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MicroRNAs (miRNAs) regulate gene expression in a tissue-specific manner. However, little
is known about the miRNA expression changes induced by the therapy in rectal cancer
(RC) patients. We evaluated miBRNA expression levels before and after therapy and
identified specific MIBNA signatures reflecting disease course and treatment responses
of RC patients. First, miRNA expression levels were assessed by next-generation
sequencing in two plasma samplings (at the time of diagnosis and a year after) from 20
RC patients. MiR-122-5p and miR-142-5p were classified for subsequent validation in
plasma and plasma extracellular vesicles (EVs) on an independent group of RC patients
(n=107). Due to the intrinsic high differences in miRNA expression levels between
samplings, cancer-free individuals (n=51) were included in the validation phase to
determine the baseline expression levels of the selected miRNAs. Expression levels of
these miRNAs were significantly different between RC patients and controls (for all
p <0.001). A year after diagnosis, miRNA expression profiles were significantly modified
in patients responding to treatment and were no longer different from those measured in
cancer-free individuals. On the other hand, patients not responding to therapy maintained
low expression levels in their second sampling (miR-122-5p: plasma: p=0.05, EVs:
p=0.007; miR-142-5p: plasma: p=0.008). Besides, overexpression of miR-122-5p and
miR-142-5p in RC cell lines inhibited cell growth and survival. This study provides novel
evidence that circulating miR-122-5p and miR-142-5p have a high potential for RC
screening and early detection as well as for the assessment of patients’ outcomes and the
effectiveness of treatment schedule.
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INTRODUCTION

MicroRNAs (miRNAs), a class of non-coding RNAs, can modulate
gene expression post-transcriptionally by RNA interference (1).
Many studies showed that miRNAs target tumor suppressor genes
or oncogenes reflect the corresponding effect on tumorigenesis
(2-6). Aberrant miRNA expression profiles were identified in
tumor patients, but also were identified as biomarkers of cancer
prognosis, and/or therapy response (7-9). Several studies have
identified miRNAs associated with chemoresistance or tumor
chemo- and radiosensitivity (10-12). Most of the studies
examined miRNA role as predictors for therapy outcome by
comparing their expression between responders and non-
responders focusing only on samples collecting either before or
only after treatment in colorectal cancer patients (6). Other studies
investigated the changes in the expression levels of circulating
miRNAs in incident colorectal cancer (13-15). Besides this, little is
known about the changes in miRNA expression profiles before and
after therapy and if this diversity is associated with the patient’s
prognosis. Accumulating evidence about the presence of miRNAs
in body fluids has suggested their potential as promising
biomarkers with clinical utility (16, 17). Despite modern surgical
techniques and improvement of systematic therapy, colorectal
cancer still represents the third most common cancer worldwide
and one of the leading causes of cancer-related mortality (18).
Colorectal cancer is a heterogeneous disease, with colon and
rectum having embryologic, anatomical, molecular, therapeutic,
and prognostic differences. For these reasons, the two sites should
be considered as separate diseases (19-22).

Rectal cancer (RC) accounts approximately for 30% of all
colorectal cancer. Unlike the tumor in colon, RC tends to be
diagnosed at a younger age, it is more frequently associated with
lung-only metastasis and requires a different treatment strategy
(23-25). Although neoadjuvant chemoradiotherapy based on 5-
fluorouracil (5-FU), followed by surgery and potential adjuvant
chemotherapy, represents the standard therapy a significant
proportion of RC cases do not profit from this treatment
schedule. There is a continuous effort to identify new
biomarkers that can predict a patient’s prognosis or improve
an earlier RC diagnosis. Liquid biopsy is currently at the center of
this research interest.

The present study aimed to describe the changes in miRNA
expression in plasma of RC patients before and after therapy and
to explain why patients with the same cancer stage may have
different treatment susceptibility and long-term outcomes. The
expression profiles of selected miRNAs were also compared to
those of cancer-free individuals. Identified prognostic miRNAs
were further investigated for their involvement in cellular
processes (such as proliferation, survival, and impact on cell
cycle) in in vitro experiments using RC cell lines together with
the administration of 5-FU.

Abbreviations: 5-F, 5-fluorouracil; BP, biological processes; CC, cellular
components; cDNA, complementary DNA; EVs, extracellular vesicles; GO,
Gene Ontology; HCC, hepatocellular carcinoma; KEGG, Kyoto Encyclopedia of
Genes and Genomes; MF, molecular functions; miRNAs, microRNAs; RC, rectal
cancer; RT- qPCR, real-time quantitative polymerase chain reaction; TNM,
tumor-node-metastasis.

MATERIAL AND METHODS
Design of the Study

High throughput sequencing of the whole miRNome was
performed on plasma samples from 20 patients with RC
(Discovery cohort). Specifically, plasma was sampled at two
different time-points: at the time of diagnosis (before surgery)
and a year after the diagnosis (corresponding to the time of
termination of the therapy). Those miRNAs showing the highest
differences in expression levels (based on p-value and fold
change) between these two samplings, as well as those
associated with the therapy response were selected for the
validation phase.

Significant miRNA expression levels were further validated by
real-time quantitative polymerase chain reaction (RT-qPCR) in
plasma of an independent group of RC patients (n=107,
Validation cohort) whose sampling was performed in a similar
way as the Discovery cohort. Due to the observed high
differences in miRNA expression levels between the two
samplings, the selected miRNAs were also investigated in a
control group consisting of cancer-free individuals (n=51). In
addition, for the Validation cohort the expression levels of the
selected miRNAs were analyzed also in plasma extracellular
vesicles (EVs) in both 2 samplings. For detailed clinical
characteristics of patients from both Discovery and Validation
cohorts, see Table 1.

Finally, to partially address their mechanism of action, the
selected miRNAs associated with the therapy response were

TABLE 1 | Patient’s clinical characteristics.

Discovery Validation Cancer-free
cohort cohort individuals
N (total = 20) N (total = 107) N (total = 51)
Age Years + SD 62+13 65 + 11 58+7
Gender male 13 (65%) 74 (69%) 23
female 7 (35%) 33 (31%) 28
Stage®® [ 2 (10%) 5 (5 %) -
I 8 (40%) 34 (35 %)
M1 9 (45%) 51 (52 %)
v 1 (5%) 8 (8 %)
Grade® 1 2 (10%) 7 (7%) -
2 16 (80%) 79 (77%)
3 2 (10%) 16 (16%)
Survival dead 4 (20%) 14 (15%) -
status®
alive 16 (80%) 79 (85%)
Presence of a Yes 1(6%) 12 (13%) -
local No 19 (95%) 80 (87%)
recurrence®
Surgery Yes 20 (100%) 105 (98%) -
No 0 (0%) 2 (2%)
Neoadjuvant Yes 10 (50%) 46 (62%) -
therapy?® No 10 (50%) 28 (38%)
Adjuvant Yes 11 (61%) 42 (57%) -
therapy?
No 7 (39%) 32 (43%)

“Numbers may not add up to 100% of available subjects because of missing data.
PStaging was based on pathological staging according to the tumor-node-metastasis
(TNM) system Union for International Cancer Control (UICC).
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further studied in vitro for their effect on cell proliferation,
survival, and cell cycle after the administration of 5-FU.
A simplified workflow of the study is depicted in Figure 1.

Study Population and Collection of
Biological Specimens

The Discovery cohort comprised of 20 patients with RC while the
Validation cohort consisted of 107 RC patients and 51 cancer-

DISCOVERY PHASE

DISCOVERY COHORT
20 RC patients

l

Comparison of miRNA
expression levels between
repeated plasma samplings

l

Identification of miR-122-5p
and miR-142-5p

/  \

VALIDATION PHASE  IN VITRO VALIDATION

VALIDATION COHORT RECTAL CANCER
107 RC patients CELL LINES
51 cancer-free individuals HRA16, SW1463

! l

Comparison of miRNA WST-1
expression levels between Colony forming assay
repeated samplings of RC Cell cycle

patients in plasma and EVs

l

Comparison of miRNA
expression levels between
RC patients and control
subjects in plasma and EVs

FIGURE 1 | A schematic overview of the workflow. High throughput
sequencing (Discovery cohort — 20 RC patients) was performed on whole
plasma collected at 2 sampling occasions to identify those miRNAs
differentially expressed between two samplings (the first, at the time of
diagnosis, TO and the second, a year after the diagnosis, T1). miR-122-5p
and miR-142-5p were validated in plasma and further in plasma EVs on an
independent group of RC patients (n=107, Validation cohort) at the same 2
sampling occasions. Both miRNAs were also investigated in a control group
consisting of cancer-free individuals (n=51) by RT-qPCR. The effect on cell
proliferation, survival, and cell cycle was also studied on rectal cancer cell

lines (in vitro studies).

free volunteers. All patients were recruited between 2007 and
2018 at the Department of Surgery, the Thomayer Hospital in
Prague, Czech Republic. Study participants provided
information on their lifestyle, body mass index (BMI), and
family/personal history of cancer, using a structured
questionnaire to determine basic demographic characteristics
and potential risk factors for RC. All patients were followed up
until August 2020. Clinical data of all patients are represented by
clinical stage at diagnosis (classified as the Tumor-Node-
Metastasis (TNM) system according to Union for International
Cancer Control), grade, information about neoadjuvant and
adjuvant treatment regimens, the presence of recurrence, and
survival. In both the Discovery and Validation cohorts, RC
patients were divided into responders (those who benefit from
the chemotherapy and with no relapses) and non-responders
(patients with lack of any therapy response, or those that died
very early after diagnosis).

