
 

 

Introduction     
 
Lung cancer is the leading cause of cancer-
related deaths in both men and women world-
wide, as well as in the United States [1]. Since 
there is no validated population-based screen-
ing procedure available, most patients with lung 
cancer are diagnosed at advanced stages with 
an overall five-year survival rate of only 15% [1]. 
To improve the outcome of the lung cancer pa-
tients, multiple large scale clinical trials to vali-
date screening procedures including chest X-
rays, sputum cytology, chest CT, or a combina-
tion  have been conducted, but none have 
shown to significantly improve overall mortality 
over the past 25 years [2]. Recently a large well-
designed National Lung Screening Trial (NLST) 

showed that the low-dose helical CT screening 
in an older, high-risk population reduced lung 
cancer mortality by 20% [3, 4]. However, recent 
studies also indicated that among 20 to 60% of 
abnormalities by screening CT scans most of 
them are not lung cancer [4, 5]. The high rate of 
a false positive result may cause anxiety for the 
individuals or even lead to unnecessary biop-
sies or surgery. Therefore, development of a 
reliable, noninvasive, and cost-effective confir-
matory test would reduce the overdiagnosis and 
facilitate the implementation of screening CT 
scan procedure in the near future [5].  
 
MicroRNAs (miRNAs) are a class of small non-
coding cellular RNAs that regulate gene expres-
sion at the posttranscriptional level [6]. Many 

Int J Clin Exp Pathol 2011;4(6):575-586 
www.ijcep.com /IJCEP1108001 
 

Original Article  
Plasma microRNAs as novel biomarkers for early detection 
of lung cancer 
 
Dali Zheng1,2, Shadi Haddadin3, Yong Wang4, Li-Qun Gu4, Michael C. Perry3, Carl E. Freter3, and Michael X. 
Wang1 
 
1Department of Pathology and Anatomical Sciences, Ellis Fischel Cancer Center, University of Missouri School of 
Medicine, 115 Business Loop 70 West, Columbia, MO 65203, USA; 2Department of Biochemistry and Molecular 
Biology, Fujian Medical University, 88 Jiaotong Rd, Fuzhou, 350004, P. R. China; 3Division of Hematology/Medical 
Oncology, Department of Internal Medicine, Ellis Fischel Cancer Center, University of Missouri, 115 Business Loop 
70 West, Columbia, MO 65203, USA; 4Department of Biological Engineering and Dalton Cardiovascular Research 
Center, University of Missouri, Columbia, MO 65211, USA. 
 
Received July 22, 2011; accepted August 5, 2011; Epub August 8, 2011; published August 15, 2011 
 
Abstract: A diagnosis of lung cancer at its early stages is vital for improving the survival rate of patients. MicroRNAs 
(miRNAs), a family of 19- to 25-nucleotide non-coding small RNAs, are frequently dysregulated in lung cancer. The 
objective of this study was to investigate the potential of circulating miRNAs for early detection of lung cancer. We 
searched the published literature for the miRNA microarray data of primary lung cancer and selected 15 miRNAs that 
were most frequently up-regulated in lung cancer tissues. Total plasma RNA including miRNAs was isolated, polyade-
nylated and reverse-transcribed into cDNAs. The levels of miRNAs were determined by real-time RT-PCR in 74 lung 
cancer patients and 68 age-matched cancer-free controls. We found that the levels of miR-155, miR-197, and miR-
182 in the plasma of lung cancer including stage I patients were significantly elevated compared with controls 
(P<0.001). The combination of these 3 miRNAs yielded 81.33% sensitivity and 86.76% specificity in discriminating 
lung cancer patients from controls. The levels of miR-155 and miR-197 were higher in the plasma from lung cancer 
patients with metastasis than in those without metastasis (P<0.05) and were significantly decreased in responsive 
patients during chemotherapy (P<0.001). These results indicate that miR-155, miR-197, and miR-182 can be poten-
tial non-invasive biomarkers for early detection of lung cancer. 
 
