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Decreased expression of miR-204 in plasma is associated with
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Abstract. In order to identify novel non-invasive biomarkers
with high accuracy for the screening of non-small cell lung
cancer (NSCLC), we investigated the predictive power of
4 microRNAs (miR-146, miR-204, miR-106a and miR-124)
in plasma samples obtained from patients with NSCLC and
healthy controls (n=50; training phase) by reverse transcrip-
tion-quantitative polymerase chain reaction (RT-qPCR). We
found that the levels of miR-204 in the patients with NSCLC
were significantly dysregulated compared with the healthy
controls, and thus this miRNA was selected for further vali-
dation. For the validation phase, RT-qPCR was performed
on plasma samples from patients with NSCLC and healthy
controls (n=176) in order to examine the expression levels of
the candidate miRNA, miR-204. The results revealed that
the plasma levels of miR-204 were significantly downregu-
lated in the patients with NSCLC compared with the healthy
controls (p<0.001). The value of the area under the receiver
operating characteristic (ROC) curve obtained for miR-204
was 0.809 (sensitivity, 76%; specificity, 82%), which was higher
than the values obtained for carcinoembryonic antigen (CEA)
and carbohydrate antigen 19-9 (CA19-9). The expression of
miR-204 in plasma significantly correlated with the tumor
stage (p=0.009) and distant metastasis (p=0.048). A log-rank
test revealed that lower plasma levels of miR-204 were associ-
ated with a shorter overall survival and disease-free survival
(p=0.006 and 0.0065, respectively). Both univariate and multi-
variate Cox regression analyses indicated that a lower miR-204
expression level in plasma was a prognostic factor with a rela-
tive risk of death of 1.936 and 1.712, respectively. On the whole,
our results suggest that the decreased expression of miR-204 in
plasma is a promising biomarker for the detection of NSCLC
and the prediction of poor survival in patients with the disease.
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Introduction

Lung cancer still remains the most common type of cancer
and the leading cause of cancer-related mortality worldwide,
particularly in China (1,2). Although there have been recent
advances in surgical resection and chemoradiation therapy, the
prognosis for patients with lung cancer, particularly non-small
cell lung cancer (NSCLC), remains poor, with a 5-year survival
rate of no more than 15%, which has not improved over the
past years (3). The lack of an effective biomarker for the early
screening and detection of NSCLC is the reason for that the
majority of NSCLC cases are diagnosed at advanced stages,
which leads directly to a high mortality rate in patients with
this type of cancer. Therefore, the identification of non-invasive
biomarkers is urgently required to complement and advance
current diagnostic and prognostic tools for NSCLC.

MicroRNAs (miRNAs or miRs) are endogenously expressed
non-coding RNA molecules that cause mRNA translation, inhi-
bition or degradation via direct base-pairing interactions, which
mainly repress the expression of several putative targets post-tran-
scriptionally (4). Moreover, previous research has demonstrated
that miRNAs are abnormally expressed in various types of cancer,
and act as oncogenes or tumor-suppressor genes to regulate a wide
range of biological processes, such as tumorigenesis, differentia-
tion, proliferation, apoptosis, tumor invasion and metastasis (5,6).
The dysregulation of specific miRNAs can also serve as an effec-
tive biomarker for predicting prognosis in patients with various
types of cancer, including NSCLC (7-9). More importantly,
certain studies have indicated that circulating miRNAs are stable
enough to be detected in serum and plasma (10,11), and thus may
be promising non-invasive biomarkers for the early detection and
prognosis of cancers. Indeed, previous studies have demonstrated
that miRNAs in plasma may be utilized as novel diagnostic or
prognostic biomarkers in various types of cancer, including
colorectal cancer (12), prostate cancer (13), breast cancer (14) and
gastric cancer (15).