For all patients and controls, peripheral blood was collected
into EDTA tubes, stored at 4°C, and centrifugated at 1400 rpm at
4°C for 10 min within 1 hour after its collection for plasma
separation. The plasma fraction was immediately frozen and
preserved at -80°C.

All study individuals signed a written consent to participate in
the study and approved the use of their biological samples for
genetic analyses according to the Helsinki declaration. The
design of the study was approved by the Ethics Committee of
the Institute of Experimental Medicine and the Thomayer
Hospital, Prague, Czech Republic.

MiRNA Isolation From Whole Plasma

and Plasma EVs

RNA Extraction and Quality Control

RNA from whole plasma was extracted using Plasma/Serum
Circulating and Exosomal RNA Purification Kit (Norgen Biotek,
Canada) according to manufacturer’s protocol.

ExoQuick exosome precipitation solution (System
Biosciences, USA) was used for EVs precipitation from plasma
according to manufacturers’ instructions and as described by us
(26). Briefly, 200 ul plasma was mixed with 50.4 pl of ExoQuick
solution and refrigerated at 4°C overnight (at least 12h). The
mixture was centrifuged at 1500xg at 4°C for 30min. The EVs
pellet was dissolved in 200 ul of nuclease-free water and RNA
was extracted immediately from the solution using Plasma/
Serum Circulating and Exosomal RNA Purification Kit
(Norgen Biotek, Canada).

For all samples, RNA concentration was quantified with
Qubit 3.0 Fluorometer using the Qubit microRNA assay Kit
(Thermo Fisher Scientific, USA).

Small RNA-Sequencing

The next generation sequencing library preparation for the
Discovery set was carried out as described in Sabo et al. (26).
MIiRNA libraries were constructed using the NEB Next Multiplex
Small RNA Library Prep Set for Illumina (New England BioLabs
Inc., USA) according to the manufacturer’s protocols. Briefly,
miRNA samples (5-10 ng) were ligated with 5"and 3 “adapters,
followed by reverse transcription- for complementary DNA
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(cDNA) library construction and incorporation of index tags.
The ¢cDNA library fragments were purified by AMP Pure XP
Beads and separated on a 6% TBE PAGE gel and 145-160 bp size
fraction containing miRNA inserts was isolated. The twenty
cDNA library samples were pooled in equimolar amounts and
used for cluster generation and sequence analysis in a single lane
on an Illumina HiSeq2000 (50 bp single read). This work was
performed at the Italian Institute for Genomic Medicine.

Sequencing data analysis was conducted using the miARma-
Seq pipeline (http://miarmaseq.cbbio.es/). miARma-Seq is a new
comprehensive pipeline analysis suite designed for mRNA,
miRNA, and circRNA identification and differential expression
analysis, applicable to any sequenced organism. It integrates,
among others, the Bowtie tool for read mapping and the
miRDeep2 tool for miRNA expression analysis and de novo
miRNA prediction (27). Quality control was performed using
FastQC (version 0.11.5). The results for individual samples were
merged into the summary report using MultiQC. Read length
was constant for all samples (51 bp). Data were then filtered
using Trimmomatic tool (version 0.36), with the following
parameters: i) SLIDINGWINDOW:4:20 - trimming of low-
quality bases from 3’ end using sliding window; ii)
TRAILING:20 - trimming of low-quality bases from 3’ (with
base quality <20); iii) ILLUMINACLIP: Adapter_sequences. fa:
4:20:5 - trimming of adapter sequences; vi) MINLEN:15 -
discarding reads of length > 15 bp. After filtering, read length
peaked around 22 and 32 bp, respectively.

All the samples were mapped to the i) reference human
genome (hg38 release), ii) known human matured miRNAs
(using the miRanalyzer web server tool (http://bioinfo2.ugr.es/
miRanalyzer/miRanalyzer.php), iii) known human miRNA
hairpins (miRBase database, version 22), and vi) human
tRNAs (UCSC database). The alignment to the human tRNA
sequences was performed to reveal potential contaminations.

MiRNA Expression Analysis by RT-qPCR

For evaluating miRNA expression levels in whole plasma and
plasma EVs in the Validation cohort, cDNA was synthesized
from total RNA by TagMan MicroRNA Reverse Transcription
Kit (Applied Biosystems, USA) and analyzed using TagMan
MicroRNA assays (hsa-miR-142-5p - ID 002248, hsa-miR-122-
5p - ID 002245, RNU48 - ID 001006, RNU6B - ID 001093,
Applied Biosystems, USA) according to the manufacturer’s
protocol. RNU48 and RNU6B were used as reference genes
selected by Normfinder (GenEx Enterprise, MultiD, Thermo
Fisher Scientific). For 10 ul reverse transcription reaction, 5 ul
of RNA sample (40 ng RNA) were used to prepare cDNA and
reaction mixtures were incubated for 30 min at 16°C, 30 min at
42°C, 5 min at 85°C and then held at 4°C (M]J Research PTC-200
Thermal Cycler, Marshall Scientific).

All samples were pre-amplified prior to use in RT-qPCR
using an IQ SuperMix (Bio-Rad, USA). The pre-amplification
reaction contained 2 pl cDNA, 1.5 ul miRNA primer, 5 ul IQ
SuperMix and 1.5 ul RNAse free water. Preamplification was
performed as follows: 95°C for 3 min, 18 cycles of 95°C for 15 sec
and 59°C for 4 min and then held at 4°C (M] Research PTC-200

Thermal Cycler, Marshall Scientific). After pre-amplification,
each reaction mixture was diluted 100x.

RT-qPCR was performed using the Applied Biosystems 7500
Sequence Detection System. The 20 pl PCR reaction mixture
consisted of 2 ul of 100x diluted pre-amplified cDNA, 1 ul of
primer (TagMan microRNA Assay kit, Applied Biosystems,
USA), 10 ul TagMan Universal MasterMix II - no UNG
(Applied Biosystems, USA) and 7 ul RNAse-free water.
Reactions were run in a 96-well optical plate at 95°C for 10
min, followed by 40 cycles at 95°C for 15 sec and 60°C for
10 min.

Cell Lines and Cell Culture

Both RC cell lines (HRA16 and SW1463) were originally
obtained from ECACC (Sigma Aldrich, USA). The cells were
confirmed free from mycoplasma contamination with
MycoAlert PLUS Mycoplasma Detection Kit (Lonza,
Switzerland). HRA16 and SW1463 were cultured in a
humidified atmosphere at 37°C and 5% CO, in Dulbecco’s
Modified Eagle Medium (DMEM, Sigma Aldrich, USA) and in
Roswell Park Memorial Institute (RPMI-1640, Sigma Aldrich,
USA), respectively, and supplemented with 10% fetal bovine
serum (FBS, Gibco, Thermo Fisher Scientific), 1 mM L-
Glutamine, 100 U/ml penicillin/streptomycin and, in case of
RPMI, 1 mM sodium pyruvate (Biosera). Cells were used up to
8 passages.

Cell Transfection and Treatment

Cells were transfected 24 hours after seeding with 10 nM hsa-miR-
142-5p (HMI0068; Sigma Aldrich, USA) and hsa-miR-122-5p
(HMI0218; Sigma Aldrich, USA) mimics and miRNA mimics
negative control with no homology to the human genome
(HMCO0003; Sigma Aldrich, USA) using Lipofectamine®
RNAIMAX (Invitrogen, USA) according to the manufacturer’s
protocol. All the experiments were performed in three independent
replicates. The transfection efficiency was confirmed by RT-qPCR.
After transfection, 5-FU (Sigma Aldrich, USA) was dissolved in
DMSO (Sigma Aldrich, USA) to 5 pM 5-FU, added to selected
wells, and cells were treated for 24 hours.

