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Introduction: Colorectal cancer (CRC) is one of the most common illnesses that seriously
threatens human health; many papers have reported that microRNAs (miRNAs) are promis-
ing biomarkers for cancer detection. However, miRNAs have not been used in clinical
practice even though they are superior to the currently used screening tools, such as the
fecal occult blood test (FOBT) and carcinoembryonic antigen (CEA) measurement.
Methods: In this study, we focused on the usefulness of a panel of miRNAs and the
combination of miRNAs with the FOBT and CEA measurement, the currently used general
diagnosis methods, to improve the accuracy of CRC diagnosis.

Results: The results showed that the miRNA panel has great potential value as a diagnostic
biomarker with high specificity and sensitivity, and further analysis demonstrated that the
miRNA panel had higher sensitivity and specificity than the FOBT and CEA measurement,
even when these methods were combined. More importantly, although the miRNA panel is
superior to the FOBT and CEA measurement, it cannot replace them.

Conclusions: In this research, we investigated whether complementarity exists between the
miRNA panel and the FOBT and CEA measurement for CRC diagnosis. Interestingly, the
results indicated that the FOBT and CEA measurement could improve the positivity rate of
the miRNA panel as a biomarker and vice versa.
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Introduction

Colorectal cancer (CRC) is one of the most common causes of cancer-related death
worldwide.! Although researches about CRC have never stopped, CRC remains one
of the most serious health problems, with an estimated incidence of 1.2 million new
cases and more than 600,000 deaths estimated worldwide annually.” CRC survival
is largely dependent on the stage at which the disease is diagnosed;* earlier
detection can help reduce the significant global mortality rates associated with
this malignancy.”® Currently, several CRC screening tests, such as the guaiac-
based fecal occult blood test (FOBT), carcinoembryonic antigen (CEA) measure-
ment, the fecal immunochemical occult blood test (FIT), and colonoscopy, have
been available for years and have resulted in somewhat decreased CRC mortality.”®
However, large-scale screening studies have revealed the limitations of these tests
due to their inherent low accuracy or high cost. FOBTs and CEA measurements are
noninvasive and inexpensive to administer but suffer from low screening sensitivity
and specificity.” FITs are similar to FOBTSs regarding cost, but the instability of the
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antibodies used in FITs may cause complications during
transport or storage.10 Although colonoscopy is highly
reliable for CRC screening, its invasive and costly nature,
in addition to the small but significant risk of perforation,
has hindered its widespread utilization as an effective and
compliant screening method."' Considering these unfavor-
able factors, other novel and highly specific biomarkers
are clearly needed to improve the accuracy of CRC detec-
tion. Here, we focused on the clinical usefulness of apply-
ing new signatures in the diagnosis of current patients
with CRC.

Many studies have investigated and reported the poten-
tial of using miRNAs as novel biomarkers for CRC
screening. miRNAs are a class of small single-stranded
noncoding RNA molecules (19-22 nucleotides) that nega-
tively regulate gene expression by translation suppression
or mRNA degradation.'” Accumulating data have shown
that miRNAs play an important role in the process of
disease development. Importantly, they function as tumor
suppressors or oncogenes'> and seem to be good candi-
dates as biomarkers for cancer detection, including CRC.
Among various previous studies, miR-143 and miR-145
were reported to be downregulated in colorectal tissues
and precancerous lesions,'* functioning as tumor suppres-
sors by inhibiting the growth of CRC cell lines.">'” As an
oncogenic miRNA, miR-21 is more frequently overex-
pressed in cancer tissues than in adjacent normal
tissues'® and participates in the multistep process of color-
ectal tumorigenesis by targeting PDCD, PTEN, and DKK2
in the MAPK pathway and WNT/B-catenin signaling.'®*°
Other evidence has even described the functional role of
miRNAs in carcinogenesis. The miR-17-92a cluster has
frequently demonstrated amplification in various types of
malignant cancers.”'*> The increased expression of
miR-17-92a involved in the progression of tumorigenesis
in CRC is associated with the gain of the miR-17-92a
locus and increased C-MYC transcriptional activity.”'
The miR-17-92a cluster can also activate the WNT signal-
ing pathway by suppressing APC or E2F1.2%* As men-
tioned above, although emerging evidence has suggested
that miRNAs likely play an important functional role in
carcinogenesis and have considerable potential to act as
CRC screening biomarkers, several key issues should be
addressed collectively and collaboratively before any of
these biomarkers can be translated into clinical tools.
Previous articles have focused on certain miRNAs, few
researchers have emphasized the relationship between
miRNAs and other currently used screening tools, and