Of these aberrantly expressed miRNAs, 4 common miRNAs
(miR-124, miR-204, miR-146 and miR-106a) have been shown
to be associated with tumor-related biological processes, and
are dysregulated in patients with cancer, compared to healthy
individuals. miR-204 is located at chromosome 9q21.12, and
recent studies have found that it is downregulated in gastric
cancer (16), breast cancer (17), renal cell carcinoma (18), and
NSCLC (19). Functionally, the overexpression of miR-204 in
cancer cells inhibits migration and proliferation, and promotes
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apoptosis (20-23). Moreover, it has also been reported that
miR-124, miR-146 and miR-106a act as oncogenic or tumor-
suppressor genes which are involved in tumor progression.
However,to the best of our knowledge, no previous research
to date has focused on the correlation between the expression
levels of miR-124, miR-204, miR-146 and miR-106a in plasma
and NSCLC. Therefore, we conducted this study to evaluate
whether these 4 miRNAs could serve as useful biomarkers in the
screening of NSCLC.

For the purposes of our study, we examined previous studies
and found that the plasma levels of 4 miRNAs (miR-124,
miR-146, miR-204 and miR-106a) appear not to have been
studied in relation to NSCLC. Thus, we first measured the
expression levels of these miRNAs in plasma samples from
patients with NSCLC (training phase). Of these tested miRNAs,
only miR-204 was found to be dysregulated in the patients with
NSCLC, and thus it was selected for further analysis. In the
validation phase, we evaluated the expression levels of miR-204
in patients with NSCLC (n=126) and healthy controls (n=50) to
determine whether a correlation exists between its expression
and the clinicopathological parameters of patients with NSCLC.
We also compared the diagnostic sensitivity and specificity of
plasma miR-204 levels with those of conventional NSCLC
biomarkers, such as carbohydrate antigen 19-9 (CA19-9) and
carcinoembryonic antigen (CEA) in blood.

Subjects and methods

Subjects and tissue samples. The study population consisted
of 151 plasma samples obtained from patients with NSCLC
who underwent primary surgical resection at the Department
of Thoracic Surgery, Zhongshan Hospital of Fudan University
(Shanghai, China), between January 2009 and May 2011.
We obtained blood samples from patients prior to surgery.
In addition, 15 cases were randomly selected for collecting
blood samples post-operatively. Patients who had received
pre-operative chemo- or radiotherapy were excluded from this
study. Clinical information on histological type, tumor stage
and lymph node involvement was obtained from medical
records. Patients who had stopped smoking for over 2 years
were defined as former smokers. All patients were regularly
followed-up post-surgery though clinical visits or through tele-
phone communications. Two surgical pathologists performed
histological evaluations of the tumors. All cases of cancer
were staged according to the guidelines of the tumor- node-
metastasis (TNM) classification of the Union for International
Cancer Control (UICC). A total of 75 age- and gender-matched
healthy controls were also selected, including smokers and
non-smokers, but with no history of tumors.

This study was approved by the Ethics Committee of
Zhongshan Hospital of Fudan University. All patients provided
written informed consent indicating their willingness to donate
their blood for scientific research.

Study design. This study was divided into 2 phases, the training
phase and validation phase. In the training phase, we selected
25 patients with early-stage NSCLC and 25 age- and gender-
matched healthy controls to compare the expression profiles of
these 4 miRNAs between patients with NSCLC and healthy
individuals. According to the training set results, we found
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that some of the miRNAs exhibited statistically significant
differences in expression, and we thus conducted a validation
experiment to further examine the diagnostic and prognostic
performance of these miRNAs. In the validation set, plasma
samples were collected from 126 patients with NSCLC and
50 healthy controls.

Plasma preparation and RNA extraction. Plasma samples
were obtained by centrifugation of the peripheral blood (3 ml,
collected in EDTA-K2 anti-coagulant tubes) at 3,000 rpm
for 20 min and at 12,000 rpm for 10 min at 4°C. The plasma
samples were aliquoted and stored in fresh tubes at -80°C for
the further analysis.