Cell Proliferation (WST-1 Assay) and
Colony Forming Assay

The proliferative capacity in miRNA-modulated cells (750 000
cells/ml) was measured using a water-soluble tetrazolium-1
solution (WST-1 proliferation assay, Roche, USA) 48 hours
after transfection. The WST-1 reagent was added into the
media according to the manufacturer’s instructions and
measured at 450 and 690 nm. Absorbance was measured using
fluorescence reader Biotek ELx808 (Biotek, USA) and
proliferation was monitored for different time points (24, 48,
72 hours). For colony forming assay, transfected cells were plated
on 6-well plates (500 cells per well). After 24 hours, cells were
treated with 5 UM 5-FU for 24 hours, and then the medium was
replaced with fresh medium. After 12 days, colonies were fixed
with 3% formaldehyde and stained with 1% crystal violet. The
number of colonies was counted manually. Both measurements
were performed in triplicates.
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Cell Cycle Analysis

Cells (750 000 cells/ml) were seeded on 12-well plates (with and
without 5-FU treatment), harvested by trypsinization, washed with
PBS, and spun down at 1000 rpm at room temperature for 10 min.
Then, 1 ml of Propidium iodide (PI) staining solution (0.02 mg/ml
P, 0.02 mg/ml RNase, 0.05% Triton X-100) was added to the cell
pellet and cells were incubated for 30 min at 37°C in the dark. After
incubation, samples were measured using flow cytometer Apogee
A-50 micro (Apogee, USA). Measured data were analyzed with
Flowlogic software (Inivai Technologies, Australia).

External Validation Through TCGA Data

All miRNA-Seq transcriptional profiles and detailed clinical
information were downloaded from The Cancer Genome Atlas
TCGA (https://portal.gdc.cancer.gov) using the TCGA biolinks
R package (28). For the present study, data from the project
TCGA-READ (rectal adenocarcinoma, n=155) were analysed
and filtered according to the following criteria: 1) analyses were
performed on rectal tumor patients only (ICD-10 Classification
code “C20”) which have miR-122 and miR-142 expression levels
data available and 2) clinical data including survival data should
also be available. Finally, a total of 74 RC patients presented
expression levels of miR-142 and 22 RC patients had data for
miR-122.

Statistical Analysis

Differential expression of the miRNA-Seq raw count data was
assessed using the EdgeR and Noiseq directly using the
miARma-Seq pipeline. Due to the small sample size and the
heterogeneity of the RC phenotype, unadjusted p-values were
used. Statistical significance was set up at p < 0.05. RT-qPCR
statistical analysis was performed by GenEx qPCR data analysis
software version 6 (multiD) and R version 3.4.0. The linear
mixed models were used (R package Imer and multcomp) for the
comparison of miRNA expression in different conditions and
different tissues. In vitro analyses were evaluated using the
Mann-Whitney test in GraphPad Prism 8 (GraphPad Software,
San Diego, CA, USA). Statistical analysis for TCGA data was
performed using the R environment using the dplyr and survival,
survminer and ggplot2 package. The survival significance was
measured by log-rank test and Mann-Whitney was employed for
the differential expression analyses. The significance was set to
non-adjusted p = 0.05. The multivariate Cox regression analysis
was performed in the R environment using the olsrr package and
the ols_step_all_possible function that uses the Akaike
information criterion (AIC) criterion for all possible
combinations of factors on the patient dataset after screening
and EVs and plasma specimen.

Bioinformatics Analysis

Identification of miRNAs as Potential
Pharmacogenomic Biomarkers for Anticancer Drugs
To identify potential pharmacogenomic biomarkers
characterized by miRNA expression and discover the
underlying mechanisms of anticancer drug responses mediated
by miRNAs, the Small Molecule-miRNA Network-Based

Inference [SMiR-NBI; http://lmmd.ecust.edu.cn/database/smir-
nbi/ (29-31)] model was used. The SMiR-NBI model was built
on the basis of a heterogeneous network connecting drugs,
miRNAs, and genes [34] and predicts interactions between
small molecules and miRNAs.

Identification of Validated Targets for Studied
MiRNAs

The miRWalk tool was used to conduct in silico prediction of
miRNA targets (miRNA-mRNA Interaction Analysis). miRWalk,
an open-source platform, generates up-to-date predicted and
validated miRNA-binding sites of known genes [http://mirwalk.
umm.uni-heidelberg.de (32)]. The gene set enrichment analysis
(GSEA) was employed to test whether any functional group of
genes (e.g. pathways, the target of a transcription factor) from the
list of target genes were significantly enriched in specific pathways
or molecular functions.

RESULTS

Discovery Cohort
In the 20 RC patients forming the Discovery cohort, sixty-three
miRNAs resulted significantly differently expressed between the
two plasma samplings. MiR-122-5p showed the highest difference
between consecutive samplings and was selected for further
validation. With the advantage of long-term follow-up, we
additionally evaluated the differentially expressed miRNAs
between consecutive samplings and correlated the results with
the response to therapy; from this last evaluation we identified also
miR-142-5p for further validation.

miR-122-5p expression levels were significantly higher in the
second sampling than in the first sampling (p<0.001, 2.9-fold
change). miR-142-5p was identified as associated with patients’
therapy response: non-responders (i.e. patients who died within
a year after the diagnosis, did not benefit from therapy, or had a
local recurrence) exhibited significantly lower expression levels
in their second sampling compared to the first one (p<0.001,
-10.3-fold change). Downregulation of these miRNAs was
calculated comparing the second sampling vs the first sampling.

Validation by RT-gPCR

miR-122-5p and miR-142-5p were validated by RT-qPCR in
whole plasma and further in plasma EVs of RC patients (n=107)
and cancer-free controls (n=51). Both analyzed miRNAs were
detectable in whole plasma and plasma EVs. Results are
represented in Figures 2 and 3.

As in the Discovery cohort, in the Validation cohort miR-
122-5p was significantly upregulated in the second (T1) plasma
sampling when compared with the first one (T0) of RC patients.
miR-122-5p expression levels in second sampling (T1) were
significantly higher than those in the first sampling (TO;
p=0.0003, 3.2-fold change; Figure 2A). Interestingly, the same
effect was observed for miR-142-5p that was associated with the
response to therapy in the Discovery cohort (p=0.0002, 2.4-fold
change; Figure 2B).
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Due to the observed differences between consecutive plasma
samplings in RC patients, we wanted to determine the baseline
expression levels of selected miRNAs. For this reason, we
included plasma samples from a control group consisting of
healthy volunteers and compared the miRNA expression levels
of RC patients at the first sampling (TO at the time of the
diagnosis) with those from the control group. The results
revealed that both, miR-122-5p and miR-142-5p, were
significantly down-regulated in RC patients when compared
with the control group in plasma samples (for all the analyses
p <0.001; miR-122-5p: -4.5-fold change, miR-142-5p:-4.8-fold
change; Figures 2C, D).

With the advantage of long-term follow-up and gathering the
clinical data, we further stratified the patients according to the
response to therapy. Identified miRNAs were further evaluated
for patient’s clinical characteristics and treatment response
(recurrence of the tumor after the therapy and 3-year survival

of the patients since diagnosis). At the time of the diagnosis (1*
sampling, T0), the expression levels of both tested miRNAs did
not differ between patients that benefited from the therapy and
were alive from those dying during the follow-up period
(Figures 2E, F). A year after the diagnosis (2"¢ sampling, T1),
both miRNA expression profiles were significantly modified in
responding patients and no longer different from those measured
in controls (Figures 2E, F). On the contrary, we observed a
significant difference between patients that do not respond a year
after diagnosis and the control group (miR-122-5p: plasma: 4.9-
fold change, p=0.05; miR-142-5p: plasma: 4.5-fold change,
p=0.008, Figures 2E, F).