Keywords: Plasma microRNA, lung cancer, real-time RT-PCR, early diagnosis, metastasis, prognosis  



Plasma microRNAs as biomarkers for lung cancer  

 
 
576                                                                                                       Int J Clin Exp Pathol 2011;4(6):575-586 

genes involving in basic biological functions 
such as cellular proliferation, differentiation, 
and apoptosis are targets of miRNAs. Accord-
ingly, numerous studies have identified aberrant 
miRNA expression profiles in many types of hu-
man diseases including cancer [7]. Profiles of 
miRNA expression differ between normal tis-
sues and tumor tissues and vary among tumor 
types [8]. Therefore, miRNAs can potentially be 
used as biomarkers in the diagnosis and classi-
fication of human malignancies. Moreover, the 
high stability of miRNAs constitutes an enor-
mous advantage from a clinical diagnostic point 
of view. It allows an efficient isolation from clini-
cal specimens including sputum [9], plasma [10
-12], serum [13], and even formalin-fixed paraf-
fin-embedded tissue samples stored for 10 
years [14]. Investigation of cancer-specific 
miRNAs in the circulation is an emerging and 
exciting field of study. In this study, we evalu-
ated the plasma levels of miRNAs in patients 
with or without lung cancer and the stability of 
plasma miRNAs in the clinical laboratory setting 
to validate it as an acceptable biomarker for 
early diagnosis in patients with lung cancer.  
 
Materials and methods 
 
Patients and samples 
 
Following an Institutional Research Board (IRB) 
approval, blood samples were collected from 74 
patients with lung cancer, and 68 age-matched 
patients with no current or previous malignancy 
as controls. The lung cancer patients included 
23 squamous cell carcinoma, 18 adenocarci-
noma, 17 small cell carcinoma, 7 large cell car-
cinoma, and 9 others (carcinoid or mixed tu-
mor). These patients were at various clinical 
stages including 21 stage I, 12 stage II, 11 
stage III and 30 stage IV, as determined accord-
ing to the International Association for the Study 
of Lung Cancer staging system (Table 1). Fresh 
whole blood samples in EDTA preservative were 
centrifuged at 1,600 g for 10 min at room tem-
perature, and the plasma was collected and 
stored at -80°C until use.  
 
Plasma RNA extraction 
 
Total RNA containing small RNA was extracted 
from 350µl of plasma using miRVana PARIS Kit 
(Ambion, Austin, TX) according to the manufac-
turer’s protocol. The final elution volume was 
100µl in water. The concentration and purity of 

sample RNA were determined by NanoDrop 
1000 (Thermo Fisher Scientific, Wilmington, 
DE).  
 
MicroRNA quantification by real-time RT-PCR 
 
A SYBR Green-based quantitative RT-PCR assay 
was employed for miRNA quantification in ex-
tracted plasma samples [15]. In brief, 20 µl of 
total RNA sample containing miRNA was 
polyadenylated by poly(A) polymerase (PAP, Am-
bion) and reversely transcribed to cDNA using 
SuperScript III Reverse Transcriptase 
(Invitrogen, Carlsbad, CA) according to the 
manufacturer’s instructions with a poly(T) 
adapter primer (5’GCGAGCACAGAATTAATACGA 
CTCACTATAGGTTTTTTTTTTTTTTTVN-3’) [15]. Real
-time PCR was performed using iQ SYBR Green 
Supermix (Bio-Rad, Hercuis, CA) with the miRNA 
specific forward primers (sequences as shown 
in Table 2) and the sequence complementary to 
the poly(T) adapter as the reverse primer (5’-
GCGAGCACAGAATTAATACGAC-3’) in iQ5 Real-
time PCR system (Bio-Rad). The PCR was car-
ried out as follows: initial denaturation at 95°C 
for 3min, followed by 50 cycles of 95°C for 15 s 

Table 1. Characteristics of lung cancer 
patients 

  Lung cancer (n=74) 

Age Ave 64.2 (SD 10.9, 
range from 43-87) 

