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Detection of lung cancer with blood microRNA-21
expression levels in Chinese population
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Abstract. The analysis of molecular markers in the biological
field has been proposed as a useful tool for cancer diagnosis.
MicroRNAs (miRNAs) may regulate diverse biological
processes and play a significant role in tumorigenesis. The
potential use of blood-based miRNAs as a biomarker of
cancer and as a target for therapeutics is promising. The
purpose of this study was to determine whether aberrant
miRNA expression can be used as a molecular marker in
peripheral blood for the diagnosis of lung cancer. Quantitative
reverse transcription-polymerase chain reaction (qRT-PCR)
was performed to analyze the expression levels of mature
microRNA-21 (miR-21). Blood samples from 20 lung cancer
patients and 10 healthy individuals were collected. The data
were compared for the diagnosis of lung cancer. The results
demonstrated that miR-21 was present in the peripheral blood
in a markedly stable form and could be detected by real-time
PCR sensitively and specifically. A significant difference was
observed between the lung cancer cases and controls regarding
miR-21 levels in peripheral blood (1947.26+930.56 pg/ml
vs. 943.42+314.12 pg/ml, P=0.005). Furthermore, the over-
expression of miR-21 showed a highly discriminative receiver
operating characteristic (ROC) curve profile, clearly distin-
guishing cancer patients from cancer-free subjects with an area
under the ROC curve (AUROC) of 0.912+0.045. The detection
of miR-21 expression yielded 78.80% sensitivity and 100.00%
specificity in the diagnosis of lung cancer. These findings indi-
cate that in peripheral blood miR-21 may serve as a potential
molecular marker for lung cancer and provide a new approach
in the diagnosis of lung cancer.
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Introduction

Lung cancer is the leading cause of cancer death in China
and worldwide (1). The five-year survival rate of lung cancer
patients is 13%. A crucial reason for this is that lung cancer has
often already metastasized at the time of detection, rendering
the long-term prognosis as poor (2). Therefore, early diagnosis
of lung cancer is a realistic approach in reducing mortality
associated with lung cancer. Although advanced technology,
such as computed tomography (CT), positron emission tomog-
raphy (PET) and X-ray appear to be promising methods of
detection, technology is not capable of precisely realizing the
early detection of lung cancer. The development of diagnostic
tools is necessary for the early detection of lung cancer (3,4).

MicroRNAs (miRNAs) are a class of small RNAs
(~21-24 nt in length) that are capable of post-transcriptionally
regulating hundreds of target genes, thereby controlling a
wide variety of biological processes, including cell growth,
proliferation, differentiation and apoptosis (5). Furthermore,
miRNA expression is involved in cancer development and
progression as a tumor suppressor or oncogene (6,7). Aberrant
miRNA expression as a biomarker provides a new approach to
improving the accuracy of the early diagnosis of lung cancer.
However, miRNA expression pattern biomarkers for disease
management, personalized therapy, diagnosis and prog-
nosis remain in their infancy (8). The expression of mature
microRNA-21 (miR-21) has been and to play a role in the
underlying pathogenesis of lung cancer in human tissue and
serum (9,10). However, the feasibility of examining aberrant
miR-21 expression levels in peripheral blood for a non-invasive
diagnosis of lung cancer has yet to be investigated.

The objective of this study was to determine whether an
altered miR-21 expression detected in peripheral blood could
be a potential biomarker for the diagnosis of lung cancer.
Quantitative reverse transcription-polymerase chain reaction
(QRT-PCR) was performed on lung cancer patients and healthy
controls in the Chinese population.

Materials and methods
Patients. A total of 20 patients diagnosed with lung cancer and

10 controls without cancer were enrolled in the present study.
All 20 patients were recruited from the Hunan Provincial
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Figure 1. Dynamic range and sensitivity of the miR-21 qRT-PCR assay in peripheral blood. (A) Amplification plot of synthetic miR-21 over four orders of

magnitude. (B) Standard curve.
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Figure 2. The absolute expression of miR-21 in peripheral blood between
normal and cancer specimens (bars 1-20 indicate lung cancer patients, bars
21-30 indicate healthy individuals).
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Figure 3. Receiver operating characteristic (ROC) curve analysis of the
expression of miR-21 in blood ROC curve with corresponding area under the
ROC curve (AUROC) for each gene expression conveys its accuracy in dis-
tinguishing cancer-free subjects from cancer patients in terms of sensitivity
and specificity.

Tumor Hospital in Changsha, China. The research study was
approved by an institutional review board. Of the 20 tumor
cases, 4 were stage I, 4 were stage II, 8 were stage III and
4 were stage I'V. Histologically, 8 of the 20 tumors were squa-
mous cell carcinomas (SCC), 6 were adenocarcinomas and
6 were other types of carcinomas.