EVs are cell-derived membranous structures of endocytic
origin and contains various functional protein, mRNA, or
miRNAs (33). Despite their promising potential, the clinical
use is still limited. Today, several studies focused on
comparing plasma and EVs miRNAs as non-invasive
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biomarkers (34, 35). Following these evidences, miRNA
expression levels were also analyzed in plasma EVs to see if
their expression profiles in EVs mimics those in plasma. The
results revealed that both miR-122-5p and miR-142-5p in
plasma EVs were significantly down-regulated in RC patients
at the time of the diagnosis (T0) when compared with cancer-
free controls (for all analyses, p <0.001; miR-122-5p: -2.3-fold
change, miR-142-5p -2.1-fold change; Figures 3A, B). We did
not observe any difference between consecutive plasma EVs
samplings. However, after stratification of RC patients based
on therapy response, we observed a similar trend as in plasma of
RC patients (data not shown). Concerning miR-122-5p EVs
expression levels a year after diagnosis (T1), the expression
levels in RC patients that benefited from therapy were not
different from the expression levels in the control group while
patients that did not respond to therapy still evinced lower miR-
122-5p expression levels (comparison with controls: miR-122-
5p: 4.9-fold change, p=0.007, Figures 3C, D). This trend was not
observed for miR-142-5p in plasma EVs (1.6-fold change,
p=0.4). This discrepancy might be caused by a relatively small
number of patients that evinced relapse and did not respond well
to therapy.

No significant differences were observed between different
stages of RC, neither for miR-122-5p nor for miR-142-5p in EVs
and plasma. These non-significant outcomes can be attributed to
the small number of patients in some of the stages (I=5, I1=34,
III=51, and 1V=8, Supplementary Figure 1).

Cell-Culture-Based Assessment

The Impact of miRNAs on Proliferation, Colony
Formation, and Cell Cycle Distribution

To prove the effect of miR-122-5p ad miR-142-5p on RC
pathogenesis and prognosis, RC cell lines SW1463 and HRA16
were further analyzed. The over-expression of both miRNAs was
tested in the RC cells and measured for their ability to affect the
proliferation, to form single-cell colonies, and for their impact on
the cell cycle. The significant increase in the expression levels of
both analyzed miRNAs following the miRNA mimics
transfection was confirmed by RT-qPCR.

The effect of miR-122-5p and miR-142-5p (with and without
5-FU) on proliferation activity of SW1463 and HRA16 was
measured by WST-1 assay. After 24h, a significant decrease in
cell proliferation of SW1463 cells after the miR-122-5p
transfection was observed (Figure 4A, without 5-FU: p<0.001,
with 5-FU: p=0.0003), and the same trend was also recorded after
48 h (Figure 4A, without 5-FU: p=0.2, with 5-FU: p=0.008).
miR-122-5p also affected the cell proliferation of HRA16 cells
(Figure 4B, for 24 h: p=0.05, for 48 h: p= 0.04). miR-142-5p had
a moderate impact on SW1463 proliferation (Figure 4C,
p=0.007), whereas no effect on proliferation was recorded in
HRA16 transfected cells with miR-142-5p mimics (Figure 4D).

To investigate the long-term survival of cancer cells, the
colony-forming assay was performed. After 12 days, both cell
lines transfected with miRNA mimics formed significantly fewer
colonies than those transfected with control oligonucleotide
(Figures 4E-H and Supplementary Figure 2, miR-122-5p:

SW1463 - no significant results, HRA16 - p=0.05; miR-142-5p:
SW1463 - p=0.02, HRA16 - p=0.001). The same effect was also
observed after the 5-FU administration (miR-122-5p + 5-FU:
SW1463 - no significant results, HRA16 - p=0.01; miR-142-5p +
5FU: SW1463 - p=0.0008, HRA16 - p=0.005). These results
suggest that high levels of both miRNAs, as observed in human
samples, might mediate the anti-proliferative effect in
tumor cells.

Given these results, we investigated whether these miRNAs
have an impact on cell cycle arrest (Figures 4I-P and
Supplementary Figure 2). In both cell lines, we did not
observe any significant changes in cell cycle progression after
miR-122-5p and miR-142-5p transfection.

External Validation Through TCGA Data

In order to validate our results, we used the miRNA expression
levels reported in the TCGA project (The Cancer Genome Atlas
Rectum Adenocarcinoma TCGA-READ portal). We focused
only on those samples included in the TCGA-READ project
that had clinical data including survival data, reported miR-122
or miR-142 expression levels. Unfortunately, for miR-122
expression levels were available for 22 patients only and no
significant outcomes were noticed (data not shown). Concerning
miR-142 expression levels, in non-responders we observed a
significantly reduced expression levels for this miRNA when
compared to responders (Fold change=1.69, p=0.05, Figure 5).
This outcome is in agreement with our results.

Multivariate Analysis of Survival With
Clinical Factors and the miRNA Signature
Factors affecting the survival (such as sex, ‘hsa-miR-142",
hsamiR-122°, pT, pN, pM, Administration of Neoadjuvant
chemotherapy, Administration of Adjuvant chemotherapy)
were analyzed using the selection method variables (stepwise
selection). This analysis was performed for EVs and plasma
samples either considering the expression levels measured in
these specimens together or separately.

The overall survival for EVs and plasma samples analyzed
together was predominantly dependent on pN, sex, pM and
Adjuvant chemotherapy (AIC=67.26).

By ranking the significance of the combinations of individual
factors according to the AIC criterion, the combination ‘hsa-
miR-142"-pN-sex-pM-Adjuvant chemotherapy ranked 9th
(AIC=69.18), and the combination’ hsa-miR-122"-pN-sex-pM-
Adjuvant chemotherapy ranked 11th (AIC=69.22) out of a list
511 possible combinations. These results indicated the potential
prediction of survival status of both miRNAs.

For the analysis on plasma only, the combination pN and
Adjuvant chemotherapy was the strongest predictors
(AIC=37.18). Besides, the 8th and 9th place of 255 possible
were taken by the combinations containing ‘hsa-miR-122"-pN-
Adjuvant chemotherapy (AIC=39.05) and ' hsa-miR-142"-pN-
Adjuvant chemotherapy (AIC=39.16), respectively.

Considering EVs only, the outcomes were similar to those
obtained in plasma. The most significant results were for the
parameters pN and Adjuvant chemotherapy (AIC=40.89) while
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FIGURE 4 | Cell-cutture-based assessment. The effect of miR-122-5p and miR-142-5p on cell proliferation (A-D), colony-forming activity (E-H), and cell cycle
distribution (I-P) in rectal cancer cell lines. (A, B) - A significant decrease in cell proliferation of SW1463 cells after the miR-122-5p transfection (A) was observed after
both 24h and 48h (24h: without 5-FU: p<0.001, with 5-FU: p=0.0003; 48h: without 5-FU: p=0.2, with 5-FU: p=0.008). Same trend was recorded for HRA16 [(B), for 24
h: p=0.05, for 48 h: p= 0.04]. (C, D) miR-142-5p transfection had a moderate impact on SW1463 proliferation [(C), p=0.007] but no effect on HRA16 proliferation (D).
(E, F-H) Both HRA16 and SW1463 transfected with miR-122-5p and miR-142-5p mimics formed significantly fewer colonies than those transfected with control
oligonucleotide (miR-122-5p: SW1463 - no significant results, HRA16 — p=0.05; miR-142-5p: SW1463 — p=0.02, HRA16 — p=0.001). The same effect was also observed
after the 5-FU administration (miR-122-5p + 5-FU: SW1463 - no significant results, HRA16 — p=0.01; miR-142-5p + 5FU: SW1463 — p=0.0008, HRA16 — p=0.005).
(I-P) No significant change in cell cycle progression after miR-122-5p and miR-142-5p transfection was observed. *p < 0.05, **p < 0.01, **p < 0.001.
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the combination ‘hsa-miR-122'-pN-Adjuvant chemotherapy
(AIC=42.09) and' hsa-miR-142'-pN-Adjuvant chemotherapy
(AIC=42.85) were on the 3rd and 7th position, respectively.

In summary, the majority of tested models (approx. 70%)
included miRNAs as significant predictors (data not shown).

Bioinformatic Analysis

Identification of miRNAs as Potential
Pharmacogenomic Biomarkers for Anticancer Drugs
To identify whether both tested miRNAs could work as potential
pharmacogenomic biomarkers for anticancer drugs, we have
performed an additional analysis with the implementation of
SMiR-NBI model which predicts interactions between small
molecules and miRNAs (Table 2). According to this in silico
analysis, both miRNAs resulted regulated by many drugs, such as
cisplatin or 5-FU. This in silico outcome agrees with our findings
that both RC cell lines with artificially increased miRNA levels
had worse survival after 5-FU therapy.