some inconsistent miRNA expression profile results have
been reported among different studies. In this study, rather
than using a single miRNA, we focused on a panel of
miRNAs, and the miRNAs were combined with different
types of biomarkers or other available tests, including
CEA measurement and the FOBT with the aim of enhan-
cing the sensitivity and specificity of these clinical
approaches in the future.

Materials and Methods

Patient and Tissue Samples

One hundred tissue specimens, 50 cancer tissues, and 50
matched adjacent normal mucosal samples (at least 5 cm
from the negative surgical margin) were selected from 50
CRC patients who had undergone gastrointestinal resection
at the Third Affiliated Hospital of Guangzhou Medical
University from October 2014 to October 2018. All the
tissues were immediately snap frozen in liquid nitrogen
after resection, followed by storage at —80°C until the nucleic
acids were extracted and until tissue diagnosis was per-
formed by two experienced pathologists according to the
TNM staging system. All the patients were diagnosed with
no other primary cancer, and those who had received che-
motherapy or radiotherapy before surgery were excluded.
Written informed consent was obtained from all the partici-
pants, and the study was approved by the institutional Ethical
Board of the Third Affiliated Hospital of Guangzhou
Medical University. All experiments were performed in
accordance with relevant guidelines and regulations.

RNA Isolation

Briefly, approximately 100 mg of frozen tissue was homo-
genized with 1 mL of RNAzol reagent (Molecular Research
Center, USA) to isolate miRNA. Next, 0.4 mL of RNase-
free water was added and vortexed for 30 s for complete
homogenization and was then centrifuged at 12,000 g for
15 min to precipitate the DNA/protein after 5-10 min. One
milliliter of the supernatant was selected and mixed with
0.4 mL of 75% ethanol for 10 min and centrifuged at
12,000 g for 8 min to precipitate the microRNAs
(miRNAs). The miRNA supernatant was mixed with iso-
propanol (0.8 volumes) for 30 min and then centrifuged at
12,000 g for 15 min, washed twice with 0.4 mL of 70%
isopropanol, and centrifuged at 8000 g for 3 min. Finally,
diethylpyrocarbonate-treated water was used to dissolve the
miRNAs. The concentration and purity of the miRNAs
were measured using electrophoresis and a NanoDrop
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spectrophotometer (Thermo Scientific, USA). The quality
of the miRNAs was considered acceptable if the OD260/
OD280 was between 1.7 and 2.0. The integrity of the
miRNAs was evaluated by the determination of robust
amplification of small nuclear ubiquitous RNAs (e,
RNU6b, RNU44, and RNU48) by real-time reverse tran-
scription PCR (qRT-PCR) because they are commonly used
as endogenous controls in miRNA studies.

miRNA Profiling

The Universal RT microRNA PCR system (GeneCopoeia,
USA) was used to profile the miRNAs of the two pooled tissue
samples (ie, 50 tumors and 50 matched normal controls). The
profiling assay consisted of universal reverse transcription
(RT) and sequential qRT-PCR amplification with special pri-
mers using SYBR Green (GeneCopoeia, USA).

Pcr

PCR was performed in a 384-well PCR plate, and each
well contained 20 pL of the reaction system, including 1
pL of cDNA and 1 pL of gene-specific PCR primers. All
reactions were performed in triplicate, and the fold
changes in the expression of each type of miRNA were
determined.