Total RNA (including miRNAs) from plasma samples
was extracted using the miRNeasy mini kit (Qiagen Inc.,
Valencia, CA, USA) according to the manufacturer's
instructions, and dissolved in 20 ul RNase-free water. The
concentration and quality of the isolated RNA were assessed
on a NanoDrop ND-1000 Spectrophotometer (NanoDrop
Products, Wilmington, DE, USA). RNA samples were stored at
-80°C until further use.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). The reverse transcription reaction was
conducted using a TagMan microRNA Reverse Transcription
kit (Applied Biosystems, Foster City, CA, USA) in a 15 ul
solution consisting of 5 ul RNA template, 1.5 ul 10X reverse
transcription buffer, 1 ul MultiScribe reverse transcriptase,
0.15 pl of 100 mM dNTPs, 0.19 ul of RNase inhibitor (20 U/ul),
1 ul of gene-specific primer, and supplemented with nuclease-
free water. For the synthesis of complementary DNA (cDNA),
the reaction mixtures were incubated at 16°C for 30 min, at
42°C for 30 min, and at 85°C for 15 min and then held at 4°C.

RT-qPCR was used to quantify the expression levels of
the miRNAs. Each amplification reaction was carried out in
a final volume of 20 pl containing 2 ul of the cDNA (100 ng),
10 ul of TagMan 2X Universal PCR Master Mix with
No AmpErase UNG (Applied Biosystems), 1 ul of gene-specific
primer, and 7 ul of nuclease-free water. The ABI Prism 7300
RT-gPCR system (Applied Biosystems) was used to detect the
plasma miRNA levels. The PCR conditions consisted of an
initial polymerase activation step at 95°C for 10 min, 46 cycles
of 95°C for 15 sec and 60°C for 1 min. Each reaction was
performed in triplicate. The expression levels of the miRNAs
in plasma were normalized to the levels of small nuclear
RNU6B (U6) and were calculated using the 224" method, as
previously described (24).

Measurement of CA19-9 and carcinoembryonic levels in
serum. Serum levels of CA19-9 and CEA are generally used in
the diagnosis of many types of cancer, including NSCLC (25).
In this study, serum CA19-9 and CEA levels in patients with
NSCLC and healthy individuals were measured by chemilumi-
nescent enzyme immunoassays (Fujirebio, Inc., Tokyo, Japan)
according to the manufacturer's instructions. In brief, 50 ul of
antigen and 50 pl of antibody were added to the microwell and
thoroughly mixed for 30 sec. Subsequently, 5 washings were
performed, after which 50 ul of chemiluminescence substrate
were added, and the mixture was incubated at room tempera-
ture in the dark.
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Statistical analysis. The SPSS 16.0 software package
(SPSS Inc., Chicago, IL, USA) and GraphPad Prism 5.0
statistical software (GraphPad Software Inc., La Jolla, CA,
USA) were utilized for all statistical analyses. The expression
levels of miRNAs were calculated based on the 224 method,
and were analyzed as the means + standard deviation (SD).
The independent two-sample Student's t-test was used to
analyze the correlations between miR-204 expression and the
clinicopathological variables of the patients. The Kruskal-
Wallis test was performed to compare the expression of
miR-204 in different types of lung cancer. Receiver-operating
characteristic (ROC) curves of miR-204, CA19-9 and CEA
were generated to differentiate the patients with NSCLC from
the healthy controls. The optimal cut-off value for diagnosis
was obtained using Youden's Index (sensitivity + specificity -1
is maximal), as previously described (26). The Kaplan-Meier
method was used for survival analysis, and the differences in
survival curves were compared using the log-rank test. Cox
regression analysis was used to estimate the univariate and
multivariate hazard ratios for prognosis. All p-values shown
are two-sided, and a p-value <0.05 was considered to indicate a
statistically significant difference.

