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Abstract
Objectives: Circulating microRNAs  (miRNAs) have been discovered to play a novel 
role in intercellular communication and cancer biology. They are emerging candidates for 
noninvasive molecular biomarkers of cancer and other diseases. However, current translational 
researches have been limited by the lack of consensus on the optimal endogenous control 
of circulating miRNAs quantitation. In this study, we compared two promising miRNAs, 
miR‑1228 and miR‑16, as an endogenous control. The effects of normalizers on the 
relative quantification of circulating miR‑31 in plasma samples of colorectal cancer  (CRC) 
were also assessed. Materials and Methods: The cel‑miR‑39 was a spiked‑in RNA used 
as an external control and added to plasma samples before RNA extraction. Quantitative 
real‑time polymerase chain reaction technology was used to analyze the expression levels 
of circulating miRNAs in plasma samples of 4 healthy controls and 14 CRC patients. The 
expression stability of the candidate controls was compared by Ct analysis and NormFinder 
algorithms. Results: There was no significant difference in expression level of miR‑16 and 
miR‑1228 between healthy control group and before or after therapy of CRC patient groups. 
The expression of miR‑1228 has smaller the range Ct values (28.25‑25.64)  compared with 
those of miR‑16  (24.91‑20.34). The stability value of miR‑1228  (0.102) is lower than that 
of miR‑16  (0.350). The expression of miR‑1228 endogenous reference candidate has lower 
stability value and smaller the range Ct values compared with those in miR‑16. According 
to the range Ct values and stability value, miR‑1228 is better than miR‑16 as endogenous 
control in CRC patients. There are significant differences in circulating miR‑31 expression 
between healthy control and CRC patients when miR‑1228 was used to standardize miR‑31 
expression. Conclusions: miR‑1228 is recommended as a better endogenous control in 
quantification of circulating miRNAs in CRC patients.

Keywords: Circulating microRNAs, Colorectal cancer, Quantification

with multiple epigenetic changes and genetic alterations  [7]. 
Recent studies reported that multiple miRNAs have an aberrant 
expression in CRC and have been reported as diagnostic, 
prognostic, and predictive markers  [8‑11]. In addition to 
miRNAs playing the role of regulating gene expression in 
cells, historical studies have demonstrated that miRNAs 
could present in the cell‑free body fluids such as serum, 
plasma, urine and saliva  [10]. These extracellular miRNAs 
may regulate the intracellular gene expression of distant 

Introduction

MicroRNAs  (miRNAs) are short noncoding RNAs 
molecule  (about 22 nucleotides) which causes either 

mRNA molecule degradation or translational inhibition 
through interactions with the 3’ untranslated regions of mRNA 
targets  [1,2]. There are more than 2,000 mature miRNAs 
have been identified to regulate more than half of human 
mRNAs [3]. Previous studies reported that the role of miRNAs 
is associated with carcinogenesis, such as cell proliferation, 
invasion, and metastases  [4,5]. The expression of miRNAs 
is widely altered in normal tissues, leading to carcinogenesis 
through abnormal expression of mRNA [6,7].

Colorectal cancer  (CRC) is one of the most common 
cancers in the world. The development of CRC is associated 
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cells in some way. For example, cancer cells can control 
the environment of remote tissues by releasing exosomes 
packaged specific miRNAs to assist the metastasis, attachment 
and growth of cancer cells  [12]. Therefore, these circulating 
miRNAs have the potential to be used as novel noninvasive 
biomarkers for clinical applications in CRC.

Comparing circulating miRNA level between healthy 
persons and patients with stage IV CRC cancer, the plasma 
levels of miR‑21, miR‑145, miR‑203, miR155, miR‑210, 
miR‑31, and miR‑345 were significantly different  [8,9]. 
Circulating miR‑17, miR‑21, and miR‑92 can be used as 
predictors to predict the likelihood of recurrence of CRC 
after chemotherapy  [8,9]. The results of these studies indicate 
that in addition to routine diagnosis such as colonoscopy or 
tomography, these miRNAs expression in blood sample may 
assist in the diagnosis and treatment of clinical CRC cancer. 
Although many studies have described circulating miRNAs 
as therapeutic or diagnostic targets, the reproducibility of 
experimental results has been challenged. The source of the 
samples and the isolation and purification of the samples 
may cause the difference in miRNA interpretation. In 
addition, data normalization, especially the choice of internal 
control, is a major factor contributing to differences in data 
interpretation  [13]. U6 is widely used as a normalized control 
for miRNA in cells, but its application as an endogenous 
control for normalization of circulating miRNA expression is 
limited due to its low expression in body fluids [14].