Quantification of miRNAs by qRT-PCR

RT for the miRNA microarray was carried out using the
All-in-One First-Strand cDNA Synthesis kit (GeneCopoeia,
USA). The experimental steps were described briefly in our
previous studies.”>® The cDNA product of the RT reaction
was diluted ten-fold and subsequently used as the template
for PCR in an Applied Biosystems ViiA 7 Real-Time PCR
System (Life Technologies, USA). In this study, as an
external reference, MS2 RNA was used to evaluate the
quality of the extracted miRNAs, and a combination of
RNU6b, RNU44, and RNU48 was utilized as an internal
reference for the normalization of miRNA concentrations.
With a total volume of 20 uL, the PCR mix contained the
following: 1 pL of template, 2 uL. of PCR forward primer
(2 M), 2 puL of PCR reverse primer (2 M), 10 pL of 2x
All-in-one qPCR Mix, 4.8 uL of ddH20, and 0.2 uL of 50x
ROX Reference Dye (for calibration). A master mix that
included all the components except for the template was
often prepared first. If the total volume of the master mix
changed, each component was added in the proper propor-
tion. The conditions of real-time PCR were described
previously.”>2® To ensure the PCR quality, a preliminary
experiment was performed to ensure that the difference in

the cycle threshold (CT) value of the MS2 RNA between
the two samples was less than 1.0. The expression levels
of the miRNAs were quantified using the SYBR Green-
based All-in-One qPCR Mix (GeneCopoeia, USA).

Statistical Analyses

SPSS 16.0 (SPSS, UK) and Graph Pad Prism 5.0 (San
Diego, CA, USA) statistical software were used for the
data analyses. The relative expression of miRNAs was
determined by the 2-AACT method,?” unpaired Student’s
t-test, and receiver operating characteristic (ROC) curves.
The area under the ROC curve (AUC) was used to eval-
uate the sensitivity and specificity of the miRNAs from the
tissue specimens as a diagnostic marker for the detection
of colorectal adenocarcinoma. Combination analysis was
calculated by binary logistic regression. In the two-tailed
test, a P-value less than 0.05 was considered statistically
significant.

Results
miRNAs are Differentially Expressed in
CRC Tissues Compared with Adjacent

Paired Normal Tissues

Compared with the adjacent normal samples, in the cancer
tissues, 7 of the 20 selected miRNAs were significantly
dysregulated (P<0.05): 6 were downregulated (including
miR-145, miR-23b, miR-204, miR-195, miR-23a, and
miR-497), and only one showed upregulation (miR-429,
upregulated more than 3.5-fold). The fold changes in all
the dysregulated miRNAs were greater than 2-fold, upre-
gulated or downregulated. Furthermore, miR-145 demon-
strated the greatest change at more than 16-fold (Table 1,
Figure 1).

miRNAs That Can Be Used as
Biomarkers for the Diagnosis of

Colorectal Adenocarcinoma
miR-145, miR-23b, miR-204, miR-195, miR-23a,
miR-497, and miR-429 were significantly dysregulated.
These findings prompted us to further evaluate their
potential as CRC biomarkers by analyzing their sensitiv-
ity and specificity in distinguishing CRC patients from
healthy people by ROC analysis (Table 2, Figure 1). The
results indicated that miR-145, miR-23b, and miR-195
are likely to be good biomarkers of CRC, with AUCs
than 0.70. For miR-145, the

greater sensitivity,
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Table 1 Expression Levels of 20 miRNAs in Cancer Samples Compared with Those in Normal Controls by Paired t-Test. Compared
with the Adjacent Normal Samples, in the Cancer Tissues, 7 of the 20 Selected miRNAs Were Significantly Dysregulated (P<0.05), and
Were Likely to Be Good Candidates as Diagnostic Biomarkers. The Fold Changes in All the Dysregulated miRNAs Were Greater
Than 2-Fold, Upregulated or Downregulated. Furthermore, miR-145 Demonstrated the Greatest Change at More Than |6-Fold

