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SIGNIFICANCE OF MIR-146A QUANTIFICATION IN HUMAN BLOOD
PLASMA FOR THE DIAGNOSIS OF COLORECTAL CANCER
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Colorectal cancer (CRC) is one of the most common cancer types in the world. Timely diagnosis of CRC and adenomatous
polyps aided by effective screening techniques can considerably reduce mortality from this disease. MicroRNAs constitute a
new class of promising biomarkers for a range of human diseases including cancer. The following article assesses the diagnostic
significance of miR-146a concentrations in the blood plasma of patients with colorectal cancer. The main group included
patients with stages | to lll colorectal cancer (n = 102); the control group comprised patients with chronic colitis, nonspecific
ulcerative colitis and Crohn’s disease (n = 58) and healthy individuals (n = 42). MicroRNA levels were quantified by reverse-
transcription real-time PCR, revealing significantly higher miR-146a concentrations in the samples of patients with CRC than in
the controls (p < 0.0001). The optimal diagnostic sensitivity determined by ROC analysis was 47.3 %, specificity was 91.5 %, with
AUC = 0.79 + 0.018. Our findings demonstrate that the studied approach does not have sufficient specificity, but still suggest
that miR-146a can be included into screening tests based on quantification of other microRNAs with improved specificity.

Keywords: cancer research, colorectal cancer, screening, biomarker, microRNA, miR-146a, cel-238, polymerase chain
reaction, reverse transcription

Funding: this works was supported by the Federal Targeted Program for Research and Development in Priority Areas of Advancement of the Russian Scientific
and Technological Complex for 2014-2020 (Grant No. 14.604.21.0101, ID RFMEFI60414X0101).

<] Correspondence should be addressed: Maxim Filipenko
Prospekt Ak. Lavrientieva, d. 8, Novosibirsk, Russia, 630090; max@niboch.nsc.ru

Received: 25.08.2017 Accepted: 30.08.2017

OUEHKA 3HAHUMOCTU ONPEQENIEHNA KOJTMYECTBA MIR-146A
B MNA3SME KPOBU YENOBEKA OJ1A ANATHOCTUKU
KOJNNOPEKTAJIbHOIO PAKA
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TVIHCTUTYT XUMUHECKON Bronorim 1 dyHaameHTansHo meanumHsl CO PAH, HoBocrbupcek
2lopoackas 6onbHMUa Ne 40, CaHkT-MNeTepbypr

3Topopackas knuHndeckas 6onbHMLa Ne 1, HoBocrbupek

“HoBocnbmnpckunii rocyaapCTBEHHbI MEAULIMHCKMIA YHUBEpCUTET, HoBOCHMOMPCK

5 HoBOCHOUPCKIMIA rocydapCTBEHHbIN YHUBEpPCUTET, HoBOCKMBMPCK

KonopekTtanbHbih pak (KPP) — oanH 13 Hambonee pacnpoCTpaHEHHbIX BUOOB paka B MUpe. OMMEKTNBHbIE METOAbI CKPW-
HUHra AN CBOEBPEMEHHOIO BbiBneHnsa KPP 1 ageHoMaTo3HbIX MOANMOB MOMYT 3HAYUTENBHO CHU3WUTb CMEPTHOCTb OT STOMO
3aboneBaHns. MnMkpoPHK — HOBbI KNacc noTeHumasibHbIX BMOMapKePOB AN LWMPOKOro Kpyra 3aboneBaHni HenoBeka,
BKJ/tOHaA OHKOMaToMorMn. B cTaTbe OLEHMBaETCHA AMarHOCTUYECKas 3HaYMMOCTb KOHLEHTpaummM MUKPoPHK miR-146a B
nna3me Kposu Yenoseka ¢ KPP. B onbiTHyto rpynny BKIKOHYMAM MaLMEHTOB C KOOPeKTanbHbIM pakom ctaguia Il (n = 102),
a B KOHTPOJbHYHO — MaLMEHTOB C XPOHNYECKNM KOIUTOM, HECNELMMDUHECKUM A3BEHHBIM KOTMTOM 1 601e3HbI0 KpoHa (n = 58)
1 YCNOBHO 300p0BbIX Ntofer (N = 42). Konnyectso MukpoPHK onpegensanu npy nomowym MLUP ¢ obpatHom TpaHcKpunumen
(OT-MNUP) ¢ petekumen pe3ynstatoB B «peanibHOM BpeMeHW». Bbiio Moka3aHo, YTo KOHUeHTpaumsa miR-146a ctatuctnyeckn
3Ha4MMO BblLLIE B 06pasLiax nnasmMbl KPoBK naumeHToB ¢ KPP B cpaBHEHWM C NaLmeHTaMm KOHTPOMbHOM rpynnbl (p < 0,0001).
OnTManbHOE 3HaYeHMe OMarHOCTUHECKOW YyBCTBUTENBHOCTW, OnpeaeneHHoe ¢ nomollbto ROC-aHann3a, cocTaBuio
47,3 %, cneundmyHocTn — 91,5 %, AUC = 0,79 + 0,018. Viccneayembln nogxon obnagaet HedOCTaTO4HO BbICOKOW CrieLm-
(DUYHOCTBIO, HO MOKasaHo, YTo MIiR-146a B OyayLLEM MOXET ObITb BKIKOHYEHA B COCTaB ANarHOCTUHECKX MPOGUIEN Ha OCHOBE
HECKObKMX MUKPOPHK € ynyyLLeHHOM cneLmguyHOCTbIO.
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Colorectal cancer is one of the most prevalent cancer types
and the most common intestinal malignancy. Survival rates in
timely diagnosed patients with stage | who receive adequate
treatment are as high as 90 % vs. 6 % in individuals with stage
IV disease. Therefore, early diagnosis is crucial for patient’s
survival. Today, one of the most promising areas of research
is discovery of novel noninvasive molecular biomarkers that
may be present in blood, feces and other human biological
materials.