Sex   
    Male 40 
    Female 34 
Tumor types   
SCLC 17 
NSCLC 48 
      AC 18 
      SC 23 
      LC 7 
Other 9 
Stages   
    Stage I 21 
    Stage II 12 
    Stage III 11 
    Stage IV 30 
Metastasis   
    YES 30 
     NO 44 
Abbreviations: SCLC, small cell lung cancer; NSCLC, 
non-small cell lung cancer; AC,  adenocarcinoma; 
SC, squamous cell carcinoma.  Ave, average. Con-
trols, n=68 including male 37, female 31. Average 
age of 61.2 with SD 14.0, ranged from 36 to 93 
years old. 
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and 60°C for 40 s and then a dissociation 
curve analysis was conducted to confirm the 
specificity. All assays were repeated three times 
in duplicates. 
 
Generation of standard curves for absolute 
quantification of miRNAs 
 
Synthetic single-stranded RNA oligonucleotides 
corresponding to the mature miRNA sequences 
(miRBase Release v.17) were purchased from 
Integrated DNA Technologies (IDT, Coralville, IA) 
(Table 2). Synthetic miRNAs were used in the 
PAP and reverse transcription (RT) reactions 
over an empirically-derived range of copies to 
generate standard curves for each of the miRNA 
SYBR PCR assays. The absolute concentration 
of miRNA into the RT reaction was converted to 
femtomole of miRNA per liter plasma (fmol/L). 
 
Characterization of the stability of plasma 
miRNAs and purified miRNAs 
 
To assess the stability of miRNAs in plasma, 
four plasma specimens were randomly selected, 

two from patients with lung cancer and two from 
cancer-free control patients. Each freshly iso-
lated plasma sample was divided into 5 parts. 
The 350 ul of aliquots from EB011 (lung can-
cer) and EB049 (control) were maintained at 4°
C for 24 h and 48 h, respectively. The other two 
aliquots from the same individuals were sub-
jected to 3 and 6 cycles of freeze-thawing and 
the last aliquots were stored at -20°C and 
served as control. Two aliquots of plasma from 
EB036 (lung cancer) and EB045 (control) were 
maintained at 37°C for 24 h and 48 h, respec-
tively. The additional two aliquots were incu-
bated with the addition of 0.01 mg/ml and 
1mg/ml RNase A (Qiagen, Valencia, CA) for 24 h 
and the last aliquots were stored directly at -
20°C and served as control.  
 
To further evaluate the stability of miRNAs in 
isolated form, the purified total RNA from indi-
vidual plasma were combined and then divided 
into 3 parts. One part was stored at -20°C as 
control, and the remaining two parts were incu-
bated at 37°C for 2 h with or without the addi-
tion of 0.01mg/ml RNase A. Two pooled RNA 
samples were tested, one from five patients 
with lung cancer and another from five control 
patients without cancer. After treatment under 
different conditions, all samples were subjected 
to RNA extraction, polyadenylation and RT reac-
tion as described. The levels of endogenous 
miRNAs (miR-155, miR-197, miR-17, and miR-
21) were measured by real-time RT-PCR. All ex-
periments were performed in duplicate and re-
peated three times. 
 
Statistical analysis 
 
The 2-sample t-test was used for all 2 sample 
comparisons and ANOVA, followed by the Tukey 
HSD post hoc test, was used to compare the 
mean response between the levels of the sub-
ject factors of interest. Due to the magnitude 
and range of miRNA levels observed, results 
were log transformed for analysis when needed. 
The sensitivity and specificity were calculated 
according to standard formulas. A multivariate 
logistic regression model was established and 
leave-one-out cross-validation was used to find 
the best logistic model. The receiver operating 
characteristic curves (ROC curve) were estab-
lished for discriminating patients with from with-
out lung cancer. The area under the ROC curve 
(AUC) was calculated in order to better identify 
microRNAs and a combination of microRNA that 