Identification of Validated Targets for Studied
miRNAs
Firstly, we identified miRNA targets that have previously been
predicted or validated by experimental approaches through
miRWalk algorithm and the other tools (including TargetScan,
miRTarBase, and miRDB) included in miRWalk. Target genes
that could be predicted in at least three databases were defined as
highly predicted miRNA targets. For these target genes, Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analyses were conducted by GSEA.

For miR-122-5p, 236 target genes were predicted according to
miRWalk and validated in miRTarBase (Supplementary Table 1).

TABLE 2 | The prediction of interaction of small molecules with miR-122-5p
and miR-142-5p.

miRNA Small Molecule Regulation

hsa-miR-122-5p Arsenic Trioxide
1,2,6-Tri-O-galloyl-beta-D-glucopyranose
Microcystin-LR

MG132

Bortezomib

Cisplatin and 5-Fluorouracil

Doxorubicin

Vitamin E

Enoxacin

B R el e

hsa-miR-142-5p Triptolide
Cisplatin
Progesterone

Topotecan

— 5 5 «

| miRNA expression was repressed by the listed small molecule.
1 miRNA expression was upregulated by the listed small molecule.

Several terms in KEGG, such as “PI3K-Akt signaling pathway”,
“Pathways in cancer,” and “Metabolism in cancer” were enriched
(Supplementary Table 2). After consideration for Benjamini-
Hochberg corrections, all these terms were not considered
significant. GO analysis of the validated and predicted miRNA
targets was conducted, and a total of 6 biological processes (BP), 3
molecular functions (MF), and 3 cellular components (CC) terms
were identified. Among them, “Negative regulation of apoptotic
process” and “protein phosphorylation” were two of the tops from
BP (Supplementary Table 3). Interestingly, from Reactome
analysis, the neutrophil degranulation showed the only outcome.
In the response to infection, neutrophils leave the circulation and
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migrate towards the inflammatory focus. This result seems to be
relevant as inflammation is also likely to be involved in other forms
of sporadic as well as heritable colon cancer.

For miRNA-142-5p, 8 target genes predicted in miRWalk
were also validated according to miRTarBase (Supplementary
Table 4). Due to low number of validated target genes, the GSEA
analysis was not possible to be performed.

DISCUSSION

RC disease course and prognosis are heterogeneous and for a
proper disease management the discovery of new biomarkers for
early diagnosis and treatment response prediction is necessary.
In this study, we initially profiled miRNA expression levels of 20
RC patients with consecutive plasma samples by next generation
sequencing. Two miRNAs (miR-122-5p and miR-142-5p) were
selected for further validation. To investigate whether these
miRNAs might be used as non-invasive diagnostic and
prognostic biomarkers, miR-122-5p and miR-142-5p were
analyzed in plasma and further in plasma EVs of 107 RC
patients and 51 cancer-free individuals. Plasma and plasma
EVs of RC patients were examined at the time of diagnosis
and one year after. EVs are considered as both mediators of cell-
to-cell communication, and as potential delivery vesicles for a
therapeutic approach (36, 37). We identified miR-122-5p and
miR-142-5p as down-regulated in plasma and plasma EVs of RC
patients compared to cancer-free individuals. Accordingly,
patients with a persistent low miR-122-5p expression levels (in
whole plasma and plasma EVs) and miR-142-5p (in whole
plasma) in their second sample displayed worse survival. The
different expression trends between T1 responders and non-
responders in plasma EVs was observed in our study for miR-
142-5p. At the time of diagnosis, these differences were not
significant. Since we did not observe a similar trend for miR-122-
5p, we assumed that the limited number of patients analyzed
might be one of the possible explanations. We hypothesize that
this observation may be also related to the biological function of
miR-142-5p. Sukma Dewi et al. (38) pointed to functional
significance of miR-142-3p in establishing cell-to-cell
communication. Li and Li (39), observed that miR-142-3p
clearly upregulated the cancer stem cells (CSCs) colon
population. In their study, authors reported that miR-142-3p
in EVs was the main factor for increasing the colon CSC
population in colon cancer. The authors also found that this
miRNA inhibited the proliferation of colon cancer cells.
However, they also showed that miR-142-3p promoted the
population of CSCs in colon cancer as a tumour booster. Due
to the biological similarity of miRNAs -3p and -5p, we assume
the same effect for both isoforms, although this has not yet been
described in the literature. We also believe that the same applies
also for RC. This may be the reason why in our study, patients
who did not respond to treatment had higher levels of miR-142-
5p both at the time of diagnosis and one year after diagnosis.
However, many questions still remain to be answered about the
biological role and mechanism of action of miR-142-5p in RC.

To further explain our observation, both miRNAs were
artificially overexpressed in RC cell lines (SW1463 and HRA16)
and investigated for their effect on long-term survival with and
without administration of 5-FU. Increased levels of both miRNAs
in RC cell lines were associated with significantly less formed
colonies after administration of 5-FU. These results are in
concordance with RC patients and suggest that miR-122-5p and
miR-142-5p act as tumor suppressors. In addition, it has been
proved that miR-122-5p is up-regulated in the presence of 5-FU
by SMiR-NBI model and it might be assumed that the miRNA
effect is thus potentiated. Studies connected to colon and rectal
pathogenesis and miR-122-5p expression levels were mainly
focused on metastatic colorectal cancer. One of the most
frequent sites for colon and rectal cancer metastasis is liver and
miR-122-5p was identified as liver-specific miRNA (40-42).
Several studies showed that expression levels of miR-122-5p can
distinguish colorectal cancer patients from healthy controls and
higher expression levels of miR-122-5p indicated the higher
occurrence of metastasis in colorectal patients (43-46). Similarly,
increased miR-122-5p expression levels in plasma (47) or serum
EVs (48) were associated with the presence of distant metastases,
worse survival and a higher risk of relapse (47). These findings are
not in agreement with our results; however, several issues explain
these inconsistencies. In the study of Maierthaler et al. (47) the
cohort included only 25% of RC patients and the study of Sun et al.
(48) did not specified the number of RC. Our study is exclusively
focused on RC patients. Moreover, many studies were not focused
on liquid biopsy and only analyzed expression in tumor tissues (or
cancer cell lines). Similarly to us, the expression of serum miR-
122-5p in patients with gastric cancer was significantly lower than
in healthy controls and the authors also described correlation with
the survival status — lower levels being associated with poor
survival (49). Two other studies focused on plasma described a
lower expression of miR-122-5p in gastric cancer patients than in
healthy controls or patients with benign gastrointestinal diseases
(50, 51). miR-122-5p plasma expression levels were also tested in
patients with hepatocellular carcinoma (HCC). In the study of
Amr et al. (52), authors showed that miR-122-5p was down-
regulated in HCC patients compared to healthy controls and an
analogous pattern was observed in the serum of HCC patients (53,
54). All these observations, describing down-regulation of miR-
122-5p in serum and plasma of cancer patients, are consistent with
our results.

To the best of our knowledge, the study of Kunigenas et al. is
the only one focused on miR-142-5p in RC. The authors reported
increased expression levels of this miRNA in rectal tissue
compared to adjacent non-malignant mucosa (55). In
colorectal cancer, the role of miR-142-5p seems to be more
controversial. In two studies, miR-142-5p was described as up-
regulated in colorectal tumor tissue compared to adjacent
mucosa (56, 57). On the other hand, in the study of Kong
et al., authors observed lower expression levels in tumor tissue
(58). Unfortunately, these studies lack the stratification of
patients according to the tumor localization and do not
provide more detailed results about RC. Moreover, there is no
study focusing on miR-142-5p in liquid biopsy.
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The major advantage of our study is specific focus on RC
patients. Moreover, all samples were enrolled in a single-center
hospital and were of the same ethnicity and socio-cultural
background. Plasma samples, as the source for miRNA expression
analysis, were collected repeatedly within a year with the ability to
monitor the therapy outcome. Generally, most studies are focused
on the identification of diagnostic or prognostic biomarkers in body
fluids collected only at the time of the diagnosis. The consecutive
blood samplings as performed in the present study are usually
lacking and this highlight the unique design of our study. In
comparison with a traditional tissue biopsy, plasma samples bring
advantages of easy, non-invasive collection that can be repeatedly
collected overtime. The main limitation of this study is a relatively
small cohort of patients with an available second sample and a lack
of tissue material. The present study is, to our knowledge, the first
study to evaluate changes in miRNA expression levels within the RC
patients over the course of treatment, and their correlation with
their follow-up.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: NCBI Trace Archive
NCBI Sequence Read archive https://www.ncbi.nlm.nih.gov/
bioproject/727696.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Committee of the Institute of Experimental
Medicine and the Thomayer Hospital, Prague. The patients/
participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