The normalization of miRNA quantitation by using a 
suitable reference gene is an essential component of reliable 
quantitative polymerase chain reaction  (qPCR) assay  [15]. 
However, the optimal reference miRNA for normalization 
of circulating miRNAs expression was not clear. Although 
there are a few reports on the issues, there are no universal 
consensus on endogenous miRNAs for this purpose in various 
cancers. Huang et  al. used miR‑16 as the internal control 
for plasma miRNA quantification in CRC  [16]. Hu et  al. 
reported miR‑1228 as the most stable endogenous control 
for quantification of circulating miRNA in cancer patients 
through microarray approaches and critically appraised the 
optimal endogenous control after comparing it with the other 
control  (miR‑16, miR‑223, let‑7a, and RNU6B) commonly 
used in the literature  [15]. Danese et  al. used miRTarBase to 
estimate target genes of selected miRNAs. The results showed 
that the miR‑16 regulated multiple oncogenes and tumor 
suppressor genes including BCL1, KRAS, BMI‑1, MYB, and 
PT53. In addition, the report also pointed out that miR‑1228 
does not interact with any known oncogenes or tumor 
suppressor genes [17,18].

MiR‑16 was often used as endogenous reference genes for 
various diseases, including chronic kidney disease, papillary 
thyroid carcinoma, breast cancer, and prostate cancer  [19]. 
MiR‑1228 was reported to be a stable endogenous control and 
recently it was verified  [15,20]. To clarifying the ambiguous 
issue on endogenous miRNA control, we set up experiments 
to compare miR‑1228 with miR‑16 which is frequently 
adopted as endogenous miRNA control in the literature as 
optimal reference miRNAs in estimate circulating miRNA 

expression in CRC patients. In this study, we selected these 
two miRNAs and exogenous cel‑miR‑39 as the research 
targets, and compared their stability values and range of Ct 
values in CRC plasma samples to explore whether changes 
occurred before and after CRC treatment, as suitable reference 
miRNA candidates.

Materials and methods
Samples collection and processing

The plasma samples were collected from three groups of 
participants (HC: Healthy controls, BT: Before therapy of CRC 
patients, AT: After therapy of CRC patients). The samples 
were obtained from 4 HC and 14 CRC patients including 
before and AT in Taipei Buddhist Tzu Chi hospital. An amount 
of 5  ml of whole blood from each participant was collected 
in EDTA tube. Blood samples were obtained by centrifugation 
at 1,200 g for 10 min at 4°C. The supernatant was transferred 
into new microcentrifuge tubes and centrifuged at 12,000 g for 
10 min at 4°C to completely remove cellular components. The 
supernatant plasma was stored at  −80°C until use. The study 
protocol was approved by Taipei Tzu Chi Hospital Institutional 
Review Board  (IRB No.  05‑XD37‑067 and 05‑XD38‑068). 
Inform consent was obtained from all participants prior to 
collection of blood samples.

RNA isolation and reverse transcription polymerase 
chain reaction

Total miRNAs were isolated from 300 μL of plasma 
sample using the miRNeasy Mini Kit  (Qiagen, Hilden, 
Germany) and eluting it into 30 μL RNase‑free water. For 
normalization of sample‑to‑sample variation during RNA 
isolation procedures, 0.25 pmole of synthetic cel‑miR‑39 was 
added into each sample. Small RNAs from plasma samples 
were reverse transcribed using the TaqMan miRNAs Reverse 
Transcription kit  (Invitrogen, Carlsbad, CA, USA) following 
the manufacturer’s instruction. Reverse transcription primers 
were following: 

hsa‑miR‑16‑5p, 5’‑GTCGTATCCAGTGCAGGGTCCGA 
G G TAT T C G C A C T G G ATA C G A C C G C C A A - 3 ’ , 
hsa‑miR‑31‑5p,5’-GTCGTATCCAGTGCAGGGTCCGA 
G G T AT T C G C A C T G G AT A C G A C A G C T AT ‑ 3 ’ , 
hsa‑miR‑1228‑3p,5’-GTCGTATCCAGTGCGTGTCGTG 
GAGTCGGCAATTGCACTGGATACGACGGGGGG‑3’, 
cel‑miR‑39‑3p,5’-GTCGTATCCAGTGCAGGGTCCG 
AGGTATTCGCACTGGATACGACCAAGCT‑3’.