Table 2. The sequence of synthetic primers 
and single-stranded miRNAs 

Primers and miRNAs Primer Sequence 

Let-7a primer TGAGGTAGTAGGTTGTATAGTT 

Let-7b  primer TGAGGTAGTAGGTTGTGTGGTT 

miR-17  primer CAAAGTGCTTACAGTGCAGGTAG 

miR-21  primer TAGCTTATCAGACTGATGTTGA 

miR-24  primer TGGCTCAGTTCAGCAGGAACAG 

miR-106a  primer AAAAGTGCTTACAGTGCAGGTAG 

miR-125b  primer TCCCTGAGACCCTAACTTGTGA 

miR-128  primer TCACAGTGAACCGGTCTCTTT 

miR-155  primer TTAATGCTAATCGTGATAGGGGT 

miR-182  primer TTTGGCAATGGTAGAACTCACACT 

miR-183  primer TATGGCACTGGTAGAATTCACT 

miR-197  primer TTCACCACCTTCTCCACCCAGC 

miR-199b  primer CCCAGTGTTTAGACTATCTGTTC 

miR-203  primer GTGAAATGTTTAGGACCACTAG 

miR-205  primer TCCTTCATTCCACCGGAGTCTG 

miR-210  primer CTGTGCGTGTGACAGCGGCTGA 

miR-221  primer AGCTACATTGTCTGCTGGGTTTC 

miR-155 RNA UUAAUGCUAAUCGUGAUAGGGGU 

miR-182 RNA UUUGGCAAUGGUAGAACUCACACU 

miR-197 RNA UUCACCACCUUCUCCACCCAGC 
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classify samples accurately. A random classifier 
has AUC=0.5, whereas an optimal classifier with 
perfect sensitivity and 100% specificity has 
AUC= 1. All p values are two-sided and less than 
0.05 was considered statistically significant. All 
statistical calculations were performed by 
Graphpad Prism 5 software (GraphPad Soft-
ware) except the multivariate logistic regression 
which was performed by the SPSS 17.0 for Win-
dows (SPSS Inc.). 
 
Results 
 
Sensitivity, specificity, and linear range of 
miRNA quantification by real-time PCR 
 
To define the dynamic range and sensitivity of 
miRNA quantification by real-time PCR, the syn-
thesized miR-155, miR-197, and miR-182 un-
derwent poly (A) addition reaction and a reverse 
transcription reaction. The cDNA was diluted by 
ten orders of magnitude and subjected to real-
time PCR. As shown in Figure 1A, the real-time 
RT-PCR assay demonstrated excellent linearity 
between the log of miRNA concentration and 
cycle threshold (Ct) value, indicating that the 
assay had a dynamic range of 9-10 logs and 
was thus capable of detecting as few as 5 cop-
ies of miRNA per PCR reaction, and the correla-
tion coefficient was 0.998 for miR-155, 0.998 
for miR-197, and 0.999 for miR-182. 
 
To determine the specificity of real-time PCR 
assay for miRNAs, the synthesized two Let-7 
miRNA family members, Let-7a and Let-7b, 

were detected with primers specific for Let-7a 
and Let-7b, respectively. Relative detection effi-
ciency was calculated from Ct value differences 
between perfectly matched and mismatched 
targets, assuming 100% efficiency for the per-
fect match. Very low levels of non-specific ampli-
fication (less than 1%) were observed (Figure 
1B), similar to the method of stem-loop RT-PCR 
[16]. These results suggested that this SYBR 
Green-based quantitative RT-PCR assay is highly 
specific and can discriminate miRNAs that differ 
by as few as two nucleotides.  
 
Stability of plasma miRNAs and purified plasma 
miRNAs  
 
It has been reported that miRNAs were highly 
stable in sputum, plasma, and serum [9-13] in 
spite of the fact that these specimens contain 
RNase. To validate this concept and to under-
stand its mechanisms, we first sought to investi-
gate the stability of endogenous miRNAs in 
plasma samples. Aliquots of clinical plasma 
specimens were subjected to 3 or 6 cycles of 
freeze-thawing or incubated at 4°C or 37°C for 
24h and 48h. There was minimal or no effect on 
the levels of miR-155 (Figure 2A-C), miR-197 
and miR-21 (data not shown) at these condi-
tions. 

