p-Value

miR-4791                              14.152                –0.737                  0.0006
miR-324-3p                        104.764                –0.863                  0.0007
miR-15b-5p                        462.981                –0.527                  0.0023
miR-146a-5p                  28408.555                –0.830                  0.0031
miR-193a-5p                        24.268                –0.939                  0.0039
miR-487a-3p                        22.638                  0.625                  0.0042
miR-29b-3p                       1673.008                –0.804                  0.0052
miR-210-5p                             9.542                –1.189                  0.0058
miR-6777-3p                           0.988                –2.156                  0.0076
miR-3622a-5p                         2.323                –2.274                  0.0077
miR-548az-5p                       12.617                  1.117                  0.0092
miR-3928-3p                         10.889                –0.813                  0.0104
miR-1273h-5p                         2.569                –1.312                  0.0108
miR-1299                              31.528                  1.309                  0.0113
miR-154-5p                           38.276                  0.597                  0.0121
miR-491-5p                           18.400                –0.625                  0.0125
miR-539-3p                           59.537                  0.472                  0.0142
miR-625-3p                         241.691                –0.657                  0.0148
miR-5683                                1.471                –1.490                  0.0149
miR-1295a                               5.426                –1.088                  0.0149
miR-766-3p                           34.499                –0.913                  0.0156
miR-365a-5p                           7.717                –1.026                  0.0158
miR-452-5p                         694.917                  0.451                  0.0162
miR-203a-3p                   30696.771                –0.532                  0.0171
miR-299-3p                         222.102                  0.448                  0.0176
miR-1185-1-3p                      34.341                  0.535                  0.0177
miR-185-3p                           31.899                –0.694                  0.0186
miR-378a-3p                   47196.342                –0.569                  0.0196
miR-873-5p                           10.371                –0.683                  0.0201
miR-484                              608.305                –0.443                  0.0204
miR-6833-3p                           1.527                –1.143                  0.0209
miR-214-5p                         179.748                  0.507                  0.0219
miR-369-3p                         979.125                  0.472                  0.0221
miR-369-5p                           20.669                  0.455                  0.0229
miR-4645-3p                           9.786                –0.516                  0.0230
miR-3677-5p                           0.733                  1.650                  0.0238

Table II. List of significantly deregulated tissue miRNAs between responders and non-responders to neoadjuvant chemoradiotherapy identified by
small RNA sequencing.

miRNA                             Base mean              log2FC                p-Value

miR-411-5p                       1332.546                  0.412                  0.0245
miR-1307-3p                     1257.427                –0.654                  0.0249
miR-769-3p                           65.152                –0.619                  0.0253
miR-656-3p                           25.581                  0.502                  0.0257
miR-138-1-3p                          4.568                –0.843                  0.0281
miR-212-3p                           41.408                  0.334                  0.0288
miR-380-3p                             3.303                  0.873                  0.0289
miR-10a-5p                     88836.698                –0.564                  0.0303
miR-6842-3p                         13.478                –0.436                  0.0310
miR-5010-3p                         28.962                –0.688                  0.0310
miR-92a-3p                   130516.040                –0.504                  0.0316
miR-561-3p                             1.864                  1.690                  0.0327
miR-877-3p                             4.495                –1.450                  0.0330
miR-219a-5p                           6.258                –0.786                  0.0337
miR-4732-5p                           1.128                –2.217                  0.0354
miR-7703                                1.664                –1.108                  0.0356
miR-6765-3p                         64.237                –0.626                  0.0362
miR-203b-5p                           4.541                –0.727                  0.0365
miR-30c-5p                       6025.671                –0.286                  0.0368
miR-154-3p                           53.864                  0.423                  0.0376
miR-378a-5p                       658.703                –0.482                  0.0376
miR-96-3p                               0.995                –1.423                  0.0377
miR-4473                                7.004                –0.526                  0.0381
miR-4482-3p                           0.643                –1.897                  0.0409
miR-26a-2-3p                        83.996                –0.540                  0.0417
miR-6824-3p                           2.595                –0.740                  0.0433
miR-561-5p                           13.301                  0.709                  0.0442
miR-3614-5p                         18.707                –0.583                  0.0447
miR-204-5p                         104.366                –1.142                  0.0449
miR-493-3p                           59.372                  0.419                  0.0465
miR-4483                            102.158                –0.728                  0.0478
miR-181c-5p                     3327.054                –0.399                  0.0492
miR-376a-3p                       198.888                  0.456                  0.0494

Log2FC: Logarithm to the base 2 of fold change; miRNAs in bold were
selected for validation in an extended cohort of rectal cancer patients
based on pre-defined selection criteria.