In 2008 Tewari et al. noticed that some microRNAs
circulating in human blood plasma have a remarkably stable
form protecting them from endogenous RNase [1]. This
discovery inspired further studies of the diagnostic potential
of extracellular microRNA. This nucleic acid has been found in
blood plasma, saliva, urine, bile, breast milk and other human
biological fluids. A wealth of information has been accumulated
about specific changes in its expression in pathology, including
cancer, cardio-vascular and inflammatory diseases, aging, etc.
[2-5].

Both specific and nonspecific changes in microRNA
expression profiles are observed in tumors of various origins.
For example, most tumors are associated with increased
miR-21 and reduced let-7 expression. There are also specific
changes associated with the histological type of a tumor, gene
expression in tumor cells or TNM stage.

A number of research works describe the role of tissue-
specific (MiR-21, miR-9, miR-155, miR-17, miR-19, let-7
and miR-24) and circulating (miR-181b, miR-21, miR-183,
let-7g, miR-17 and miR-126) microRNAs in the development
and progression of colorectal cancer [6]. The first study on
microRNA expression in colorectal cancer conducted in 2003
revealed that tumor-suppressing miR-143 and miR-145 are
expressed at reduced levels in adenomatosis and malignancies
[7]. So far, a few dozens of microRNA have been described
whose expression changes in CRC [8].

MicroRNA was shown to be a feasible nononvasive tool for
colorectal cancer diagnosis in 2008-2009 [9, 10]. Studies in
this field are still very relevant [11, 12].

Previously we analyzed the data collected under the SysCol
project (Systems Biology of Colorectal cancer) [13] on microRNA

Table 1. The group of patients with colorectal cancer (n = 102)
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profiles obtained by next generation sequencing (NGS). Our
analysis demonstrated that miR-146a (ENSG00000253522)
had a significantly higher expression in colorectal
adenocarcinoma tissue than in control samples (logFC =
1.742, adjusted p = 5.57E7°). The aim of the present work is
to assess significance of miR-146a levels circulating in human
blood plasma for the diagnosis of colorectal cancer.

METHODS

The study was carried out in patients of City Clinical Hospital
No. 1 (Novosibirsk), the Center of New Medical Technologies
(Novosibirsk) and City Hospital No. 40 (St. Petersburg)
who presented with different conditions of the large bowel.
The main group consisted of 102 patients with stages I-lll
adenocarcinoma of the colon; the control group included 58
patients with inflammatory diseases of the bowel (chronic
colitis, nonspecific ulcerative colitis and Crohn’s disease)
and 42 healthy individuals. The patients with inflammatory
conditions were included into the control group because tumor
progression is always accompanied by inflammation in the
adjacent tissues. Detailed information about both groups is
provided in Tables 1 and 2. The study was approved by the
Ethics Committees of the Center of New Medical Technologies
(Novosibirsk, Protocol No. 18 dated October 24, 2014). All
patients gave their informed consent.