The stability of plasma miR-155 as well as miR-
197 and miR-21 (data not shown) was further 
studied by RNase A digestion. As shown in Fig-
ure 2D, plasma miRNAs showed considerable 
resistance to the enzymatic cleavage of RNase 

Figure 1. Sensitivity and specificity of miRNA quantification by a SYBR Green-based real-time RT-PCR (qRT-PCR) 
method. (A) Standard curves of miR-155, miR-197, and miR-182. The assay showed high sensitivity and a broad dy-
namic range. (B) Discrimination power (specificity) of the assay on let-7 miRNA family members. Relative detection 
(%) was calculated based on Ct value difference between perfectly matched and mismatched targets let-7a and let-
7b. 
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A. However, when purified total RNA was incu-
bated with RNase A, the endogenous miRNAs 
including miR-155, miR-21, and miR-197 were 
completely digested, no matter the samples 
came from the lung cancer patients (Figure 2E) 
or controls (Figure 2F).   
 
Identification of lung cancer-associated miRNAs 
in plasma samples 
 
Since plasma miRNAs are remarkably stable 
and readily detectible by various quantitative 
methods including real-time RT-PCR, it is rea-
sonable to hypothesize that the levels of tumor-
associated miRNAs in the circulation can be 

used as potential biomarkers for detection of 
lung cancer. First, we searched for the miRNA 
microarray data of primary lung cancer pub-
lished thus far. There are at least eight studies 
of expression profiles of miRNAs in both NSCLC 
and SCLC tissues [17-24]. We constructed a 
heat map of the expression profiles of miRNAs 
and selected 15 miRNAs (miR-17, 21, 24, 
106a, 125b, 128, 155, 182, 183, 197, 199b, 
203, 205, 210 and 221) that were reported to 
be most frequently up-regulated in primary lung 
cancer tissues (Figure 3A).   
 
To explore the potential of these 15 miRNAs as 
circulating biomarkers for lung cancer, we deter-

Figure 2. The stability of miRNAs in plasma. Aliquots of two clinical patient plasma samples were subjected to up to 
six cycles of freeze-thaw (A) or incubated at 4ºC (B) or 37ºC (C) for up to 48 h, or digested with addition of different 
concentrations of RNase A (D). Then miRNAs were extracted and miR-155 was quantified with qRT-PCR. Data was 
shown in Ct value. E-F, Pools of extracted total RNA from samples of lung cancer patients (E) and normal controls (F) 
were subjected to incubation in 37 oC for 2 h with or without RNase A digestion. The levels of miR-155, miR-21 and 
miR-197 were determined and the data was shown as relative level of miRNAs normalized with the original level.  
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mined the levels of these miRNAs in 6 plasma 
samples from patients with lung cancer and 6 
plasma samples from healthy cancer-free indi-
viduals. Six out of 15 miRNAs (miR-155, 197, 
182, 21, 128, and 183) were demonstrated to 
be significantly elevated in plasma from pa-
tients with lung cancer compared with that of 
controls (Figure 3B, P<0.05). 
 
Clinical validation of miRNA biomarkers in pa-
tient plasma samples 
 
To further evaluate the diagnostic value of 
these selected miRNAs, the levels of miR-155, 
197, 182, 21, 128, and 183 were measured on 
a total 142 plasma samples, including 74 sam-
ples of lung cancer patients at various stages 
and 68 samples of cancer-free age-matched 
controls (Table 1).  Because there was no con-
sensus on the use of housekeeping miRNA for 
plasma qRT-PCR quantification [10-13, 20, 25], 
we decided to measure miRNA expression lev-
els converted to absolute concentration in fmol/
L by using a dilution series of known input quan-
tities of synthetic miRNA run simultaneously (on 
the same plate) as the experimental samples. 
The levels of the three miRNAs (miR-155, miR-
197, and miR-182) were significantly higher, in 
average, in the lung cancer cohort than in con-