RNA extraction. RNA was extracted from peripheral
blood using the BioTeKe miRNA extraction kit (BioTeKe
Corporation, China), according to the manufacturer's instruc-
tions. The qualification and quantification of RNA were
assessed using a Photodiode Array Bio-spectrophotometer

(Hutchinson Technology Inc, Hutchinson, MN, USA) and an
Electrophoresis Bioanalyzer (Agilent Technologies, Foster
City, CA, USA).

Reverse transcription (RT) with miRNA-specific stem-loop
primer. RNA was applied for RT using an AMV first strand
cDNA synthesis kit (Sangon Co., Shanghai, China), according
to the manufacturer's instructions. The reaction includes
20 nM stem-loop RT primer, 1X RT buffer, 0.2 mM each
of the dNTPs, 1 U/ul RNase inhibitor and 1 Uul AMV
reverse transcriptase in a total volume of 20 pl. The specific
stem-loop reverse transcription primer of mature miR-21 was
5'-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA
CTGGATACGACTCAACA-3' (11).

Quantification of mature miRNAs by real-time PCR. Stem-
loop qRT-PCR analysis for the detection of miR-21 levels
was performed as previously described (12). The primers
for miR-21 were: forward, 5'-GCCCGCTAGCTTATCAG
ACTGATG-3' and reverse 5'-GTGCAGGGTCCGAGGT-3'".
Real-time PCR was performed to measure expression levels
of target miRNAs using a SYBR premixture kit (BioTeKe
Corporation) on a Bio-Rad 1Q2 real-time PCR detection
system (Bio-Rad, Hercules, CA, USA). The 25 ul PCR reac-
tion included RT product, 2X SYBR real-time premixture
(BioTeKe Corporation) and the corresponding primers. The
reactions were incubated in a 94-well plate at 95°C for 7 min,
followed by 40 cycles of 95°C for 15 sec, 60°C for 30 sec and
72°C for 30 sec. The threshold cycle (Ct) was defined as the
fractional cycle number at which the fluorescence passed the
fixed threshold. The expression of target miR-21 was normal-
ized by miRNA mimics (RiboBio, Guangzhou, China) (3).
No miRNA was used as a negative control and all tests were
performed in triplicate.

Statistical analysis. Statistical analyses were performed using
the statistical software SPSS 18.0. The Mann-Whitney U-test
and the Kruskal-Wallis test were used to evaluate the differ-
ence in miRNA expression between cancer cases and healthy
controls. The receiver operating characteristic (ROC) curve
was used to analyze the specificity and sensitivity, and the
area under the ROC curve (AUROC) was used to represent
an overall summary of diagnostic accuracy (8). All tests of
statistical significance were two-sided. P<0.05 was consid-
ered to be statistically significant. Values were shown as the
mean =+ standard deviation (SD).
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Table I. Comparison analysis of clinicopathological characteristics for miR-21.
Patients
Characteristics No. % Mean + SD (pg/ml) P-value®
Total 20 100.00
Age 0.650
>65 10 50.00 1957.75+432.06
<65 10 50.00 1936.77+1281.08
Gender 0.156
Male 16 80.00 1732.42+695 .35
Female 4 20.00 2806.62+1354.93
Cell type 0.389
Squamous cell carcinoma 8 40.00 1952.64+489.62
Adenocarcinoma 6 30.00 1504.56+625.80
Other carcinomas® 6 30.00 2382.79+1449.30
Clinical stage 0.448
I 4 20.00 1994.01+465.01
11 4 20.00 1911.27+581.86
111 8 40.00 1512.20+827.97
v 4 20.00 2806.62+1354.93

“Mann-Whitney U-test between two groups; Kruskal-Wallis test for three or more groups; Pincluding small, large and mixed cell carcinomas

or undifferentiated carcinomas.

Results

miR-21 expression profile. RNA was extracted from peripheral
blood and the mean ratio of absorbance at 260 and 280 nm was
1.89 (range 1.71-2.13+0.16). The quality of RNA samples was
sufficient for qRT-PCR under identical conditions. Synthesized
miR-21 mimics were diluted by 10 orders of magnitude in
DEPC-treated H,O to generate a standard curve, the measure-
ment range of which was from 1.34 pg/ml to 134 ng/ml.

The qRT-PCR assay revealed excellent linearity between
the log of target input and the Ct value, demonstrating that
the assay had a strong range of at least 4 orders of magnitude
(R2=0.9980) (Fig. 1). The concentration of miR-21 in all of
the samples can be derived from the Ct in the standard curve.
miR-21 expression levels in peripheral blood were signifi-
cantly higher in cancer patients (1947.26+930.56 pg/ml) than
in cancer-free individuals (943.42+314.12 pg/ml) (Fig. 2).