miRNA AACt 2A-AACt Fold Change P-value miRNA AACt 2A-AACt Fold Change P-value
miR-145 4.010 0.062 A <0.001 miR-15a 0.117 0.922 —1.085 0.763
miR-23b 2.245 0.211 —4.740 <0.001 miR-489 —0.089 1.064 1.064 0.878
miR-204 1.598 0.330 -3.027 0.000 miR-425 —0.178 1.131 1.131 0.700
miR-195 1.398 0.379 —2.635 0.002 miR-216a —0.248 1.188 1.188 0.702
miR-23a 1.352 0.392 —2.553 0.002 miR-200b —0.306 1.236 1.236 0.523
miR-497 1.133 0.456 -2.193 0.018 miR-424 —0.360 1.284 1.284 0.351
miR-23c 0.838 0.559 —1.788 0.128 miR-200c —0.400 1.320 1.320 0.320
miR-15b 0.655 0.635 —1.574 0.136 miR-503 —0.527 1.441 1.441 0.127
miR-16 0.373 0.772 —1.295 0.352 miR-211 —0.531 |.445 1.445 0.544
miR-216b 0.246 0.843 —1.186 0.652 miR-429 —1.825 3.543 3.543 <0.001

specificity, and AUC values were 90%, 88%, and 0.924, miR-195, the values were 72%, 74%, and 0.715, respec-
respectively (P<0.001). For miR-23b, the values were tively (P<0.001). Regarding the other miRNAs, either the
78%, 70%, and 0.806, respectively (P<0.001). For sensitivity and specificity values were less than 70% or
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Figure | Comparison of the miRNA expression levels in cancerous and normal tissues. The results showed that miR-145, miR-23b, miR-204, miR-195, miR-23a, miR-497,
miR-429, and the miRNA panel were significantly dysregulated (P<0.05)(A-H); ROC analysis demonstrated that miR-145, miR-23b, miR-195, and the miRNA panel could
detect, with a high AUC value, patients with CRC. Regarding miR-204, miR-23a, miR-497, and miR-429, although they caused significant dysregulation, their sensitivity,
specificity, and AUC values were unsatisfactory (I-K).
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Table 2 Evaluation of the Potential of miRNAs and the miRNA Panel to Act as CRC Biomarkers Using ROC Analysis. The Results
Showed That miR-145, miR-23b, and miR-195 are Suitable as Biomarkers, with AUC Values Greater Than 0.7. The miRNA Panel
Could Improve the Sensitivity, Specificity, and AUC Value, Producing the Highest AUC Value

miRNA Sensitivity% Specificity% AUC 95% CI P-value
miR-145 90 88 0.924 0.862 to 0.985 <0.001
miR-23b 78 70 0.806 0.719 to 0.893 <0.001
miR-204 66 70 0.696 0.592 to 0.799 <0.001
miR-195 72 74 0.715 0.610 to 0.816 <0.001
miR-23a 60 60 0.669 0.564 to 0.774 0.004
miR-497 60 64 0.659 0.551 to 0.766 0.006
miR-429 68 66 0.670 0.565 to 0.774 <0.001
miRNA panel 100 84 0.936 0.879 to 0.993 <0.001

the AUC values were less than or equal to 0.7, indicating
that none of these miRNAs (miR-204, miR-23a, miR-
497, and miR-429) were good biomarkers of CRC.
Furthermore, we determined whether the diagnostic capa-
city could be increased when miR-145, miR-23b, and
miR-195 were combined to serve as a panel of miRNA
biomarkers. The binary logistic regression and ROC
results demonstrated that the panel of miRNA biomarkers
could distinguish CRC from normal adjacent samples
with remarkable diagnostic accuracy—the sensitivity,
specificity, and AUC values were 100%, 84%, and
0.936, respectively (P<0.001) (Figure 1, Table 2). The
95% confidence interval for the binary logistic regression
analysis of the miRNA panel was 0.1330 to 0.2333; using

the cutoff value of 0.2333 allowed correct prediction of

46 of 50 (92%) tumor samples (Figure 2), suggesting that
the miRNA panel is an accurate biomarker for CRC

