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Recently, microRNAs have been detected in serum and plasma, and circulating microRNA (miRNA) pro-
files have now been associated with many diseases such as cancers and heart disease, as well as altered
physiological states. Because of their stability and disease resistance, circulation miRNAs appear to be an
ideal material for biomarkers of diseases and physiological states in blood. However, the lack of a suitable
internal reference gene (internal reference miRNA) has hampered research and application of circulating
miRNAs. Currently, U6 and miR-16 are the most common endogenous controls in the research of miRNAs
in tissues and cells. We performed microarray-based serum miRNA profiling on the serum of 20 nasopha-
ryngeal carcinoma patients and 20 controls to detect the expressions of U6 and miRNAs. Profiling was
followed by real-time quantitative Polymerase Chain Reaction (qPCR) in 80 patients (20 each with gastric
cancer, nasopharyngeal carcinoma, colorectal cancer, and breast cancer) and 30 non-cancerous controls.
qPCR was also performed to detect miRNAs in serum with repeated freezing and thawing. The results of
microarray showed that with the exception of U6, Ct values of miR-16, miR-24, miR-142-3p, miR-19b and
miR-192 in serum samples of nasopharyngeal carcinoma were greater than control samples. The results
of 110 cases showed large fluctuations in U6 expression. The difference between the greatest and the
least levels of expression was 3.29 for delta Ct values, and 1.23 for miR-16. The expressions of U6,
miR-16 and miR-24 in serum subjected to different freeze–thaw cycles showed that U6 expression grad-
ually decreased after 1, 2, and 4 cycles of freezing and thawing, while the expression of miR-16 and miR-
24 remained relatively stable. Collectively, our results suggested that U6 is unsuitable as an internal ref-
erence gene in the research of circulating miRNAs.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

MicroRNAs (miRNAs) play a key role in the development of
many diseases, which negatively regulate the expression of pro-
tein-coding genes at the post-transcriptional level [1,2]. Particu-
larly in tumors, miRNAs play a role similar to that of oncogenes
or tumor suppressor genes [1,3]. In 2008, several research groups
have discovered miRNA in human serum and plasma [4,5]. These
circulating miRNAs are very stable in the blood. Healthy individu-
als have a consistent level of circulating miRNAs expression, but
the levels of circulating miRNAs in serum will significantly change
in different diseases [5]. Therefore, circulating miRNAs can become
potential biomarkers for the diagnosis, monitoring, and prognosis
of diseases.

Although research on circulating miRNAs as biomarkers of dis-
ease is on the rise, researchers are encountering a practical prob-
lem, the lack of a recognized and reliable reference gene
(housekeeping gene), which makes comparisons difficult between
different samples and complicates the search for biomarkers in cir-
culating miRNAs. Currently, researchers use U6 and miR-16 for
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Table 1
Characteristics of subjects for qRT-PCR validation.

Variable Cohort of qPCR
N = 110

Non-cancer (n = 30)
Age (year) Mean ± SD 56 ± 8
Sex-No. (%) Male 15(50)

Female 15(50)
Gastric cancer (n = 20)

Age (year) Mean ± SD 58 ± 9
Sex-No. (%) Male 12(60)

Female 8(40)
TNM Stage-No. (%) I 5(25)

II 10(50)
III 4(20)
IV 1(5)

Nasopharyngeal cancer (n = 20)
Age (year) Mean ± SD 48 ± 8
Sex-No. (%) Male 12(60)

Female 8(40)
TNM Stage-No. (%) I 2(10)

II 5(25)
III 8(40)
IV 5(25)

Colorectal cancer (n = 20)
Age (year) Mean ± SD 55 ± 10
Sex-No. (%) Male 13(65)

Female 7(35)
Dukes Stage-No. (%) A 2(10)

B 9(45)
C 8(40)
D 1(5)

Breast cancer (n = 20)
Age (year) Mean ± SD 53 ± 7
Sex-No. (%) Male 0(0)

Female 20(100)
TNM Stage-No. (%) I 5(25)