Sensitivity, specificity and dynamic range of miRNA quanti-
fication in peripheral blood. To determine the dynamic range,
sensitivity and specificity of miRNA quantification in periph-
eral blood by qRT-PCR assay, miR-21 mimics (RiboBio) were
synthesized and diluted by 10 orders of magnitude to generate
a standard curve. The ROC curve analysis was carried out on
cancer patients and cancer-free controls using SPSS 18.0. The
ROC curve is a plot of the diagnostic test's sensitivity, or true
positive rate vs. 1-specificity or the false positive rate (13). The
AUROC is an overall summary of diagnostic accuracy (13,14).
Using this approach, the AUROC identified optimal sensi-
tivity and specificity levels, which can be used to distinguish
normal subjects from cancer patients. The ROC curve with
AUROC for miR-21 expression in the blood of lung cancer

and control cases is shown in Fig. 3. The results revealed a
highly discriminative ROC curve profile that distinguished
cancer patients from cancer-free subjects with an AUROC of
0.912+0.045. The detection of miR-21 expression yielded a
78.80% sensitivity and 100.00% specificity in the diagnosis of
lung cancer at optimum conditions.

Comparison analysis of altered miR-21 expression levels and
their clinicopathological characteristics. miRNA-specific
gRT-PCR was used to test miR-21 expression levels in the
peripheral blood samples of the 20 lung cancer patients
with varying clinical stages and histological types, and the
10 healthy controls. The expression level of miR-21 differed
significantly between lung cancer patients and healthy controls
(P=0.005). In the present study, miR-21 was up-regulated by
85% (17/20). No association was found between the expres-
sion levels of miR-21 and clinicopathological characteristics
(clinical stage, age, gender and cell type) (Table I).

Discussion

miR-21 is located in chromosome 17q23.1, which is the site
of translocation breakpoints or amplifications in all types of
cancer (15,16). It may play an oncogenic role in tumorigenesis
by specifically regulating target and tumor suppressor genes.
Chan er al observed that miR-21 was highly overexpressed
in glioblastoma tumors compared with normal tissues (15).
Xie et al reported that miR-21 was significantly elevated in the
sputum of patients with non-small cell lung cancer (NSCLC)
and was therefore a potential non-invasive molecular marker
for NSCLC (17). Moreover, Yu et al demonstrated that miR-21
may be used as a non-invasive and cost-effective diagnostic
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tool for early lung adenocarcinoma (8). Gao et al reported
the potential of miR-21 as a novel diagnostic or prognostic
biomarker for NSCLC in tissue samples (18). Various scien-
tific studies have reported that the expression of miR-21 plays
a significant role in the development of lung cancer (19,20).
In the present study, miR-21 expression profiles were detected
by qRT-PCR assay in blood with lung cancer. The expression
level of miR-21 was 1947.26 pg/ml in lung cancer patients
and 943.42 pg/ml in controls. A significant difference in the
expression levels of miR-21 was detected between lung cancer
patients at diagnosis and controls (P=0.005). Subsequently,
the result was compared to previous studies. The assessment
of miR-21 expression may serve as a potential diagnostic
biomarker for lung cancer. Furthermore, all 4 stage I lung
cancer patients were identified by measuring miR-21 expres-
sion in peripheral blood compared with controls, indicating
that miR-21 may serve as a biomarker for the early detection
of lung cancer (8,17).

No association was observed between the overexpression
of miR-21 in peripheral blood of lung cancer patients and the
various histological types and clinical stages, suggesting that
the genetic change is not specific to histologic type (P=0.389)
and clinical stage (P=0.448). Similar results were obtained for
age and gender. These results were consistent with other scien-
tific studies (8,17,19). However, the small sample size used in
this study caused the broad confidence intervals observed in
the regression model. Accordingly, further study is necessary
to evaluate the association between miR-21 expression and
clinical features in a large sample size, to determine whether
or not such a correlation exists.

Although the detection of miR-21 expression in the peri-
pheral blood appears to be more sensitive and specific than
in sputum in the detection of lung cancer (8,17), the 78.80%
sensitivity rate is not sufficiently efficient for routine clinical
application. It may be that a single miRNA is not sufficient
to identify a tumor, thus more miRNAs should be used to
detect lung carcinoma. Therefore, panels of tumor-specific
miRNA biomarkers in peripheral blood should be developed
as tools for the highly sensitive and specific diagnosis of lung
cancer. Once confirmed, the peripheral blood miRNA panel
would improve the detection rate for lung cancer, as it is more
difficult to realize using conventional techniques.

In conclusion, although a small sample size was used in
this study, the detection of miR-21 expression in peripheral
blood distinguished patients with lung cancer from controls
with a high specificity in the Chinese population. miR-21
levels in peripheral blood may serve as a potential molecular
marker for lung cancer and provide a new approach for the
diagnosis of lung cancer.
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