Quantitative real‑time polymerase chain reaction
For miRNAs quantification, a real‑time quantitative PCR 

of miRNAs was performed using Luna Universal qPCR 
Master Mix  (New England Biolabs, Ipswich, MA, USA) on 
the ABI7900 PCR machine. The reaction was performed in 
96 well plates under the following condition: 95°C for 2 min, 
40 cycles of 95°C for 15 sec, 60°C for 1 min. The primers of 
quantitative PCR were following:

hsa‑miR‑16‑5p forward primer, 5’‑CGGCG 
TAGCAGCACGTAAATA-3’, hsa-miR-16-5p reverse primer, 
5’-CCAGTGCAGGGTCCGAGGTA‑3’, hsa‑miR‑31‑5p forward 
p r i m e r , 5 ’ - C G G C G A G G C A A G AT G C T G G C ‑ 3 ’ , 
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hsa‑miR‑31-5p reverse primer, 5’-CCAGTGCAGGGTCCG 
AGGTA‑3’, hsa‑miR‑1228‑3p forward primer, 5’‑CGGC 
GTCACACCTGCCTCG-3’, hsa‑miR-1228-3p reverse primer, 
5’-CAGTGCGTGTC GTGGAGTC‑3’, cel‑miR‑39‑3p forward 
primer, 5’‑CGGCGTCACCGGGTGTAAATC-3’, cel‑miR‑39‑3p 
reverse primer, 5'-CAGTGCGTGTCGTGGAGTC-3’, The 
quantitative end point of real time PCR is the threshold cycle 
(Ct). miRNAs expression by relative quantification using the 
2-ΔΔCt method to determine fold changes in expression.

Statistical analysis
For the statistical analysis, we used the Graph Pad Prism 
software package  (GraphPad software Inc., La Jolla, CA, 
USA). The Mann–Whitney test was used to analyze the 
difference in relative expression levels of miRNA between 
patients and controls. The quantitation cycle value (Ct) was 
used to estimate the level of gene expression. The expression 
variation range of Ct value  (DCt) was used as the first 
parameter to assess the expression stability of the candidate 
reference miRNA. A narrow range of Ct value indicates a gene 
with more stable expression. The NormFinder algorithm was 
then used to assess the expression stability of the candidate 
reference genes  [15]. It is based on an analysis of variance 
mathematical model, estimates both the inter‑group and 
intra‑group variations and finally calculates the stability of a 
candidate reference gene. A  lower stability value indicates a 
more stably expressed gene. The sample with minimum Ct or 
maximum expression was used as a calibrator with a set value 
of 1.

Results
Demographic and clinical features of enrolled patients 
and healthy subjects

A total of 14 CRC patients (mean age 63.9 ± 11.4 years; range 
41–73) and 4 healthy controls  (mean age  (49.5  ±  8.4  years; 
range 41–46) were recruited in this study with equal numbers 
of male and female patients but 100% male in healthy 
subjects  [Table  1]. The TNM stage distribution was Stage 
I  (7.1%), stage II  (35.7%), Stage III  (35.7%), and Stage 
IV (21.4%). The majority of tumor differentiation was moderate 
differentiated  (85.7%) with poor differentiated  (14.3%). Tumor 
was located in proximal colon  (37.5%), distal colon  (28.6%), 
and rectum (35.7%). The histologic subtypes of tumor included 
adenocarcinoma  (85.7%), mucinous adenocarcinoma  (7.1%), 
and signet‑ring carcinoma (7.1%).