II 10(50)
III 5(25)
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internal reference in tissue and cell miRNAs studies. Researchers
use the following ways to solve the problem of internal reference
in circulating miRNAs detection: (a) According to reports in the lit-
erature , researchers often consider stable RNA expression as an
internal reference of circulating miRNAs detection: e.g. U1 [6],
U6 [7–9], U43 [6], U44 [10,11], U48 [10,12,13], miR-16 [14–19],
miR-19b [4], miR-24 [4,14], miR-30e [20], miR-142-3p [10], miR-
192 [21], miR-638 [22], let-7a [14], 5S [23,24], 18S [25], etc. How-
ever, failure to undergo rigorous experimental verification has led
to disagreement among researchers [26], thus some results have
been questioned. Especially, there are much controversy about
whether U6 and miR-16 are good internal references [5,7–9,14–
19]. (b) Added the same amount of exogenous miRNAs (sample
species does not contain) as internal reference into serum or
plasma samples [27–32]. This method can eliminate some devia-
tions of the experimental process and make the results reliable.
But it also causes the experimental procedure cumbersome and
clinical applications more inconvenient. (c) Use concentration of
total RNA samples as the reference index [5]. In this method, the
accuracy of RNA concentration measurement has strict require-
ments. But the low circulating miRNAs levels are difficult to mea-
sure. In addition, concentration of total RNA may not give a true
reflection of the amount of miRNA samples. (d) some researchers
directly compare the volume obtained by equal amounts of
serum/plasma sample [33–35]. Because the internal reference is
not set, the deviation between the samples cannot be corrected,
reducing the credibility of the results [36]. Taken together, there
is still no recognized and reliable reference gene in circulating miR-
NAs detection, which seriously interferes with investigators and
limits the development of circulating miRNA study. Therefore,
screening current miRNAs used as internal references and finding
reliable internal references of circulating miRNAs is urgently
needed.

In this study, we screened and compared the expression level of
some miRNAs used as internal controls, and found that U6 expres-
sion is not stable in serum. It may be not suitable as an internal ref-
erence gene in the study of circulating miRNAs.
2. Materials and methods

2.1. Clinical samples

Following ethical approval and written informed consent,
serum samples were collected from 150 individuals, including
100 patients (40 nasopharyngeal cancer, 20 gastric cancer, 20 colo-
rectal cancer and 20 breast cancer, confirmed by pathology) and 50
non-cancerous volunteers. Among them, 80 patients and 30 non-
cancerous volunteers were used for the validation (Table 1). All
the patients had been diagnosed pathologically and their relevant
demographic and clinical pathological details were obtained. The
blood samples were collected prior to any therapeutic procedures.
Control subjects were recruited from a large pool of individuals
seeking a routine physical examination. The individuals with no
evidence of cancer were selected as non-cancerous subjects.
2.2. Serum preparation and RNA isolation

For the serum collection, about 4 ml venous blood was collected
in the morning before breakfast from non-cancerous control and
tumor patients prior to any therapeutic procedures and held at
room temperature for 1 h, centrifuged at 4 �C 1600 RCF for
10 min. Serum (upper phase) was collected gently for storage at
�80 �C. In addition to the experiments related the number of
freeze–thaw, the other experimental serum samples were after
one freeze–thaw.
For RNA isolation, total RNA was extracted from 500 ll of each
serum sample and eluted in 60 ll of RNase-free water using a mir-
Vana PARIS kit (Ambion) following the manufacturer’s protocol for
liquid sample. During the RNA extraction, cel-miR-39 was spiked
at a fixed concentration for data normalization. Samples should
add the denaturation before the addition of cel-miR-39.

2.3. Circulating miRNA profiling assay

The serums were pooled from 20 age- and gender-matched NPC
or non-cancerous volunteers. The serum miRNA profile was
obtained by using TaqMan Low-Density Array. See our previous
article published for more detail [37].