Samples of peripheral blood (10 ml) were collected into
EDTA-containing Vacutainer tubes, then mixed thoroughly
but gently and centrifuged for 10 min at 1,600 g and room
temperature. The obtained plasma (4-5 ml) was carefully
collected without disturbing the pellet and transferred into
15 ml conical-bottom tubes. The samples were centrifuged
again, plasma was transferred to new 1.5 ml tubes, frozen
and stored at -80 °C. The samples were pooled for further
experiments (10 samples of 50 pl per group).

MicroRNA was isolated from frozen blood plasma. Prior to
extraction, synthetic microRNA cel-238 (the internal control)
was added to each sample in the amount of 5 x 107 copies per
sample. Internal controls help to assess the quality of extraction

Disease stage Sex Age. years Number of patients
M 54.3+16.4 13
111
F 62.1+11.2 8
M 59.3 + 14.2 49
1l
F 58.9 + 14.0 32
Table 2. The control group (no malignancies detected, n = 100)
Disease Sex Age, years Number of patients
M 36.5+19.3 10
Chronic colitis
F 38.4+£10.8 16
M 26.5+8.3 4
Nonspecific ulcerative colitis
F 422 +11.7 20
M 31.5+6.3
Crohn’s disease
F 28.4+48 4
M 46.5+17.1 15
No bowel pathologies detected
F 49.4 +19.2 27
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and polymerase chain reaction (PCR), e. g. to ensure that there
are no amplification inhibitors in the samples. The number
of cel-238 copies was taken as a normalizing coefficient to
calculate the number of the analyzed microRNA copies in the
sample.

To quantify microRNA, we performed poly(A) tailing
by poly(A) polymerase and real-time reverse-transcription
PCR (RT-PCR). Primers for reverse transcription had 5 or 6
nucleotides at their 3’-ends complementary to the 3’-end of
microRNA, a sequence of 11 thymines and binding sites for
the fluorescently labeled hydrolyzable probe and the universal
reverse primer (Table 3).

cDNA molecules yielded by reverse transcription and diluted
5-fold to avoid inhibition were amplified by real-time PCR using
specific forward and universal reverse primers and a universal
probe. PCR was performed in the CFX96 thermocycler
equipped with an optical unit for fluorescence detection (Bio-
Rad, USA). The protocol was as follows: initial denaturation for
15 min at 96 °C; amplification (x40): denaturation for 10 sec
at 96 °C, primer annealing for 20 sec at 56 °C, elongation for
10 sec at 72 °C, signal recording for 10 sec. The reaction
mixture (20 pl) contained 65 mM Tris-HCI (pH 8.9), 3 mM MgCl,,
16 mM (NH,),SO,, 0.2 mM dNTP, 300 nM of primers and 100
nM of the hydrolyzable fluorescently labeled probe, 0.5 un. of
hot-start Tag-polymerase (Biosan, Institute of Chemical Biology
and Fundamental Medicine SB RAS), and 2 pl of cDNA.

MicroRNA quantity was calculated from a calibration curve
and expressed in arbitrary units. The curve was constructed
based on a series of four 4-fold dilutions of test cDNA, which in
our case was a 5-fold concentration of cDNA obtained from 5
random samples (the lowest concentration was taken as 1 arb.
unit). The coefficient of correlation between the expected and
empirical values was at least 0.99. PCR efficiency calculated
from the slope of the curve was 82 % for miR-146a and 93 %
for cel-238. The measured values were within the linear section
of the curve. To assess reproducibility of Ct values, cDNA
samples were amplified with each pair of primers in duplicate.
In general, we avoided taking measurements at Ct > 37.

Distribution of normalized microRNA concentrations was
tested using the Anderson-Darling Normality Test. Significance
of differences between the groups was estimated by the

nonparametric Mann-Whitney U-test. ROC-analysis was done
in the Web-based Calculator for ROC Curves [14].

RESULTS

In the course of our study, we extracted microRNA, synthesized
cDNA and measured miR-146a and cel-238 concentrations in
the individual and pooled samples of patients’ blood plasma.
The main group will be further referred to as T, the controls —
as C.

The median of normalized miR-146a concentrations in the
pooled samples was 9.7 arb. un. in group T vs. 4.65 in group
C (Table 4, Fig. 1) and 7.6 vs. 2.5, respectively, in individual
samples (Table 4, Fig. 2). Levels of mir-146a were reliably
higher in both pooled and individual samples obtained from the
main group, in comparison with the controls.