Combination of the miRNA Panel with
the FOBT to Diagnose Patients with

Cancer

All the patients in this study underwent the FOBT before
surgery, which is one of the general clinical examinations,
especially for patients with suspected CRC. In this
research, a sample with a positive FOBT was marked as
2, and a sample with a negative FOBT was marked as 1.
Based on the test results, of the 50 CRC patients, 26
(52%) would have been identified as positive and 24
would have been misdiagnosed when the FOBT was
used to detect CRC (Table 3). Furthermore, we over-
lapped the diagnostic results of the miRNA panel and
those of the FOBT, and the results showed that 25 CRC
patients would have been diagnosed using both the
miRNA panel and FOBT; only one patient would have
been diagnosed by the FOBT alone and not by the miRNA

diagnosis. panel. However, 24 patients whose diagnosis was missed
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Figure 2 Combination of the miRNA panel, FOBT, and CEA measurement to detect CRC. The results demonstrated that the miRNA panel could clearly increase the positivity
rate and significantly decrease the missed diagnosis rate; however, at a certain level, the FOBT and CEA measurement could also complement the miRNA panel (A-C).
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Table 3 Results of the FOBT and CEA Measurement. In This Study, a Sample with a Positive FOBT Was Marked as 2, and a Sample
with a Negative FOBT Was Marked as |. miRNA Panel (N) Represents the Results of Binary Logistic Regression of the Expression
Level of the miRNA Panel in Normal Samples, and miRNA Panel (C) Represents the Results of Binary Logistic Regression of the
Expression Level of the miRNA Panel in Cancer Samples; the 95% Confidence Interval for the Mean of the miRNA Panel (N) Was
[0.1300, 0.2333], and a Value of miRNA(C) Greater Than 0.2333 Was ldentified as Positive

samples | miRNA Panel | miRNA Panel | CEA FOBT | Samples | miRNA Panel | miRNA Panel | CEA FOBT
(N) © (ng/mL) (N) (© (ng/mL)
| 0.0471 0.6173 5.95 | 26 0.0131 0.9988 4.44 2
2 0.1289 0.8114 1.08 2 27 0.2600 0.9990 55.41 |
3 0.1316 0.7553 5.27 2 28 0.0006 0.0050 2.09 2
4 0.4090 0.9964 39.04 2 29 0.6177 0.9779 0.87 |
5 0.0207 0.9721 1.25 2 30 0.1739 0.5868 8.44 |
6 0.2623 0.9616 3.62 2 31 0.3562 0.8931 4.6 2
7 0.1366 0.9976 5.21 | 32 0.1049 0.9203 3.68 |
8 0.0160 0.9850 1.41 2 33 0.0644 0.6935 5.95 |
9 0.1234 0.9265 0.5 | 34 0.2227 0.8954 1.08 2
10 0.0696 0.9638 1.0l | 35 0.0784 0.6314 5.27 2
I 0.0724 0.9749 14.39 | 36 0.4291 0.9967 39.04 2
12 0.0544 0.6841 13.95 2 37 0.0216 0.9739 1.25 2
13 0.5453 0.1273 0.99 | 38 0.2173 0.9626 3.62 2
14 0.0827 0.9304 249 | 39 0.0756 0.9954 5.21 |
15 0.1795 0.9931 1.66 2 40 0.0136 0.9822 1.41 2
16 0.0775 0.9594 29.16 [ 41 0.1156 0.9192 0.5 |
17 0.0048 0.8735 3.12 2 42 0.0874 0.9708 1.01 |
18 0.6054 0.9964 2.14 2 43 0.0775 0.9726 14.39 |
19 0.4574 0.9838 5.35 2 44 0.0931 0.7973 13.95 2
20 0.4254 0.7306 11.04 | 45 0.3633 0.0683 0.99 |
21 0.5459 0.9974 2.5 2 46 0.0563 0.9034 249 |
22 0.0279 0.3989 1.05 | 47 0.2974 0.9964 1.66 2
23 0.0098 0.0422 1.79 | 48 0.0569 0.9366 29.16 |
24 0.0288 0.8462 5.68 | 49 0.0052 0.8846 3.12 2
25 0.2732 0.4348 1.31 2 50 0.5450 0.9964 2.14 2

by the FOBT would have been diagnosed by the miRNA
panel (Figure 2).