Results

Expression of miRNAs in the training set. Of the 25 patients
with NSCLC in the training set, 8 patients had stage I and 17 had
stage II NSCLC, 12 had adenocarcinoma, 8 had squamous cell
carcinoma and 5 had another subtype of NSCLC (Table I).
A total of 25 healthy individuals was selected as the normal
controls. The age and gender of the healthy controls were
matched with those of the patients with NSCLC. Firstly, we
measured the expression levels of miR-124, miR-146, miR-106a
and miR-204 in plasma from 25 patients with NSCLC and
25 healthy controls. We observed a significant difference in the
levels of miR-204 in plasma between the patients with NSCLC
and the healthy controls (0.018+0.008 in tumors vs. 0.057+0.034
in controls, p<0.001), whereas the difference in the expression
levels of miR-146 (0.037+0.029 in tumors vs. 0.026+0.013 in
controls), miR-106a (0.064+0.045 in tumors vs. 0.055+0.039 in
controls) and miR-124 (0.014+0.010 in tumors vs. 0.019+0.013
in controls) in plasma between the patients with NSCLC and
the controls were not deemed statistically significant (Fig. 1).
Thus, we selected miR-204 for further analysis.

Diagnostic performance of plasma miR-204 for NSCLC. In
the validation set, the plasma levels of miR-204 in 126 patients
with NSCLC and 50 healthy controls (patient characteristics
in the validation set are shown in Table II) were measured by
RT-qPCR. The expression levels of miR-204 in plasma were
significantly decreased in the patients with NSCLC compared
to the healthy controls (0.016+0.013 vs. 0.051+0.041,
p<0.001) (Fig. 2A). In addition, as shown in Fig. 2B, the
plasma levels of miR-204 in the patients with stage IV
NSCLC were much lower than those in the patients with
stage I NSCLC (p=0.011), whereas no significant differences
were observed between the patients with stage II and IV of
the disease, or between those with stage III and IV of the
disease (p>0.05). Moreover, the expression levels of miR-204
in plasma were found to be re-decreased in 8 patients who
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Table I. Characteristics of patients in training set.

Characteristics No. of patients (n=25)
Gender

Male 16

Female 9
Age (years)

<60 10

=60 15
Smoking history

Never, former 9

Current 16
Histological type

Adenocarcinoma 12

Squamous cell carcinoma 8

Others 5
TNM staging

I 8

11 17
Lymph node metastasis

No 9

Yes 16

Smoking history: former, stopped smoking for >2 years; never, no
smoking history; current, current smoker.

developed post-operative recurrence of distant metastasis
during follow-up examinations (Fig. 2C).

In order to evaluate the diagnostic capabilities of the plasma
levels of miR-204, and serum levels of CEA and CA19-9 for
NSCLC, ROC curve analysis was performed. The optimal
cut-off value for plasma miR-204 levels in the patients with
NSCLC was 0.023, which provided a sensitivity of 76% and
a specificity of 82%, with an area under the curve (AUC)
value of 0.809, which was used for differentiating the patients
with NSCLC from the healthy controls. Two conventional
NSCLC markers, CEA and CA19-9, were also measured in
all subjects. At a cut-off value of 5.6 for the CEA expression
levels, the optimal sensitivity and specificity were 70 and 72%,
respectively. At a cut-off value of 51.9 for the CA19-9 expres-
sion levels, the optimal sensitivity and specificity were 57
and 84%, respectively. The AUC for the plasma level of plasma
miR-204 was significantly larger than that for CEA (0.724) or
CA19-9 (0.686) (Fig. 3), indicating that the plasma miR-204
levels are superior to the serum levels of CEA or CA19-9 for
the detection of NSCLC.