Design study and performance of discovery phase - VV, BP, and
AN. Collection and preparation of samples - KC, ML, PS, and

REFERENCES

1. Slaby O, Svoboda M, Michalek J, Vyzula R. MicroRNAs in Colorectal Cancer:
Translation of Molecular Biology Into Clinical Application. Mol Cancer
(2009) 8:102. doi: 10.1186/1476-4598-8-102

2. Carter JV, O’Brien SJ, Burton JF, Oxford BG, Stephen V, Hallion J, et al. The
MicroRNA-200 Family Acts as an Oncogene in Colorectal Cancer by
Inhibiting the Tumor Suppressor RASSF2. Oncol Lett (2019) 18(4):3994—
4007. doi: 10.3892/01.2019.10753

3. Fu Y, Lin L, Xia L. MiR-107 Function as a Tumor Suppressor Gene in
Colorectal Cancer by Targeting Transferrin Receptor 1. Cell Mol Biol Lett
(2019) 24:31. doi: 10.1186/s11658-019-0155-z

TB. Performance of validation phase — KC. Supervision in vitro
analysis — AO. Statistical analysis - VN. Interpretation of data -
BP, AN, and VV. Original draft preparation - KC. Writing -
reviewing and editing - VV, BP, AN, PV, KC, TB, SV, ML, AO,
PS, VN and JH. All authors contributed to the article and
approved the submitted version.

FUNDING

This project was supported by the Grant Agency of the Ministry
of Health of the Czech Republic (AZV 17-30920A) and the
Grant Agency of Charles University (GAUK 302119). The work
was partially supported by Legal taliana per La Lotta contro i
Tumori (LILT) (to BP and AN) and by the Oncobiome European
H2020 research project (grant number 825410 to AN).

ACKNOWLEDGMENTS

We are thankful to Charles University Research Centre program
UNCE/MED/006 “University Centre of Clinical and
Experimental Liver Surgery” and INTER-COST project no.
LTC19015 provided by the Ministry of Education Youth and
Sports of the Czech Republic and by project No. CZ.02.1.01/0.0/
0.0/16_019/0000787 “Fighting Infectious Diseases”, awarded by
the MEYS CR. This article is based upon work from COST
Action CA17118, supported by COST (European Cooperation in
Science and Technology, www.cost.eu).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
702258/full#supplementary-material

Supplementary Figure 1 | Expression analysis of miR-122-5p and miR-142-5p
according to different stages of RC.

Supplementary Figure 2 | Colony forming assay and cell cycle distribution figures
for A) miR-122-5p and SW1463 celllines, B) miR-122-5p and HRA16 celllines, C) miR-
142-5p and SW1463 cell lines, and D) miR-142-5p and HRA16 cell lines.

4. Rui X, Zhao H, Xiao X, Wang L, Mo L, Yao Y. MicroRNA-34a Suppresses
Breast Cancer Cell Proliferation and Invasion by Targeting Notch1. Exp Ther
Med (2018) 16(6):4387-92. doi: 10.3892/etm.2018.6744

5. Zhao MY, Wang LM, Liu ], Huang X, Liu J, Zhang YE. MiR-21 Suppresses Anoikis
Through Targeting PDCD4 and PTEN in Human Esophageal Adenocarcinoma.
Curr Med Sci (2018) 38(2):245-51. doi: 10.1007/s11596-018-1872-7

6. Kral J, Korenkova V, Novosadova V, Langerova L, Schneiderova M, Liska V,
et al. Expression Profile of MiR-17/92 Cluster is Predictive of Treatment
Response in Rectal Cancer. Carcinogenesis (2018) 39(11):1359-67.
doi: 10.1093/carcin/bgy100

7. Schetter AJ, Nguyen GH, Bowman ED, Mathe EA, Yuen ST, Hawkes JE, et al.
Association of Inflammation-Related and MicroRNA Gene Expression With

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 702258


https://www.ncbi.nlm.nih.gov/bioproject/727696
https://www.ncbi.nlm.nih.gov/bioproject/727696
http://www.cost.eu
https://www.frontiersin.org/articles/10.3389/fonc.2021.702258/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.702258/full#supplementary-material
https://doi.org/10.1186/1476-4598-8-102
https://doi.org/10.3892/ol.2019.10753
https://doi.org/10.1186/s11658-019-0155-z
https://doi.org/10.3892/etm.2018.6744
https://doi.org/10.1007/s11596-018-1872-7
https://doi.org/10.1093/carcin/bgy100
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Cervena et al.

Circulating MicroRNAs in Rectal Cancer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Cancer-Specific Mortality of Colon Adenocarcinoma. Clin Cancer Res (2009)
15(18):5878-87. doi: 10.1158/1078-0432.CCR-09-0627

. YiR, Li Y, Wang FL, Miao G, Qi RM, Zhao YY. MicroRNAs as Diagnostic and

Prognostic Biomarkers in Colorectal Cancer. World ] Gastrointest Oncol
(2016) 8(4):330-40. doi: 10.4251/wjgo.v8.i4.330

. Zeng Z, Dong ], Li Y, Dong Z, Liu Z, Huang J, et al. The Expression Level and

Diagnostic Value of MicroRNA-22 in HCC Patients. Artif Cells Nanomed
Biotechnol (2020) 48(1):683-6. doi: 10.1080/21691401.2019.1703723
Okamoto K, Miyoshi K, Murawaki Y. MiR-29b, MiR-205 and MiR-221
Enhance Chemosensitivity to Gemcitabine in Huh28 Human
Cholangiocarcinoma Cells. PloS One (2013) 8(10):€77623. doi: 10.1371/
journal.pone.0077623

Shi GH, Ye DW, Yao XD, Zhang SL, Dai B, Zhang HL, et al. Involvement of
MicroRNA-21 in Mediating Chemo-Resistance to Docetaxel in Androgen-
Independent Prostate Cancer PC3 Cells. Acta Pharmacol Sin (2010) 31
(7):867-73. doi: 10.1038/aps.2010.48

Jiang S, Wang R, Yan H, Jin L, Dou X, Chen D. MicroRNA-21 Modulates
Radiation Resistance Through Upregulation of Hypoxia-Inducible Factor-
lalpha-Promoted Glycolysis in non-Small Cell Lung Cancer Cells. Mol Med
Rep (2016) 13(5):4101-7. doi: 10.3892/mmr.2016.5010

Kanaan Z, Rai SN, Eichenberger MR, Roberts H, Keskey B, Pan J, et al. Plasma
MiR-21: A Potential Diagnostic Marker of Colorectal Cancer. Ann Surg (2012)
256(3):544-51. doi: 10.1097/SLA.0b013e318265bd6f

Khalighfard S, Alizadeh AM, Irani S, Omranipour R. Plasma MiR-21, MiR-155,
MIiR-10b, and Let-7a as the Potential Biomarkers for the Monitoring of Breast
Cancer Patients. Sci Rep (2018) 8(1):17981. doi: 10.1038/s41598-018-36321-3
Yang JS, Li BJ, Lu HW, Chen Y, Lu C, Zhu RX, et al. Serum MiR-152, Mir-
148a, MiR-148b, and MiR-21 as Novel Biomarkers in Non-Small Cell Lung
Cancer Screening. Tumour Biol (2015) Apr36(4):3035-42. doi: 10.1007/
s13277-014-2938-1

Dragomir MP, Moisoiu V, Manaila R, Pardini B, Knutsen E, Anfossi S, et al. A
Holistic Perspective: Exosomes Shuttle Between Nerves and Immune Cells in the
Tumor Microenvironment. J Clin Med (2020) 9(11):3529. doi: 10.3390/jcm9113529
Pardini B, Sabo AA, Birolo G, Calin GA. Noncoding Rnas in Extracellular
Fluids as Cancer Biomarkers: The New Frontier of Liquid Biopsies. Cancers
(Basel) (2019) 11(8):1170. doi: 10.3390/cancers11081170

Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson JC,
et al. Colorectal Cancer Statistics, 2020. CA Cancer ] Clin (2020) 70(3):145-64.
doi: 10.3322/caac.21601

Jafarabadi MA, Mohammadi SM, Hajizadeh E, Kazemnejad A, Fatemi SR.
Does the Prognosis of Colorectal Cancer Vary With Tumor Site?
Gastroenterol Hepatol Bed Bench (2011) 4(4):199-209.