Combination of the miRNA Panel and
CEA Measurement to Diagnose Patients

with Cancer

Similar to the FOBT, CEA measurement is also a routine
measurement performed in CRC patients presurgery and is
used to distinguish between cancer patients and normal
individuals. A hint of cancer was detected when the CEA
measurement was greater than 5.00 ng/mL. According to
the results of CEA measurement, 17 (34%) patients could
be distinguished from normal samples, and 33 (66%)
patients would likely have been misdiagnosed as normal
or with other diseases. Similar to the FOBT, an overlap of
the miRNA panel and CEA measurement was observed,
where all 17 patients with a positive CEA result could be

diagnosed using the miRNA panel. Furthermore, 29 (58%)
patients could have been diagnosed using the miRNA
panel but not by CEA measurement (Figure 2).

Combination of the miRNA Panel, FOBT,
and CEA Measurement to Diagnose

Patients with Cancer

The FOBT and CEA measurement are routine clinical
examinations that have been available for years,”® result-
ing in a minor decrease in mortality.>***° In this study, 37
patients could be diagnosed when the FOBT and CEA
measurement were combined, and the diagnostic rate was
increased to 74% (37/50) compared with the FOBT or
CEA measurement alone. miRNAs have been reported to
act as useful biomarkers with high sensitivity and specifi-
city for CRC detection. Interestingly, we further investi-
gated whether the diagnostic rate could be increased when
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the FOBT, CEA measurement, and miRNA panel were
used together to screen CRC patients. As we had pre-
dicted, the diagnostic level was improved substantially
from 74% (37/50) to 94% (47/50). Importantly, the diag-
nostic capability of the miRNA panel as a single screening
tool was greater than that of the FOBT or CEA measure-
ment, and the values for the miRNA panel, FOBT, and
CEA measurement were 92% (46/50), 52% (26/50), and
34% (17/50), respectively. Additionally, the diagnostic rate
of the miRNA panel was greater than the combined diag-
nostic rate of the FOBT and CEA measurement at 74%
(37/50) (Figure 2).

Discussion

CRC is one of the most prevalent cancers with high mor-
tality and morbidity and has attracted considerable attention.
Various techniques are available to screen for CRC. Despite
some progress, the current screening tools for CRC, includ-
ing the FOBT and CEA measurement, remain limited and
exhibit low sensitivity and specificity. The FOBT and CEA
measurement represent the most commonly used methods
for CRC detection and are also the predominant options in
most population-based screening programs worldwide.
Because of their noninvasive nature and relatively low
cost, they are the most accepted techniques by doctors and
patients. Due to unsatisfactory sensitivity and specificity,
however, many CRC patients are screened for the presence
of signs or symptoms, which typically appear in advanced
phases or even as missed diagnoses.

In this study, each patient underwent the FOBT and CEA
measurement before surgery. As expected, the FOBT test
could screen only 26 of 50 CRC patients (26/50), with
a probability of 52%. Regarding CEA measurement, the
results were more disappointing; the positive rate of detect-
ing CRC was only 34% (17/50). Even when the FOBT and
CEA measurement were used together to distinguish CRC,
no obvious improvement in the positive rate was found. This
result is consistent with those of previous studies that
reported a high false-negative rate when the FOBT and
CEA measurement were used as CRC diagnostic biomarkers.
Colonoscopy is considered the gold standard of excellence
for the diagnosis of CRC, with high sensitivity and
specificity” '~ and is effective in reducing CRC-related mor-
tality. Although it plays a key role in CRC detection by
providing a visual diagnosis, colonoscopy has some inevita-
ble disadvantages, such as perforation or bleeding.
Furthermore, lesion miss rates still exist for large polyps
and cancers.>>** A good colonic cleansing preparation is

required before the procedure, and experienced endoscopists
with an extensive history of examinations are needed.*
Other disadvantages of colonoscopy include its cost and
unsatisfactory acceptance caused by fear of anesthesia and
shame related to the exposure of private parts. In these cases,
the search for better biomarkers is of paramount importance.