Correlation between plasma miR-204 and clinicopatho-
logical characteristics. We evaluated the correlation of plasma
miR-204 with clinicopathological parameters, including
gender, age, TNM stage and histological type. These data are
summarized in Table II. The low level of plasma miR-204 was
found to significantly correlated with TNM stage (p=0.009) and
distant metastasis (p=0.048), whereas no significant correlation
between miR-204 and gender, age, differentiation, histological
type and lymph node involvement was observed.
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Figure 1. Expression level of target miRNAsS in the plasma of patients with non-small cell lung cancer (NSCLC) and healthy controls in the training phase.
Expression levels of miRNAs are presented as the means + SD. (A) miR-146. (B) miR-204. (C) miR-106a. (D) miR-124. NS, no significance.
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Figure 2. Expression levels of miR-204 in plasma samples in the validation phase. (A) The miR-204 expression levels in plasma were significantly higher in
patients with non-small cell lung cancer (NSCLC) (n=126) than in the healthy controls (n=50) (p<0.001). (B) The miR-204 expression level was significantly
decreased in patients with stage IV of the disease when compared with that in patients with stage I of the disease, p=0.011. (C) The miR-204 expression levels
were significantly higher in plasma obtained post-operatively than those in plasma obtained pre-operatively (p=0.002), and in 8 cases, the plasma miR-204
levels were re-downregulated when patients developed post-operative recurrence (p=0.019). RNU6B (U6) was used as an internal control. NS, no significance.
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Figure 3. Comparison of the receiver operating characteristic (ROC) curves for (A) miR-204 in plasma and the conventional non-small cell lung cancer (NSCLC)
markers, (B) carcinoembryonic antigen (CEA) and (C) carbohydrate antigen 19-9 (CA19-9) in serum.

Expression of miR-204 in plasma samples in relation to prog-  median relative expression levels of miR-204: the low and high
nosis. The patients were divided into 2 groups according to the  expression group. As shown in Fig. 4, the overall survival (OS)
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Figure 4. Survival analysis of patients with non-small cell lung cancer (NSCLC) grouped by the median level of miR-204. (A) The levels of miR-204 of the
high-expression group were significantly lower than that of controls, while higher than that of the low-expression group. (B and C) Kaplan-Meier analysis showed
that in patients with NSCLC with higher miR-204 expression in the plasma, this correlated with a poor overall survival (p=0.006) and shorter disease-free

survival (p=0.0065).

Table II. Patient clinicopathological characteristics and cor-
relation with plasma miR-204 expression levels.

No. of miR-204
patients  expression
Characteristics n=126 (means + SD) p-value
Gender 0.346*
Female 45 0.015+£0.012
Male 81 0.017+0.014
Age (years) 0.186°
<60 61 0.018+0.014
>60 65 0.015+0.013
Smoking condition 0.858¢
Former/never 47 0.017£0.013
Current 79 0.016£0.014
Histological type 0.359°
Adenocarcinoma 63 0.017£0.013
Squamous cell carcinoma 53 0.015+0.014
Other 10 0.019+£0.011
Differentiation 0.157*
Well/moderate 86 0.017£0.013
Poor 40 0.014+£0.014
TNM stage 0.009*
LI 66 0.019+£0.013
I, IV 60 0.014+0.014
Lymph node metastasis 0.432¢
NO 77 0.017+0.013
NI1-3 49 0.016x0.014
Distant metastasis 0.048*
No 97 0.017+0.013
Yes 29 0.013£0.014
Recurrence 0.189*
No 111 0.017£0.014
Yes 15 0.012+£0.010

“Mann-Whitney test; "Kruskal-Wallis test; SD, standard deviation,;
former, stopped smoking for over 2 years; never, no smoking history;
current, current smoker; TNM, tumor-node metastasis.

and disease-free survival (DFS) of the patients with lower
plasma levels of miR-204 were poorer than those of patients with
higher levels of miR-204 [lower (median survival = 32 months)
vs. higher (median survival = 43 months) for OS (p=0.006), and
lower (30 months) vs. higher (40 months) for DFS (p=0.0065),
respectively].