van der Sijp MP, Bastiaannet E, Mesker WE, van der Geest LG, Breugom A]J,
Steup WH, et al. Differences Between Colon and Rectal Cancer in
Complications, Short-Term Survival and Recurrences. Int J Colorectal Dis
(2016) 31(10):1683-91. doi: 10.1007/s00384-016-2633-3

Filip S, Vymetalkova V, Petera J, Vodickova L, Kubecek O, John S, et al.
Distant Metastasis in Colorectal Cancer Patients-do We Have New Predicting
Clinicopathological and Molecular Biomarkers? A Comprehensive Review.
Int ] Mol Sci (2020) 21(15):5255. doi: 10.3390/ijms21155255

Li FY, Lai MD. Colorectal Cancer, One Entity or Three. ] Zhejiang Univ Sci B
(2009) 10(3):219-29. doi: 10.1631/jzus.B0820273

Tamas K, Walenkamp AM, de Vries EG, van Vugt MA, Beets-Tan RG, van
Etten B, et al. Rectal and Colon Cancer: Not Just a Different Anatomic Site.
Cancer Treat Rev (2015) 41(8):671-9. doi: 10.1016/j.ctrv.2015.06.007

Hugen N, van de Velde CJH, de Wilt JHW, Nagtegaal ID. Metastatic Pattern
in Colorectal Cancer is Strongly Influenced by Histological Subtype. Ann
Oncol (2014) 25(3):651-7. doi: 10.1093/annonc/mdt591

Rithimaki M, Hemminki A, Sundquist J, Hemminki K. Patterns of Metastasis
in Colon and Rectal Cancer. Sci Rep (2016) 6:29765. doi: 10.1038/srep29765
Sabo AA, Birolo G, Naccarati A, Dragomir MP, Aneli S, Allione A, et al. Small
non-Coding RNA Profiling in Plasma Extracellular Vesicles of Bladder Cancer
Patients by Next-Generation Sequencing: Expression Levels of Mir-126-3p
and Pir-5936 Increase With Higher Histologic Grades. Cancers (Basel) (2020)
12(6):1507. doi: 10.3390/cancers12061507

Andres-Leon E, Nunez-Torres R, Rojas AM. Miarma-Seq: A Comprehensive
Tool for MiRNA, mRNA and CircRNA Analysis. Sci Rep (2016) 6:25749.
doi: 10.1038/srep25749

28.

29.

30.

31.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Colaprico A, Silva TC, Olsen C, Garofano L, Cava C, Garolini D, et al.
Tcgabiolinks: An R/Bioconductor Package for Integrative Analysis of TCGA
Data. Nucleic Acids Res (2016) 44(8):e71. doi: 10.1093/nar/gkv1507

Li J, Wu Z, Cheng F, Li W, Liu G, Tang Y. Computational Prediction of
MicroRNA Networks Incorporating Environmental Toxicity and Disease
Etiology. Sci Rep (2014) 4:5576. doi: 10.1038/srep05576

Cheng F, Liu C, Jiang J, Lu W, Li W, Liu G, et al. Prediction of Drug-Target
Interactions and Drug Repositioning via Network-Based Inference. PloS
Comput Biol (2012) 8(5):1002503. doi: 10.1371/journal.pcbi.1002503

LiJ, Lei K, Wu Z, Li W, Liu G, Liu J, et al. Network-Based Identification of
MicroRNAs as Potential Pharmacogenomic Biomarkers for Anticancer
Drugs. Oncotarget (2016) 7(29):45584-96. doi: 10.18632/oncotarget.10052

. Sticht C, de la Torre C, Parveen A, Gretz N. Mirwalk: An Online Resource for

Prediction of MicroRNA Binding Sites. PloS One (2018) 13(10):e0206239.
doi: 10.1371/journal.pone.0206239

van Niel G, D’Angelo G, Raposo G. Shedding Light on the Cell Biology of
Extracellular Vesicles. Nat Rev Mol Cell Biol (2018) Apr19(4):213-28.
doi: 10.1038/nrm.2017.125

Tian F, Shen Y, Chen Z, Li R, Ge Q. No Significant Difference Between Plasma
MiRNAs and Plasma-Derived Exosomal Mirnas From Healthy People.
BioMed Res Int (2017) 2017:1304816. doi: 10.1155/2017/1304816

Ge Q, Zhou Y, Lu J, Bai Y, Xie X, Lu Z. MiRNA in Plasma Exosome is Stable
Under Different Storage Conditions. Molecules (2014) 19(2):1568-75.
doi: 10.3390/molecules19021568

Alvarez-Erviti L, Seow Y, Yin H, Betts C, Lakhal S, Wood M]. Delivery of
SiRNA to the Mouse Brain by Systemic Injection of Targeted Exosomes. Nat
Biotechnol (2011) 29(4):341-5. doi: 10.1038/nbt.1807

Xu R, Rai A, Chen M, Suwakulsiri W, Greening DW, Simpson RJ.
Extracellular Vesicles in Cancer - Implications for Future Improvements in
Cancer Care. Nat Rev Clin Oncol (2018) 15(10):617-38. doi: 10.1038/s41571-
018-0036-9

Sukma Dewi I, Hollander Z, Lam KK, McManus JW, Tebbutt SJ, Ng RT, et al.
Association of Serum MiR-142-3p and MiR-101-3p Levels With Acute
Cellular Rejection After Heart Transplantation. PloS One (2017) 12(1):
€0170842. doi: 10.1371/journal.pone.0170842

Li H, Li F. Exosomes From BM-Mscs Increase the Population of Cscs via
Transfer of miR-142-3p. Br J Cancer (2018) 119(6):744-55. doi: 10.1038/
541416-018-0254-z

Chang J, Nicolas E, Marks D, Sander C, Lerro A, Buendia MA, et al. MiR-122,
a Mammalian Liver-Specific MicroRNA, Is Processed From Her mRNA and
May Downregulate the High Affinity Cationic Amino Acid Transporter CAT-1.
RNA Biol (2004) 1(2):106-13. doi: 10.4161/rna.1.2.1066

Thakral S, Ghoshal K. MiR-122 is a Unique Molecule With Great Potential in
Diagnosis, Prognosis of Liver Disease, and Therapy Both as Mirna Mimic and
Antimir. Curr Gene Ther (2015) 15(2):142-50. doi: 10.2174/156652321466
6141224095610

Zarour LR, Anand S, Billingsley KG, Bisson WH, Cercek A, Clarke MF, et al.
Colorectal Cancer Liver Metastasis: Evolving Paradigms and Future
Directions. Cell Mol Gastroenterol Hepatol (2017) 3(2):163-73. doi: 10.1016/
j.jemgh.2017.01.006

Tino I, Kikuchi H, Miyazaki S, Hiramatsu Y, Ohta M, Kamiya K, et al. Effect of
MiR-122 and its Target Gene Cationic Amino Acid Transporter 1 on
Colorectal Liver Metastasis. Cancer Sci (2013) 104(5):624-30. doi: 10.1111/
cas.12122

Liu J, Li H, Sun L, Shen S, Zhou Q, Yuan Y, et al. Epigenetic Alternations of
MicroRNAs and DNA Methylation Contribute to Liver Metastasis of Colorectal
Cancer. Dig Dis Sci (2019) 64(6):1523-34. doi: 10.1007/s10620-018-5424-6
Carter JV, Roberts HL, Pan ], Rice D, Burton JF, Galbraith NJ, et al. A Highly
Predictive Model for Diagnosis of Colorectal Neoplasms Using Plasma
Microrna: Improving Specificity and Sensitivity. Ann Surg (2016) 264
(4):575-84. doi: 10.1097/SLA.0000000000001873

Vychytilova-Faltejskova P, Pesta M, Radova L, Liska V, Daum O, Kala Z, et al.
Genome-Wide MicroRNA Expression Profiling in Primary Tumors and
Matched Liver Metastasis of Patients With Colorectal Cancer. Cancer
Genomics Proteomics (2016) 13(4):311-6.