trols (P<0.001), corresponding to an average 
fold-change of 17.08, 10.46 and 9.74, respec-
tively (Figure 4A-C, left panels). ROC curve 
analysis showed that all of these three miRNAs 
could differentiate lung cancer from controls 
with an AUC of 0.8648 for miR-155 (95% CI: 
0.8011-0.9329, P<0.001), 0.8792 for miR-197 
(95% CI: 0.8254-0.9330, P<0.001), and 
0.7081 for miR-182 (95% CI: 0.6246-0.7916, 
P<0.001), respectively (Figure 4A-C, right pan-
els). The predicted values of logistic regression 
showed significant difference between these 
two groups (Figure 4D, left panel, P<0.001) and 
combination ROC analysis revealed increased 
AUC value to 0.9012 (Figure 4D, right panel, 
95% CI: 0.8511-0.9513, P<0.001) with 81.33% 
sensitivity and 86.76 % specificity. However, the 
other 3 miRNAs, miR-21, miR-128 and miR-183 
showed no significant difference although they 
elevated in lung cancer samples (data not 
shown). 
 
Relationship between plasma levels of miR-
155, miR-197, miR-182 and patient clinical 
status 
 
Next, we examined the correlation between the 
plasma levels of these 3 miRNAs with patient 
clinical parameters. No significant association 

Figure 3. MicroRNA selection and screening by qRT-PCR analysis. (A) Heat map clustering of miRNA microarray data 
from 8 published references (corresponding reference number in brackets), showing certain degree of consistency of 
the most up-regulated miRNAs (in red) and fewer down-regulated miRNAs (in green) in primary tumor tissues. (B) A 
total of 15 miRNAs, which were most frequently up-regulated in lung cancer tissues selected from published data (A), 
were used for screening in 6 plasma samples of lung cancer patients and 6 of normal individual controls by qRT-PCR.  
Six out of 15 miRNAs (miR-21, 128, 155, 182, 183, 197) were found significantly elevated in plasma from patients 
with lung cancer compared with controls. Difference of Ct values between lung cancer and control was shown. Note: 
**, P<0.01; *, P<0.05. 
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was found between the levels of these three 
miRNAs and sex, age, smoke history, nodal 
status or histological types of tumor, respec-
tively (P>0.05, data not shown), while the 
plasma levels of miR-155 and miR-197, but not 
miR-182, in the patients with metastasis were 
significantly higher than in those without metas-
tasis (P<0.05, Figure 5A). Patients were further 
stratified based on the TNM staging of lung can-
cer. As shown in Figure 5B, the levels of all 3 
miRNAs were not significantly different between 
the stages, however, each of the 4 stages in-
cluding stage I patients had significantly ele-

vated plasma miR-155, miR-197, and miR-182 
levels when compared with the cancer-free con-
trols (Figure 5B, P<0.01).  To explore the value 
of these 3 miRNAs in monitoring of treatment 
effectiveness by chemotherapy, their plasma 
levels were measured in an independent set of 
14 patients with lung cancer in early and late 
phases of chemotherapy. It was found that the 
levels of miRNA-155, miR-197, and miR-182 
were significantly reduced after treatment 
(P<0.01 for miR-155 and miR-197, P<0.05 for 
miR-182) (Figure 6) in the majority of respon-
sive patients.   

Figure 4. Validation of miR-155, miR-197 and miR-182 in plasma samples of 74 lung cancer patients and 68 cancer-
free patient controls. A-C, Scatter plots of plasma levels of miR-155 (A), miR-197 (B) and miR-182 (C) on left panels 
and receiver operating characteristics (ROC) curve analysis of plasma miR-155 (A), miR-197 (B) and miR-182 (C) on 
right panels for discriminating lung cancer from control. Ct values were converted to absolute number of miRNA mole-
cules in fmol/L by using a dilution series with known input quantities of synthetic miRNA standard run simultaneously 
(on the same plate). Concentration of miRNAs was shown as log 10 scale on the Y-axis. (D) Scatter plots of predicted 
value after logistic regression (left panels) and combination ROC curve (right panels) for discriminating lung cancer 
from controls. The lines represent the mean value and the bars show the SE. The area under the curve (AUC) and 
95% Confidence Interval (CI) are shown in the corresponding charts.   