Expression levels of candidate reference microRNAs
We selected the three candidate reference miRNAs 

including two endogenous reference candidates  (miR‑16, 
miR‑1228) and one extrinsic control  (cel‑miR‑39) to analyze 
their expression using quantitative real‑time PCR from plasma 
samples including 4 HC, 14 BT of CRC patients  (BT) and 
5 AT of CRC patients  (AT). The median circulating levels 
of miR‑1228 and miR‑16 in the early CRC stage  (Stage 
I and II) and advanced stage  (Stage III and IV) were 
26.81  (range 26.99‑25.79) versus 21.46  (23.59‑20.38), and 
26.20  (28.25‑25.64) versus 23.12  (24.91‑20.52), respectively. 
The circulating level of miR‑1228 was not influenced by 
tumor stage but miR‑16 level was higher in advanced stage. 
The spike‑in cel‑miR‑39 displayed the lowest DCt value (1.32) 

among all plasma samples  (n  =  23). The DCt value of 
miR‑1228 was 2.61 less than that of miR‑16 which was 4.57 
in all plasma samples. In addition, the Ct value of miR‑1228 
was also lower than that of miR‑16 in plasma samples of HC, 
BT and AT [Table 2].

Expression stability of candidate reference microRNAs
The variable stability of the three candidate reference 

miRNAs was analyzed with the NormFinder algorithm. 
The stability value of the spike‑in cel‑miR‑39  (0.069) was 
the lowest value in all plasma samples. The stability value 
of miR‑1228 was 0.102 less than that of miR‑16, which was 
0.350 in all plasma samples. The results indicating miR‑1228 
was more stable than miR‑16 as endogenous reference control 
in the three group of plasma samples [Table 3].

Effect of the selected reference genes on relative 
expression of circulating miR‑31

The expression level of circulating miR‑31 was elevated 
in CRC and used as a diagnostic marker for CRC  [15]. 
Therefore, to ensure that the three candidate reference 
miRNAs as a stable control, the influences of normalizers 
on the relative quantification of circulating miR‑31 were also 
assessed. We found there was a significant difference in the 
level of circulating miR‑31 between healthy controls and 
CRC patients when miR‑1228 or cel‑miR‑39 was used as 
normalizers. However, when miR‑16 was used as a normalizer, 

Table 1: Demographic and clinical features of enrolled patients 
and healthy subjects
Characteristics n (%)
Healthy controls

Age (years), mean±SD 49.5±8.4
Range 41-61

Sex
Male 4 (100.0)
Female 0

CRC patients
Age (years), mean±SD 63.9±11.4

Range 41-73
Sex

Male 7 (50.0)
Female 7 (50.0)

Tumor TNM stage
I 1 (7.1)
II 5 (35.7)
III 5 (35.7)
IV 3 (21.4)

Tumor differentiation
Moderate 12 (85.7)
Poor 2 (14.3)

Tumor location
Proximal colon 5 (35.7)
Distal colon 4 (28.6)
Rectum 5 (35.7)

Histology subtype
Adenocarcinoma 12 (85.7)
Mucous adenocarcinoma 1 (7.1)
Signet‑ring carcinoma 1 (7.1)

SD: Standard deviation, CRC: Colorectal cancer, TNM: Tumor-node-
metastasis
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there was no significant differences between HC and CRC 
patients [Figure 1].

Discussion
Recent studies have demonstrated that miRNAs were 

involved in tumorigenesis, including cell proliferation, 
apoptosis, invasion and metastases  [4,21]. The aberrant 
expression of miRNAs contributed to multiple epigenetic 
changes and genetic alterations via posttranscriptional 
regulation of gene expression  [2,6]. In our study, there were 
no significant difference in the expression level of miR‑16 and 
miR‑1228 between HC group and before or AT of CRC patient 
groups. The expression of miR‑1228 endogenous reference 
candidate has lower stability value and smaller the range Ct 
values compared with those in miR‑16. In our study results in 
CRC, the miR‑1228 also showed less variation as compared 
with miR‑16. Recently, Duran‑Sanchon et  al. observed 
that miR‑16 was significantly influenced by hemolysis, but 
miR‑1228 was not influenced by hemolysis and therefore 
suggested that miR‑1228 should be the optimal endogenous 
control for circulating miRNA analysis in CRC [20].

The report showed that circulating miR‑31 expression 
is higher in CRC patients and miR‑16 was selected an 
endogenous reference miRNA in the study  [10,22]. In our 
experiments, we also observed significant differences in 
circulating miR‑31expression between HC and CRC patients 
when miR‑1228 was used to standardize miR‑31 expression. 
However, the significance of difference was gone when 
miR‑16 was used as endogenous control. Therefore, our results 
demonstrate that the use of different reference miRNA can 

lead to misjudgments in clinical blood samples, regardless of 
whether the experiment is derived from individual differences 
or experimental operating techniques.