We also carried out univariate and multivariate analyses
in order to examine the prognostic significance of the clinico-
pathological characteristics and miR-204 expression. Using
Cox regression analysis, we found that a higher TNM stage
(IIT and 1V), positivity for distant metastasis, recurrence and
a low miR-204 expression significantly correlated with a
relative risk of mortality of 4.311, 12.942, 2.757 and 1.936,
respectively (Table III). All these prognostic factors were
confirmed by multivariate analysis. These data revealed that the
lower expression of miR-204 in plasma [hazard ratio (HR), 1.712;
95% confidence interval (CI), 1.038-2.825; p=0.035], a higher
TNM stage (HR, 2.215; 95% CI, 1.207-4.063; p=0.010), the
presence of distant metastasis (HR, 8.086; 95% CI, 4.176-15.657;
p=0.000) and recurrence (HR, 2.329; 95% CI, 1.251-4.334;
p=0.008) were independently associated with a significantly
increased risk of mortality (Table IIT).

Discussion

miRNAs are generally defined as regulatory molecules, and
studies have indicated that the abnormal expression of miRNAs
is associated with various types of cancer. More importantly,
miRNAs have been found to be stably expressed in bodily
fluids, including serum, plasma, urine, and saliva (10,27-30),
thus providing a promising strategy for the identification of
miRNAs for use as a less invasive and more convenient tool that
can be used in diagnosis, prognosis or treatment monitoring.
However, the majority of studies have focused on the examina-
tion of miRNA levels in tissue specimens (7), and only a limited
number have examined the practicability of plasma miRNAs
as biomarkers (13,14). As is already known, early detection is
the most effective method of reducing the high mortality rate of
patients with NSCLC. Thus, in this study, we investigated poten-
tial miRNAs for use as biomarkers for the diagnosis of NSCLC.

In the present study, we initially set out to analyze the plasma
levels of 4 miRNAs, including miR-124, miR-204, miR-106a
and miR-146 in patients with NSCLC and healthy controls
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Table III. Cox proportional regression analysis for assessing the correlation of miR-204 expression with the prognosis of patients

with non-small cell lung cancer.

Univariate analysis

Multivariate analysis

Variables HR 95% CI p-value HR 95% CI p-value
Age (<60, =60) 0.962 0.602-1.539 0.872

Gender (fema) 1.106 0.689-1.775 0.678

Distant metastasis (no, yes)le, male) 1.006 0.611-1.659 0.980

Smoking history (former/never, current) 1.095 0.667-1.797 0.720

Histological type (AC, SCC) 1.253 0.880-1.786 0.211

Differentiation (well/moderate, poor) 1.138 0.676-1.716 0.805

TNM stage (I/IL, III/TV) 4311 2.575-7.219 0.000 2215 1.207-4.063 0.010
Lymph node metastasis (NO, N1-3 12.942 7.351-22.788 0.000 8.086 4.176-15.657 0.000
Recurrence (no, yes) 2.757 1.490-5.100 0.001 2.329 1.251-4.334 0.008
miR-204 level (high, low) 1.936 1.193-3.143 0.008 1.712 1.038-2.825 0.035

AC, adenocarcinoma; SCC, squamous cell carcinoma; TNM, tumor-node metastasis; HR, hazard ratio; CI, confidence interval.

based on 50 participants (training phase). These miRNAs have
been reported to act as oncogenes or tumor-suppressors, and
have been shown to be associated with several critical biolog-
ical processes, including migration, invasion, apoptosis and
proliferation (5,6). However, these selected miRNAs exhibited
no significant differences in expression between the patients
with NSCLC and the healthy controls, with the exception of
miR-204. Thus, we subsequently measured the expression
levels of miR-204 in plasma samples from a large cohort of
patients with NSCLC and evaluated the diagnostic capabili-
ties and prognostic value of miR-204 in these patients. To the
best of our knowledge, this study is the first study which used
plasma samples to evaluate the predictive value of miR-204 as
a potential biomarker for NSCLC.