2.4. Quantitative PCR validation and data analysis

Serum samples from each 20 gastric cancer, nasopharyngeal
cancer, colorectal cancer and breast cancer patients and 30 noncan-
cerous volunteers respectively were used for the validation of inter-
ested miRNAs in serum. MiScript PCR System kit series (miScript
Reverse Transcription Kit, miScript SYBR Green PCR Kit, Qiagen)
were used to quantify specific miRNAs following the manufac-
turer’s protocol. The changes of differentially expressed miRNAs
level were calculated with Delta Ct (Delta Ct = Cttest � Ctcel-miR-39).
3. Results

3.1. Microarray analysis of serum miRNA

The serum miRNA profile in NPC patients or non-cancerous con-
trols was obtained by using TaqMan Low-Density Array. To screen
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endogenous control, six miRNAs was chosen, including U6, miR-16,
miR-24, miR-142-3p, miR-19b and miR-192, which were reported
in the literature as having stable expression in serum/plasma.
Comparative analysis of microarray data was performed. The Ct
values of these miRNAs in serum samples of nasopharyngeal carci-
noma were greater than non-cancer serum samples, with the
exception of U6. We found that the arithmetic mean and the geo-
metric mean of Ct values of the serum in NPC patients are also
Table 2
Related miRNA expression in TLDA miRNA array.

Non-cancer samples Ct NPC Ct CtNPC � Ctnon-cancer

U6 26.230 24.742 -1.488
MiR-16 25.287 26.144 0.857
MiR-142-3p 32.929 33.633 0.704
MiR-19b 28.446 29.749 1.303
MiR-24 28.993 30.447 1.454
MiR-192 33.158 33.565 0.407
Arithmetic mean 32.98 33.41 0.43
Geometric mean 32.783 33.277 0.494

Fig. 1. The expression of U6 and miR-16 in different populations (A: Scatter; B: Box) 1–3
71–90: colorectal cancer (CRC) 91–110: breast cancer (BC).
higher than non-cancerous controls (Table 2), suggesting that the
expression stability of U6 differs from the other five miRNAs.

3.2. Validation of the miRNAs differentially expressed in larger sample
with qPCR

To further verify the expression of U6 in different populations,
we detected the U6 expression in serum samples from 30 healthy
persons and 80 patients, including 20 each of gastric cancer, naso-
pharyngeal cancer, colorectal cancer and breast cancer, using qPCR
detection. Exogenous cel-miR-39 was added as an internal refer-
ence. The results showed large fluctuations in U6. The difference
of delta Ct values of U6 between the greatest and the least expres-
sion level is 3.29 (5.69 VS 9.98). But that of miR-16 is 1.23 (5.46 VS
6.69). The expression of miR-16 was relatively stable. (Figs. 1, 2
and Table 3).

3.3. Effects of the expression of U6 in serum with freeze–thaw cycles

Serum samples miRNAs may be unstable after repeated freezing
and thawing in the process of research testing. On this basis, our
group looked at the expression of U6, miR-16 and miR-24 in serum
0: non-cancer (NC) 31–50: gastric cancer (GC) 51–70: nasopharyngeal cancer (NPC)



Fig. 2. Expression distribution of U6 and miR-16 expression in 110 subjects.

Table 3
Mean expression and CV value of U6 and miR-16 in different populations.

U6 miR-16

Mean CV (%) Mean CV (%)

Non-cancer 7.527 11.5 6.140 4.0
GC 7.393 11.0 6.180 5.0
NPC 7.328 17.6 5.932 5.3
CRC 7.488 15.3 5.971 5.8
BC 7.518 13.4 6.147 5.5
All 7.458 13.5 6.080 5.2
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with different freeze–thaw cycles. The results showed that U6
expression gradually decreased after 1, 2, and 4 cycles of freezing
and thawing, while the expressions of miR-16 and miR-24 were
relatively stable (Fig. 3).
4. Discussions

Theoretically, serum and plasma have the same composition
except for blood coagulation factors. Some research groups have
found that miRNA expression in serum and plasma are consistent
[5]. Thus, the internal reference of serum and plasma are likely
to be in common. In this study, we used serum for related research.