MiRNAs have been shown to directly impact tumor
growth, tumor cell proliferation, and tumor invasion®® and
have been demonstrated to be potential biomarkers of
CRC. Many dysregulated miRNAs have been identified
in CRC specimens. Several miRNAs with potential biolo-
gical and clinical relevance have been identified and are
under investigation as diagnostic, prognostic, and predic-
tive biomarkers.>”*® In recent years, the medical commu-
nity has investigated the potential of using miRNA as
a novel biomarker for CRC detection. Because miRNAs
have been identified to play an important role in the
aberrant gene expression of cancer cells and appear to be
cell-type and disease specific,’> they seem to be good
candidates as diagnostic biomarkers.

We previously investigated the expression profile of
1549 miRNAs in CRC by qRT-PCR and identified more
than 100 miRNAs that were significantly dysregulated
(upregulated or downregulated).’®** Numerous reports
have focused on the potential of using miRNAs as novel
biomarkers for CRC screening. However, few studies have
investigated the probability of combining miRNA and other
CRC detection tools, such as CEA measurement and the
FOBT, which are applied clinically as a diagnostic compo-
site. In the present study, miRNA was first combined with
CEA measurement and the FOBT for CRC screening.

The miRNAs selected in this paper have been previously
reported to be dysregulated in many types of cancer but have
never been researched as a diagnostic panel. Various mole-
cular mechanisms are generally known to be involved in the
development of tumors and in tumorigenesis involving mul-
tiple gene functional changes. Certainly, whether these
miRNAs will be confirmed as CRC diagnostic biomarkers
in future clinical trials remains questionable, and further
investigations are warranted. First, we compared the expres-
sion levels of 20 miRNAs in CRC tumor tissues to those in
paired normal tissues; of the 20 miRNAs, 7 (miR-145,
miR-23b, miR-204, miR-195, miR-23a, miR-497, and
miR-429) exhibited good potential as biomarkers to distin-
guish CRC patients from normal individuals, with statisti-
cally significant dysregulation, and 6 of these 7 miRNAs
were downregulated (only miR-429 was upregulated).
Additionally, to verify this possibility, ROC curve analysis
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was performed to analyze their sensitivity and specificity to
distinguish CRC patients from the normal population. The
results revealed that miR-145, miR-23b, and miR-195 are
suitable as diagnostic biomarkers. Their AUC, sensitivity,
and specificity values were 0.924, 90%, and 88%; 0.806,
78%, and 70%; and 0.715, 72%, and 68%, respectively.
Additionally, the AUC values were all greater than 0.7.*
For the other four miRNAs, the AUCs were less than 0.7.
Next, we tried to evaluate the ability of the panel of miR-145,
miR-23b, and miR-195 to diagnose CRC. The results showed
that this panel can substantially increase the accuracy of CRC
screening, with high sensitivity and specificity, especially
compared with the FOBT, CEA measurement, or even the
combination of the FOBT and CEA measurement.
Interestingly, the most important aspect of this study was
that we tried to combine the miRNAs, FOBT, and CEA
measurement into a CRC diagnostic panel. When they were
combined, the miRNAs markedly increased the accuracy of
the FOBT and CEA measurement to diagnose CRC from
74% to 94%. Additionally, the FOBT and CEA measurement
could also improve the positive rate of using miRNA as
a diagnostic biomarker even in a limited range, with the
positive rate increasing from 92% to 94%. Any degree of
improvement may provide important benefits for patients.

To our knowledge, for the first time, this study aimed
to compare the diagnostic accuracy of a potential biomar-
ker and two current clinical diagnostic tools and analyzed
the sensitivity and specificity of using these potential and
current clinical markers in combination to screen for CRC.

Nevertheless, this study has some limitations. All the
patients were recruited from the Third Affiliated Hospital
of Guangzhou Medical University, and the small sample
size may have yielded biased results and decreased the
sensitivity and specificity of the test, although this study
was balanced in sample composition. Prompted by these
findings, larger-scale validation across multiple centers
and different research teams will be conducted before the
miRNAs or the panel can be applied as a routine clinical
diagnostic tool. In conclusion, the present study demon-
strated that miRNAs can be utilized as potential biomar-
kers; as a diagnostic panel, miRNAs, the FOBT, and CEA
measurement increase each other’s ability to detect CRC.
Further research is necessary to explore whether this panel
of miRNAs is also effective for detection.
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