As a tumor suppressor, miR-204 has been reported to be
markedly decreased in malignant tissues, including gastric
cancer (16), breast cancer (17), renal cell carcinoma (18), and
NSCLC (19). Researchers firstly identified miR-204 as a novel,
non-invasive biomarker for endometrioid endometrial cancer
diagnosis by using genome-wide serum miRNA expression
profiling (31). In the present study, we also noted a significantly
decreased level of miR-204 in plasma from patients with
NSCLC compared with healthy controls. Our findings were
consistent with those of previous studies and suggested that
the downregulation of miR-204 is involved in the initiation
and progression of NSCLC. Functionally, the loss of miR-204
promotes cancer cell migration and invasion by regulating
target genes (19,20). miR-204 plays a role in the direct regula-
tion of epithelial-to-mesenchymal transition (EMT) through its
targeting of SMAD4 (32). The overexpression of miR-204 has
been shown to inhibit cancer cell proliferation in gastric and
colorectal cancer (21,33). Thus, the findings of these above-
mentioned previous studies, as well as those from our study
support the tumor-suppressor role of miR-204 in cancer.

Certain serum markers have been widely used in the
diagnosis of cancer, such as CEA and CA19-9. Therefore, we
compared the diagnostic capabilities of miR-204 with those
of conventional tumor markers. Based on ROC curve analysis,
we found that miR-204 was suitable for differentiating patients

with NSCLC from healthy individuals, with a sensitivity and
specificity of 76 and 82%, respectively. The AUC value for
plasma miR-204 was 0.809, which was higher than the AUC
values obtained with CEA and CA19-9. Our results suggest that
plasma miR-204 is a good diagnostic marker and a more reliable
alternative for the diagnosis of NSCLC.

miR-204 has previously been shown to be downregulated in
tissue specimens from patients with NSCLC (19,34). However,
whether plasma levels of miR-204 are associated with prog-
nosis, OS and DFS in patients with NSCLC remains unclear.
In this study, we found that the plasma levels of miR-204 were
significantly upregulated in plasma collected post-operatively
compared to that in plasma collected pre-operatively from the
same patients, and was then downregulated again in post-oper-
ative recurrent cases. Our results suggest that miR-204 may be
used to monitor and evaluate the tumor dynamics of NSCLC.
Moreover, we observed a stepwise decreased expression of
plasma miR-204 with the increasing tumor stage. In addition,
we analyzed the prognostic role of the expression of miR-204
in plasmas from patients with NSCLC. We found that a low
expression of miR-204 in plasma samples correlated with an
advanced clinical stage and distant metastasis in NSCLC. This
result was in accordance with that of previous studies n breast
cancer (17), nasopharyngeal carcinoma (35) and endometrial
cancer (36). These results suggest that miR-204 in plasma isa
potential marker which reflects cancer progression.

It has previously been reported that the low expression
of miR-204 correlates with a poor prognosis in several types
of cancer (17,19,21,37). Thus, in the present study we further
analyzed the association of plasma levels of miR-204 with
patient clinical outcomes. Similarly, we found that low plasma
levels of miR-204 correlated with poorer survival by using
the log-rank test, and univariate and multivariate analyses,
indicating that miR-204 is an independent prognostic factor for
survival. These are surprising novel data which are important
for our current understanding of NSCLC. Moreover, Yin et al
found that restoring miR-204 expression promoted tumor
sensitivity to chemotherapy in colorectal cancer patients (21).
miR-204 targeted Bcl-2 messenger RNA and increased the
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responsiveness of gastric cancer cells to 5-fluorouracil and
oxaliplatin treatment (38). If these findings are further deter-
mined in NSCLC patients, miR-204 may thus have the potential
to assist in the treatment of patients with NSCLC and reduce
the mortality rate in patients with this disease.

In conclusion, in the present study, we demonstrated that

miR-204 in plasma from patients with NSCLC was downregu-
lated. Thus, we suggest that the plasma levels of miR-204 are
more reliable than the levels of CEA and CA19-9 for diagnosis.
More importantly, the decreased expression of miR-204
in plasma is likely a promising marker for predicting poor
survival in patients with NSCLC. Further investigations with
larger sample sizes and other types of cancer are warranted be
in order to evaluate the possibility of using plasma miR-204
as a non-invasive marker for cancer detection and clinical
outcome prediction.
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