We analyzed the miRNAs reported to have stable expression in
serum and which could be used as internal references. We found
that with the exception of U6, the values for miR-16, miR-24,
miR-142-3p, miR-19b, and miR-192 Ct in NPC sera were higher
than non-cancer sera. Accordingly, we speculated that miR-16,
miR-24, miR-142-3p, miR-19b, miR-192 expression is stable and
the U6 expression is relatively unstable. While there may be vari-
ation of individual serum miRNA in disease states, the total
amount of miRNAs in the serum should remain constant. There-
fore, it is necessary to use the concentration of total RNA as refer-
ence normalization [5,38]. The geometric mean and the arithmetic
mean of Ct values of all miRNAs may be used to approximate the
amount of total miRNA in every sample. In the microarray results,
the geometric and the arithmetic means of all miRNAs in non-can-
cer serum samples were lower than those of nasopharyngeal carci-
noma. This suggests that the amounts of total miRNA were greater
in non-cancer serum samples than in nasopharyngeal samples.
This phenomenon is not caused by the disease itself, but rather
by the error and the bias in the experimental procedure. In the
results of miRNA arrays, variation of miR-16, miR-24, miR-142-
3p, miR-19b, miR-192 in serum of patients with nasopharyngeal
carcinoma and the non-cancerous controls is consistent with the
geometric and the arithmetic means. Therefore, because these
Fig. 3. The expression of U6, miR-16 and miR-24
miRNAs show stable expression they could be used as internal ref-
erence in research on serum miRNAs. However, the expression of
U6 was not stable, making it unsuitable for an internal reference.
To further clarify the stability of the U6 expression in serum, we
chose 20 cases each of gastric cancer, nasopharyngeal cancer, colo-
rectal cancer and breast cancer samples for verification. Since
human lack cel-miR-39 expression, exogenous cel-miR-39 was
added as a standard of data normalization. Quantitative PCR data
showed significant fluctuations in the expression levels of U6 com-
pared with those of cel-miR-39 and miR-16. These results suggest
that serum U6 is not suitable as an internal reference.

Next, we tested the stability of U6 in serum after repeated freez-
ing and thawing while selecting a greater expression level of miR-
16 and miR-24 in serum as a comparison. U6 expression decreased
after repeated freezing and thawing. There was no significant
change in the amount of miR-16 and miR-24 expression, consistent
with the results found by Koberle [39]and Chen [5]. Thus, repeated
freezing and thawing will result in degradation of U6. An internal
reference expression must be stable under physiological and path-
ological conditions and unaffected by physical and chemical fac-
tors during the experiment. Because repeated freezing and
thawing often occurred during the experiment, U6 is not suitable
as an internal reference of circulating miRNA research in this case.
The longer RNA is more easily degraded by RNase and U6 is signif-
icantly longer than miRNA. In addition, studies have shown that
circulating miRNAs often combined with some of the carrier pro-
tein or are wrapped in exosomes making the circulating miRNAs
more stable [40–43]. U6, however, contains a large amount of
nucleotides and, after separating from the carrier protein during
freezing and thawing, would be degraded by RNase in blood.
According our study, U6 is not suitable as an endogenous control
in circulating miRNA research.

In recent years, studies of circulating miRNAs and of cycling
long non-coding RNA (long noncoding RNA, lncRNA) have prolifer-
ated. However, a lack of a suitable endogenous control has ham-
pered researchers. Our group determined to find an internal
control for circulating miRNA research. While some candidate miR-
NAs were screened out for the internal reference, a series of valida-
tion in different populations (Large sample validation) is needed.
Although the number of samples and the population coverage
after different freezing and thawing times.



214 M. Xiang et al. / Biochemical and Biophysical Research Communications 454 (2014) 210–214
are limited in our experiments, results confirm that U6 is not a
suitable internal reference in serum miRNA research. Reliability
of results reported in the literature using U6 as an internal refer-
ence will be questioned. Discovery of a reliable internal reference
of circulating miRNA will advance research on circulating nucleic
acids such as circulating miRNAs and lncRNAs.
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