Figure 5. Correlation of plasma levels of miRNAs and patient clinical status. (A) Box plots of plasma levels of miR-155, 
miR-197 and miR-182 in lung cancer patients without metastasis (n=44) or with metastasis (n=30). Note: *, P<0.05.  
(B) Box plots showing plasma levels of miR-155 (left panel), miR-197 (middle panel) and miR-182 (right panel) in 
control subjects (n=68) and lung cancer patients with different TNM stages (I, n=21; II, n=12; III, n=11; IV, n=30). The 
lines inside the boxes denote the medians. The boxes mark the interval between 25th and 75th percentiles. The 
whiskers denote the interval between the 5th and 95th percentiles. Filled circles indicate data points outside the 5th 
and 95th percentiles.  
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Discussion 
 
Human cancers commonly exhibit an altered 
expression profile of miRNAs with oncogenic or 
tumor-suppressive activity [6-8]. Recent studies 
have revealed that cancer-associated miRNAs 
play important roles in tumorigenesis and may 
serve as diagnostic and prognostic biomarkers 
in cancer including lung cancer [5, 25-28]. In 
the present study, we focused on the plasma 
levels of miR-155, miR-197, and miR-182 in 
lung cancer patients. Our results demonstrate 
that these cancer-associated miRNAs can po-
tentially serve as novel noninvasive biomarkers 
for the early detection and diagnosis of lung 
cancer. It was found that the levels of miR-155, 
miR-197, and miR-182 were significantly ele-
vated in the plasma of lung cancer patients in 
comparison to cancer-free control subjects 
(17.08-fold, 10.46-fold and 9.73-fold changes, 
respectively), and these changes could discrimi-
nate lung cancer from cancer-free controls with 
high specificity and sensitivity (Figure 4A, B, C). 
Combination of these three miRNAs further in-
creased the discrimination power (81.33% sen-
sitivity and 86.76% specificity, Figure 4D). Im-
portantly, all three circulating miRNAs were sig-
nificantly elevated in patients with stage I lung 
cancer as well as other stages compared with 
cancer-free controls (Figure 5B) although there 
is no difference among the stages, suggesting 
their potential value for early detection of lung 
cancer and reduction of false positive rate by 
screening CT scans [3-5]. In addition, the 
plasma levels of  miR-155 and miR-197 (but not 

mR-182) were significantly elevated in metas-
tatic cancer patient and all 3 were decreased 
after chemotherapy in the majority of clinically 
responsive cancer patients (Figure 5A and 6), 
showing they may be prognostic factors and for 
monitoring response to therapy.  Most recently, 
Shen et al [29] reported that the plasma level of 
4 miRNAs (miR-21, -126, -210, and 486-5p) can 
discriminate non-small cell lung cancer (NSCLC) 
patients from the healthy controls with 86.22% 
sensitivity and 96.55% specificity, which sup-
ports the hypothesis that plasma miRNAs can 
serve as biomarkers for early detection of lung 
cancer, although the selection of miRNAs needs 
further study. 
 
Results from recent studies have revealed the 
remarkable stability of miRNAs in various clini-
cal samples [9-13, 29]. It was found that en-
dogenous plasma miRNAs exist in a form that is 
resistant to 4°C or 37°C incubation, freeze-
thaw cycles, and even to RNase activity [10, 
29]. The results of our study confirmed these 
important features in the clinical diagnostic set-
ting (Figure 2).  The mechanisms by which 
miRNAs are protected from endogenous RNase 
activity are still unknown. One tantalizing hy-
pothesis is that they are packaged inside 
exosomes that are secreted from somatic cells, 
including cancer cells [30]. Other explanations 
include protection via association with other 
molecules or modifications of the miRNAs, or 
secondary structure of miRNA that make them 
resistant to RNase activity [27]. Our results 
showed that plasma miRNAs were resistant to 