In the selection of suitable miRNA reference genes in 
CRC research, in addition to considering that the reference 
genes do not affect the tumor formation and progression, it is 
also necessary to consider whether these reference genes are 
affected by oncogene/tumor suppressor genes in the process 
of cancerization. Most miRNAs regulate the expression of 
target genes, and miRNAs themselves may also be regulated 
by other noncoding RNAs such as long noncoding RNAs or 
circular RNAs  [23]. Recent studies have found that miR‑1228 
can be regulated by circRNA_100395 and participates in the 
carcinogenesis of ovarian cancer and lung cancer  [24,25]. 
However, the performance of circRNA_100395 in the large 
intestine tissue has not yet been explored. Similarly, miR‑16 can 
be regulated by long noncoding RNA AGAP2‑AS1, SNHG12, 
and UCA1 to participate in the carcinogenesis of lung cancer, 
gastric cancer, and bladder cancer [26‑28]. Therefore, the above 
research results suggest that the reference genes used in the 
research of different types of cancer should be individualized.

Although some studies have explored the applicability 
of miR‑1228 and miR‑16 as reference genes for CRC, the 
changes of these reference genes before and after surgical 
treatment of CRC patients have not been explored in the 
literature  [17,20]. Our research results indicate that miR‑1228 
was not affected by surgical treatment and should be 
considered as an optimal reference gene for treatment studies. 
Besides, the circulating level of miR‑1228 was not influenced 

Table 3: Ranking of reference miRNAs using NormFinder algorithm
Rank HC (n=4) BT (n=14) AT (n=5) All (n=23)

miRNA name Stability value miRNA name Stability value miRNA name Stability value miRNA name Stability value
1 cel‑miR‑39 0.042 cel‑miR‑39 0.247 miR‑1228 0.101 cel‑miR‑39 0.069
2 miR‑1228 0.234 miR‑1228 0.534 cel‑miR‑39 0.266 miR‑1228 0.102
3 miR‑16 0.720 miR‑16 0.940 miR‑16 0.981 miR‑16 0.350
HC: Healthy controls, BT: Before therapy of CRC patients, AT: After therapy of CRC patients, CRC: Colorectal cancer

Table 2: Reference miRNAs expression in plasma samples
miRNAs HC (n=4) BT (n=14) AT (n=5) All (n=23)

Median (range) DCt Median (range) DCt Median (range) DCt Median (range) DCt
miR‑16 21.77 (22.62-20.34) 2.28 22.15 (24.91-20.38) 4.53 22.16 (24.20-21.05) 3.15 22.00 (24.91-20.34) 4.57
miR‑1228 26.83 (27.08-26.52) 0.56 26.36 (28.25-25.64) 2.61 26.84 (27.57-26.63) 0.94 26.80 (28.25-25.64) 2.61
cel‑miR‑39 14.58 (14.65-14.34) 0.31 14.95 (15.66-14.36) 1.30 15.01 (15.64-14.68) 0.96 14.94 (15.66-14.34) 1.32
HC: Healthy controls, BT: Before therapy of CRC patients, AT: After therapy of CRC patients, DCt: Ctmaximum‑Ctminimum, CRC: Colorectal cancer

Figure 1: The expression of miR‑31 was analyzed by quantitative real‑time polymerase chain reaction. Relative miR‑31 expression levels were normalized to (a) miR‑16, 
(b) miR‑1228 and (c) cel‑miR‑39. HC: Healthy controls, BT: Before therapy of CRC patients, AT: After therapy of CRC patients, **: P < 0.01, *: P < 0.05, #: P < 0.1

cba
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by tumor stage but miR‑16 level was higher in advanced stage. 
Although we recruited all the patients with CRC stage ranging 
from stage I to stage IV, all the cases in healthy control were 
male. Besides, due to the small sample size and the limitation 
of the interpretation of research data in a single research 
center, further validations from larger cohorts are needed to 
verify our research results in the future.

Conclusion
We recommended miR‑1228 as a better endogenous control 

to quantify circulating miRNA expression in CRC patients. 
The limitation of our study is the small sample size. Our 
significant findings should be validated in large‑scale clinical 
studies.
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