Maierthaler M, Benner A, Hoffmeister M, Surowy H, Jansen L, Knebel P, et al.
Plasma MiR-122 and MiR-200 Family are Prognostic Markers in Colorectal
Cancer. Int ] Cancer (2017) 140(1):176-87. doi: 10.1002/ijc.30433

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 702258


https://doi.org/10.1158/1078-0432.CCR-09-0627
https://doi.org/10.4251/wjgo.v8.i4.330
https://doi.org/10.1080/21691401.2019.1703723
https://doi.org/10.1371/journal.pone.0077623
https://doi.org/10.1371/journal.pone.0077623
https://doi.org/10.1038/aps.2010.48
https://doi.org/10.3892/mmr.2016.5010
https://doi.org/10.1097/SLA.0b013e318265bd6f
https://doi.org/10.1038/s41598-018-36321-3
https://doi.org/10.1007/s13277-014-2938-1
https://doi.org/10.1007/s13277-014-2938-1
https://doi.org/10.3390/jcm9113529
https://doi.org/10.3390/cancers11081170
https://doi.org/10.3322/caac.21601
https://doi.org/10.1007/s00384-016-2633-3
https://doi.org/10.3390/ijms21155255
https://doi.org/10.1631/jzus.B0820273
https://doi.org/10.1016/j.ctrv.2015.06.007
https://doi.org/10.1093/annonc/mdt591
https://doi.org/10.1038/srep29765
https://doi.org/10.3390/cancers12061507
https://doi.org/10.1038/srep25749
https://doi.org/10.1093/nar/gkv1507
https://doi.org/10.1038/srep05576
https://doi.org/10.1371/journal.pcbi.1002503
https://doi.org/10.18632/oncotarget.10052
https://doi.org/10.1371/journal.pone.0206239
https://doi.org/10.1038/nrm.2017.125
https://doi.org/10.1155/2017/1304816
https://doi.org/10.3390/molecules19021568
https://doi.org/10.1038/nbt.1807
https://doi.org/10.1038/s41571-018-0036-9
https://doi.org/10.1038/s41571-018-0036-9
https://doi.org/10.1371/journal.pone.0170842
https://doi.org/10.1038/s41416-018-0254-z
https://doi.org/10.1038/s41416-018-0254-z
https://doi.org/10.4161/rna.1.2.1066
https://doi.org/10.2174/1566523214666141224095610
https://doi.org/10.2174/1566523214666141224095610
https://doi.org/10.1016/j.jcmgh.2017.01.006
https://doi.org/10.1016/j.jcmgh.2017.01.006
https://doi.org/10.1111/cas.12122
https://doi.org/10.1111/cas.12122
https://doi.org/10.1007/s10620-018-5424-6
https://doi.org/10.1097/SLA.0000000000001873
https://doi.org/10.1002/ijc.30433
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Cervena et al.

Circulating MicroRNAs in Rectal Cancer

48.

49.

50.

51.

52.

53.

54.

55.

56.

Sun L, Liu X, Pan B, Hu X, Zhu Y, Su Y, et al. Serum Exosomal MiR-122 as a
Potential Diagnostic and Prognostic Biomarker of Colorectal Cancer With
Liver Metastasis. ] Cancer (2020) 11(3):630-7. doi: 10.7150/jca.33022

Zhang Y, Huang H, Zhang Y, Liao N. Combined Detection of Serum MiR-
221-3p and MiR-122-5p Expression in Diagnosis and Prognosis of Gastric
Cancer. ] Gastric Cancer (2019) 19(3):315-28. doi: 10.5230/jgc.2019.19.e28
Zhu XL, Ren LF, Wang HP, Bai ZT, Zhang L, Meng WB, et al. Plasma MicroRNAs
as Potential New Biomarkers for Early Detection of Early Gastric Cancer. World ]
Gastroenterol (2019) 25(13):1580-91. doi: 10.3748/wjg.v25.i13.1580

Chen Q, Ge X, Zhang Y, Xia H, Yuan D, Tang Q, et al. Plasma MiR-122 and MiR-
192 as Potential Novel Biomarkers for the Early Detection of Distant Metastasis of
Gastric Cancer. Oncol Rep (2014) 31(4):1863-70. doi: 10.3892/0r.2014.3004
Amr KS, Elmawgoud Atia HA, Elazeem Elbnhawy RA, Ezzat WM. Early Diagnostic
Evaluation of MiR-122 and MiR-224 as Biomarkers for Hepatocellular Carcinoma.
Genes Dis (2017) 4(4):215-21. doi: 10.1016/j.gendis.2017.10.003

Sohn W, Kim J, Kang SH, Yang SR, Cho JY, Cho HC, et al. Serum Exosomal
MicroRNAs as Novel Biomarkers for Hepatocellular Carcinoma. Exp Mol
Med (2015) 47(9):e184. doi: 10.1038/emm.2015.68

Motawi TM, Sadik NA, Shaker OG, Ghaleb MH. Elevated Serum Microrna-
122/222 Levels are Potential Diagnostic Biomarkers in Egyptian Patients With
Chronic Hepatitis C But Not Hepatic Cancer. Tumour Biol (2016) 37
(7):9865-74. doi: 10.1007/s13277-016-4884-6

Kunigenas L, Stankevicius V, Dulskas A, Budginaite E, Alzbutas G, Stratilatovas E,
etal. 3D Cell Culture-Based Global MiRNA Expression Analysis Reveals Mir-142-
5p as a Theranostic Biomarker of Rectal Cancer Following Neoadjuvant Long-
Course Treatment. Biomolecules (2020) 10(4):613. doi: 10.3390/biom10040613
Liu S, Xiao Z, Ai F, Liu F, Chen X, Cao K, et al. MiR-142-5p Promotes
Development of Colorectal Cancer Through Targeting SDHB and Facilitating
Generation of Aerobic Glycolysis. BioMed Pharmacother (2017) 92:1119-27.
doi: 10.1016/j.biopha.2017.05.134

57. Islam F, Gopalan V, Vider J, Lu CT, Lam AK. MiR-142-5p Act as an
Oncogenic Microrna in Colorectal Cancer: Clinicopathological and
Functional Insights. Exp Mol Pathol (2018) 104(1):98-107. doi: 10.1016/
j.yexmp.2018.01.006

58. Kong W, Guang Y, Yu P, Zhu A, Zhang ], Ying R. Diagnostic Value of MiR-
142-5p and Tiam-1 in Colon Cancer Patients. Clin Lab (2019) 65(12).
doi: 10.7754/Clin.Lab.2019.190721

Conflict of Interest: TB received honoraria and research support from Roche,
Bayer, Ipsen, Novartis, Merck, Bristol-Myers Squibb, and Servier (unrelated to the
present article).

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Cervena, Novosadova, Pardini, Naccarati, Opattova, Horak,
Vodenkova, Buchler, Skrobanek, Levy, Vodicka and Vymetalkova. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 702258


https://doi.org/10.7150/jca.33022
https://doi.org/10.5230/jgc.2019.19.e28
https://doi.org/10.3748/wjg.v25.i13.1580
https://doi.org/10.3892/or.2014.3004
https://doi.org/10.1016/j.gendis.2017.10.003
https://doi.org/10.1038/emm.2015.68
https://doi.org/10.1007/s13277-016-4884-6
https://doi.org/10.3390/biom10040613
https://doi.org/10.1016/j.biopha.2017.05.134
https://doi.org/10.1016/j.yexmp.2018.01.006
https://doi.org/10.1016/j.yexmp.2018.01.006
https://doi.org/10.7754/Clin.Lab.2019.190721
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Analysis of MicroRNA Expression Changes During the Course of Therapy In Rectal Cancer Patients
	Introduction
	Material and Methods
	Design of the Study
	Study Population and Collection of Biological Specimens
	MiRNA Isolation From Whole Plasma and Plasma EVs
	RNA Extraction and Quality Control
	Small RNA-Sequencing

	MiRNA Expression Analysis by RT-qPCR
	Cell Lines and Cell Culture
	Cell Transfection and Treatment
	Cell Proliferation (WST-1 Assay) and Colony Forming Assay
	Cell Cycle Analysis
	External Validation Through TCGA Data
	Statistical Analysis
	Bioinformatics Analysis
	Identification of miRNAs as Potential Pharmacogenomic Biomarkers for Anticancer Drugs
	Identification of Validated Targets for Studied MiRNAs


	Results
	Discovery Cohort
	Validation by RT-qPCR
	Cell-Culture-Based Assessment
	The Impact of miRNAs on Proliferation, Colony Formation, and Cell Cycle Distribution

	External Validation Through TCGA Data
	Multivariate Analysis of Survival With Clinical Factors and the miRNA Signature
	Bioinformatic Analysis
	Identification of miRNAs as Potential Pharmacogenomic Biomarkers for Anticancer Drugs
	Identification of Validated Targets for Studied miRNAs


	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