Figure 6. The changes of plasma levels of miR-155 (A), miR-197 (B) and miR-182 (C) in patients with lung cancer 
(n=14) at early and late phases of chemotherapy. Concentration of miRNAs was shown as log 10 scale on the Y-axis.  
Note: **, P<0.01; *, P<0.05.    
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RNase, but the same miRNAs purified with re-
agents containing detergent that disrupts 
biomembrane were sensitive to RNase (Figure 
E, F), which indicated that plasma miRNAs may 
be protected by the membrane of exosomes. 
 
The first identified over-expressed miRNA in 
plasma of lung cancer patients was miR-155. As 
a typical multifunctional miRNA, miR-155 has 
distinct expression profiles and plays a crucial 
role in various physiological and pathological 
processes such as hematopoietic lineage differ-
entiation, immunity, inflammation, cardiovascu-
lar diseases, and cancer [31]. In cancer, miR-
155 was shown as an oncogenic microRNA in 
many studies [32, 33]. The results of microRNA 
profiling studies indicated frequent increase of 
miR-155 in various types of human malignancy, 
including lung cancer [23], pancreatic adeno-
carcinoma [33], and other solid tumors [6, 7, 
27]. The studies have also demonstrated an 
association of elevated miR-155 with late stage 
and poor overall survival in squamous cell carci-
noma of lung [23] and pancreatic adenocarci-
noma [33]. MiR-155 can be detected in the 
exosomes purified from the plasma of lung can-
cer patients and can not be detected in control 
samples [30], suggesting it can serve as a blood
-based biomarker for cancer detection. Our find-
ings support these observations.  Recently, 
Heegaard et al reported that serum miR-155 in 
lung cancer patients was decreased compared 
with non-cancer control group, but increased 
when European American patients were com-
pared with African American patients [34].  The 
reason for this discrepancy was not clear, but 
may be related to aged samples [34]. 
 
Although the fold-change of miR-197 was less 
than that of miR-155 in plasma of lung cancer 
patients (10.46 vs. 17.08 folds, Figure 4A and 
B, left panels), it was the most useful biomarker 
in discriminating lung cancer from cancer-free 
control subjects (yielding an AUC of 0.894 with 
73.3% sensitivity and 83.8% specificity, Figure 
4B, right panel). Similar to miR-155, the levels 
of miR-197 were significantly higher in the 
plasma from patients with metastasis than 
those without metastasis (Figure 5A). The 
miRNA profiling studies showed that miR-197 
was over-expressed in the primary lung cancer 
tissue [17, 19] and could be detected by Solexa 
sequencing only in the serum of lung cancer 
patients [13]. This is the first report of the quan-
titative assessment of plasma miR-197 in lung 

cancer patients and our results demonstrate 
that it can be a useful non-invasive biomarker 
for early lung cancer detection. 
 
MiR-182 has been described to be over-
expressed in lung cancer tissue [17, 18]. Ec-
topic expression of miR-182 in an epithelial 
ovarian cancer cell line significantly promoted 
tumor growth in vivo, suggesting a role of miR-
182 as a putative oncogene [35]. In this study, 
we demonstrated that miR-182 was significantly 
elevated in plasma of patients with lung cancer 
(Figure 4C, 5B).  
 
In conclusion, differentially altered circulating 
cancer-related miRNAs in plasma samples of 
lung cancer patients have been studied in this 
report. MiR-155, miR-197, and miR-182 have 
high specificity and sensitivity to discriminate all 
stages including stage I of lung cancer from 
cancer-free controls. These markers, once vali-
dated in a large-scale clinical trial, may be used 
as a non-invasive confirmatory screening test 
complementary to the low-dose helical CT 
screening procedure in the near future and also 
used as a clinical test for monitoring and clinical 
follow-up for patients with lung cancer.  
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