(qRT-PCR) was performed using miRCURY LNA SYBR Green PCR
Kit (Qiagen) and miRCURY miRNA PCR Assay (Qiagen) hsa-miR-
487a-3p (MIMAT0002178: 5'AAUCAUACAGGGACAUCCAGUU,
product no. 339306, cat. no. YP00204381) and SNORD48 (product no.
339306, cat. no. YP00203903). Measurements were performed using
Quantstudio 12K Flex Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA).

MiRNA target prediction, gene ontology and pathway enrichment
analysis. We performed in silico analyses on miR-487a-3p and to
identify its gene targets we used mirDIP 4.1 (http://
ophid.utoronto.ca/mirDIP). For consequent enrichment and network
analysis we selected ‘top third’ and ‘top 1%’ predicted targets of
miR-487a-3p. Then we performed a functional annotation and
comprehensive pathway enrichment analysis of all the proteins of
the network using ShinyGO v0.61: Gene Ontology Enrichment
Analysis (http://bioinformatics.sdstate.edu/go/). We considered
significantly enriched only pathways with q-value [false discovery
rate (FDR):Benjamini-Hochberg (BH) method] lower than 0.05. The
Gene Ontology Enrichment Analysis was used to classify ‘top third’
and ‘top 1%’ predicted targets of miR-487a-3p accordingly to their
molecular function.

Statistical analysis. Sequencing of data was processed using the
Chimira online tool, and statistical analysis was done using
Bioconductor tool and packages EdgeR and Deseq2. Expression
levels of individual miRNAs measured by qRT-PCR were
normalized using RNU48 as endogenous control and formula
Ct(miR-487a-3p normalized expression)=2–(CtΔ 487a-3p duplicate - Ct Δ RNU48
duplicate). Statistical analysis of expression data was performed using
GraphPad Prism 6. Results with a p-value lower than 0.05 were
considered statistically significant. 

Results

From the group of 87 patients with LARC enrolled in the
study, n=43 (49%) were classified as responders (TRG 1,2)
and n=44 (51%) were non-responders (TRG 3,4,5). In the
validation phase, we analyzed separately the non-responding
group with the exclusion of intermediate responders (TRG
3). In this group, based only on TRG 4 and TRG 5 patients
remained 20 (23%) patients. There were no significant
differences between the two cohorts regarding patient age,
gender, treatment and tumor characteristics. Following the
TRG classification, n=15 (17%) of them showed a
pathological complete response (TRG 1). 

In this discovery phase of the study, we performed small
RNA sequencing of the tumor tissue biopsies and identified 69
miRNAs to have a significantly different expression in the
group of 20 responders (TRG 1,2) and the group of 20 non-
responders (TRG 4,5) to neoadjuvant CRT. Among these
miRNAs, 48 showed a lower expression and 21 showed higher
expression in tumor tissues from LARC patients with poor
response to CRT (Table II). Out of these 69 miRNAs identified
in discovery phase, 5 miRNAs (miR-324-3p, miR-15b-5p,
miR-146a-5p, miR-193a-5p and miR-487a-3p) were selected
for validation phase of the study to evaluate their ability to

identify LARC patients with poor response to neoadjuvant
CRT. These miRNAs were selected based on the p-value
(p<0.005), log2(fold-change)>0.5 and the average number of
reads across all sequenced samples (at least 20 reads).

The expression of miRNA candidates was determined by
use of miRCURY miRNA PCR Assay (Qiagen) and
statistically evaluated between the extended groups of
responders (n=43) and non-responders (n=44). By use of
non-parametric Mann-Whitney U-test only miR-487a-3p was
confirmed to have significantly higher expression in tumor
tissue of non-responders (Table III, qPCR*, p<0.024). When
non-responders were narrowed only to TRG4 and TRG5
cases (n=20), the significance became much higher
(p<0.0006, Figure 1A). Subsequent ROC analysis showed
that expression of miR-487a-3p in tumor tissue is indicative
of poor response to neoadjuvant CRT in LARC patients and
enable to identify these patients (TRG 4,5) with 78%
sensitivity and 60% specificity (AUC=0.766; Figure 1B).