The diagnostic potential of the method was assessed by
ROC analysis. The following values were obtained: AUC =
0.79, SD = 0.018, sensitivity of 47.3 %, specificity of 91.5 %
at threshold sensitivity for miR-146a 4 set to 4 arb. un. (Fig. 3).

Comparison of healthy individuals (n = 42) and patients
with granulomatous and ulcerative colites (n = 58) revealed that
patients with inflammatory bowel disorders had elevated levels
of miR-146a in their blood plasma (an average of 3.1 + 1.61
vs. 2.33 = 0.67, respectively); however, the differences were
less marked and less significant (Mann-Whitney U, p = 0.01).

DISCUSSION

At the moment circulating microRNA are in the focus of the
search for new methods for cancer diagnosis [15]. The
potential of miR-146a as a biomarker of colorectal cancer
has been investigated only once, with no satisfactory results
[16]. However, there are reasons to believe that this microRNA
should be regarded as a potential biomarker of CRC. A
number of authors have shown that miR-146ais involved in the
suppression of inflammation by inhibiting NF-kB signaling [17],
at least via downregulating the expression of TRAF6 and IRAK1
[18]. Increased concentrations of miR-146a in blood plasma

Table 3. Nucleotide sequences of oligonucleotide primers and hydrolizable fluorescently labeled probes used in the study

MicroRNA Oligonucleotide Sequence
U 5’- ggctgagaactgaattccat-3’
R 5’-gagcagggtccgaggt-3’
miR-146a gagcagggiccgagg
Probe 5’-HEX-accaccgcaccacgcc-BHQ-3’
RT 5’-gagcagggtccgaggtaaccaccgcaccacgcctttttttttttaaccca -3’
U 5’ -tttgtactccgatgcc-3’
R 5’-gagcagggtccgaggt-3’
cel-238 gagcagggiccgagg
Probe 5’-FAM-tcgcacgaccacccgc-BHQ-3’
RT 5’-gagcagggtccgaggtatcgcacgaccacccgcttttttttttttctgaa-3’

Table 4. Analysis of miR-146a levels circulating in the blood plasma of patients with colorectal cancer (T) and controls (C)

Parameter T (pool) C (pool) T C
Sample size 10 10 102 100
Mean value 10.28 4.8 7.40 2.58
Standard deviation 3.98 2.23 3.04 0.97
Median 9.7 4.65 7.6 25
P-value (Mann—Whitney) 0.0019 < 0.0001
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Fig. 1. Distribution of normalized miR-146a concentrations expressed in arbitrary
units in 10 plasma pools obtained from patients with colorectal cancer (T) and
controls (C)

are observed in a number of inflammatory conditions, such as
sepsis [19]. This may be a result of hyperstimulation of molecular
mechanisms that curb inflammation. However, we still do not
know for sure which cell types or molecular mechanisms are
implicated in the elevated miR-146a levels in the circulation in
some cancers, including colorectal cancer. Association studies
have shown that the polymorphism rs2970764 in the miR-146a
gene is associated with the risk of malignancies of the digestive
tract [19, 20], which also underpins our choice.

In our study we have shown a statistically significant
association (p < 0.0001) between miR-146a concentrations
and large bowel cancer. Moreover, we have discovered that
this association is also statistically significant, though not that
strong, for pooled samples. Sample pooling is often used in
initial screening in order to increase performance and reduce
costs [21, 22], but few studies have validated such an approach
so far. In our study we have demonstrated the feasibility of
sample pooling for initial screening.

In spite of statistically significant increase in the levels
of miR-146a in the blood plasma of patients with colorectal
cancer in comparison with patients who did not have this
disease, ROC-analysis yielded a relatively moderate AUC
of 0.79 + 0.018 and unsatisfactory diagnostic sensitivity of
47.3 %. Moreover, miR-146a concentrations were elevated
in patients with inflammatory conditions of the bowel, which
is unsurprising, considering the important role of miR-146a in
the regulation of inflammation. Previously elevated miR-146
concentrations in blood plasma were observed in patients with
autoimmune thyroiditis [24], sepsis [19] and other inflammatory
conditions.

CONCLUSIONS

Based on our findings, we conclude that diagnostic
quantification of miR-146a in blood plasma has low specificity in
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