In order to understand the molecular mechanism behind
the observed clinical phenotype, we identified 298 predicted
mRNAs targeted by miR-487a-3p that passed pre-defined
selective filter (data not shown). Further, we performed a
Gene Ontology (GO) clustering of the identified targets,
considering molecular function (Figure 2) and KEGG
signaling pathway enrichment. We have identified 11
significant pathways (p<0.05) including TGF-beta signaling
pathway, AMPK signaling pathway, insulin signaling
pathway or microRNAs in cancer (summarized in Table IV).
The most represented GO molecular functions included 

RNA polymerase II regulatory region DNA binding
(p=0.003), miRNA binding (p=0.003), protein kinase activity
(p=0.005), double-stranded DNA binding (p=0.006), type I
transforming growth factor beta receptor binding (p=0.006),
enzyme regulator activity (p=0.006), GTPase regulator
activity (p=0.006) and others (summarized in Figure 2).
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Table III. Results of the validation of miRNA candidates by qPCR in the
extended cohort of rectal cancer patients.

                                  NGS                     qPCR*                    qPCR**

microRNA      Log2FC  p-Value   Log2FC   p-Value   Log2FC  p-Value

miR-324-3p     –0.863     0.0007      0.308      0.295        0.309     0.435
miR-15b-5p     –0.527     0.0023    –0.106      0.525      –0.111     0.451
miR-146a-5p   –0.830     0.0031    –0.031      0.766      –0.085     0.832
miR-193a-5p   –0.939     0.0039      0.017      0.289        0.321     0.060
miR-487a-3p    0.625     0.0042      1.849      0.024        3.038     0.0006

Log2FC: Logarithm to the base 2 of fold change; *qPCR validation of
miRNA differences between group of non-responders (TRG 3+4+5) and
responders to neoadjuvant chemoradiotherapy (TRG 1+2); **qPCR
validation of miRNA differences between group of non-responders (TRG
4+5) and responders to neoadjuvant chemoradiotherapy (TRG 1+2).



Discussion

Administration of neoadjuvant CRT revolutionized the
treatment of LARC patients. Unfortunately, a significant part
of patients does not benefit from the treatment and might be
profiting more from different treatment strategies.
Furthermore, patients who respond to CRT and reach pCR

might be treated with alternative approaches like the watch-
and-wait strategy which might result in preservation of anal
sphincter and significant improvement of quality of life of
patients. However, the decision whether a patient is eligible
for alternative treatment strategies or would benefit from
conventional CRT treatment followed by surgery would have
to be based on predictive biomarkers that are not available
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Figure 1. MiR-487a-3p is significantly up-regulated in tumor tissue of rectal cancer patients with poor response to neoadjuvant chemoradiotherapy
(A) and based on the ROC analysis miR-487a-3p can distinguish responders (TRG 1,2) and non-responders (TRG 4,5) to this therapy (B). ***p-
value<0.001; AUC, Area under curve.

Table IV. KEGG signaling pathway enrichment analysis of 298 mRNA targeted by miR-487a-3p.

Functional category                             Genes     p-Value      Genes
                                                             in list

AMPK signaling pathway                       8           0.007        PPARGC1A, SIRT1, LEPR, PPP2R5E, PRKAA1, CCND1, RPS6KB1, IRS2
TGF-beta signaling pathway                   7           0.007        RHOA, SMAD7, ROCK1, RPS6KB1, SKP1, SP1, ACVR2A
MicroRNAs in cancer                             9           0.007        DNMT3A, SIRT1, RHOA, CCND1, RDX, ROCK1, BMI1, IRS2, ZEB2
CAMP signaling pathway                      10          0.012        PDE10A, GNAI3, RHOA, AFDN, PDE4D, PPP1CC, PRKACB, PTGER3, ROCK1, SOX9
Tight junction                                          9           0.012        CTTN, RHOA, AFDN, EPB41L4B, PRKAA1, PRKACB, CCND1, RDX, ROCK1
Longevity regulating pathway                6           0.022        PPARGC1A, SIRT1, PRKAA1, PRKACB, RPS6KB1, IRS2
Insulin signaling pathway                       7           0.032        PPARGC1A, PHKB, PPP1CC, PRKAA1, PRKACB, RPS6KB1, IRS2
Insulin resistance                                     6           0.035        PPARGC1A, GFPT1, PPP1CC, PRKAA1, RPS6KB1, IRS2
Human cytomegalovirus infection           9           0.035        GNAI3, RHOA, PRKACB, PTGER3, CCND1, ROCK1, RPS6KB1, CXCL12, SP1
Oxytocin signaling pathway                   7           0.043        GNAI3, RHOA, PPP1CC, PRKAA1, PRKACB, CCND1, ROCK1
Proteoglycans in cancer                          8           0.045        CTTN, RHOA, PPP1CC, PRKACB, CCND1, RDX, ROCK1, RPS6KB1

Bold values show significance.



yet. MiRNAs might have the potential to distinguish between
responders and non-responders to CRT and serve as
predictive biomarkers in the future.

We attempted to find miRNA predictive biomarker of
response to CRT with the use of next-generation sequencing.
Comparison of global miRNA expression profiles of
responders and non-responders to CRT followed by
validation of selected miRNAs on a larger independent
cohort of patients identified miR-487a-3p as a miRNA with
the highest predictive potential. We found miR-487a-3p
expression level to be significantly up-regulated (NGS:
p=0.0042; qPCR: p=0.0006) in non-responders to CRT in
comparison to responders. 

Despite many studies evaluating tissue miRNAs with
potential to predict response to CRT, results are highly
inconsistent. The majority of studies selected miRNAs for
validation based on literature search or results from CRC
based studies, which might prevent discovery of new

predictive biomarkers. Another factor causing inconsistency
in the results might be the lack of sufficient amount of
patients in the exploratory phases and proper validations on
an independent cohort of patients.

We are the first to describe the connection of miR-487a-
3p with response to CRT in LARC patients. MiR-487a-3p
maps on 14q32 and yet little is known about its function.
Nonetheless, the findings of several studies support the
relevance of dysregulated expression levels of miR-487a-3p
to neoplasia and poor prognosis of patients (23, 24). MiR-
487a-3p was also reported to be up-regulated in peripheral
blood mononuclear cells of type 1 diabetes patients (25).
Several studies observed up-regulated expression level of
miR-487a to be connected with enhanced invasion,
migratory capacity and ability of cancer cell lines to
metastasize. Yang et al. described the effects of miR-487a on
the progression of gastric cancer (GC) cell lines in vitro and
in vivo via inhibition of tumor suppressor T-cell intracellular
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Figure 2. Gene ontology enrichment analysis of miR-487a-3p targets according to their molecular function (network of the 30 most significant terms
are shown; p-Value cut-off (FDR)=0.05).



antigen-1 (TIA1). MiR-487a overexpression was shown to
promote progression in AGS cells transfected with miR-487a
mimics. Cells showed an increased proliferation rate and
decreased cell apoptosis. Moreover, a GC xenograft mouse
model confirmed that overexpression of miR-487a enhances
tumor growth in vivo (26). 

Similarly, Chang et al. revealed that miR-487a is highly
expressed in hepatocellular carcinoma (HCC) and correlates
with poor postoperative prognosis of HCC patients.
Furthermore, miR-487a was found to promote proliferation
and metastasis of HCC by suppressing phosphoinositide-3-
kinase regulatory subunit 1 and sprouty-related EVH1 domain
containing 2 (27). Ma et al. described the role of miR-487a in
epithelial–mesenchymal transition (EMT) in breast cancer
(BC). TGF-beta-1 treatment, used to induce EMT in cancer
cells, significantly increased the expression level of miR-487a
in breast cancer (BC) cell lines MDA-MB-231. On other hand,
transfection of miR-487a inhibitor significantly decreased the
expression of vimentin and increased the expression of E-
cadherin in BC cells to repress EMT (28). 

In order to understand the molecular mechanism behind the
observed clinical phenotype, we performed a Gene Ontology
(GO) clustering of the miR-487a-3p targets, considering
molecular function (Figure 3) and KEGG signaling pathway
enrichment. Among others we identified TGF-beta signaling
pathway to be significantly enriched and type I TGF beta
receptor binding to be one of the most represented Gene
Ontology molecular functions in miR-487a-3p targets. TGF-
beta signaling is associated with EMT and therefore could
present a potential link between miR-487a-3p and EMT. The
process of EMT is closely associated with therapy resistance
in various cancers, including CRC (29, 30).

Altogether, our bioinformatics predictions and the in vitro
observations in other cancer types indicate the involvement of
miR-487a-3p in the process of EMT or at least its ability to
revert EMT to MET. As there is a clear link between EMT and
drug resistance, we speculate, that increased levels of miR-
487a-3p could be, in part, functionally linked to poor response
to CRT in rectal cancer patients through regulation of the TFG-
beta signaling, EMT and consequently also the drug resistance.

In general, miR-487a-3p is described as an oncogene in
several cancers, and our data suggest that it may play a similar
role in the pathogenesis of RC. Especially, the connection of
miR-487a-3p with EMT might be crucial. However, these
associations are only hypothetical, and mechanism of miR-
487a-3p regulation of treatment resistance remains unclear. 

Conclusion

In conclusion, we identified miR-487a-3p as a predictive
biomarker of response to neoadjuvant CRT in LARC
patients. Validation of the results on larger independent
cohort of patients is needed to select the most accurate cut-

off value of miR-487a-3p to distinguish between responders
and non-responders. Functional studies need to be performed
to describe precise role of miR-487a-3p in the regulation of
response to CRT in LARC patients. 
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