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Summary
Adenocarcinoma is the most common type of lung cancer, the leading cause of cancer deaths in
the world. Early detection is the key to improve the survival of lung adenocarcinoma patients. We
have previously shown that microRNAs were stably present in sputum and could be applied to
diagnosis of lung cancer. The aim of this study was to develop a panel of microRNAs that can be
used as highly sensitive and specific sputum markers for early detection of lung adenocarcinoma.
This study contained three phases: (1) marker discovery using microRNA profiling on paired
normal and tumor lung tissues from 20 patients with lung adenocarcinoma; (2) marker
optimization by real-time RT-qPCR on sputum of a case-control cohort consisting of 36 cancer
patients and 36 health individuals; and (3) validation on an independent set of 64 lung cancer
patients and 58 cancer-free subjects. From the surgical tissues, seven microRNAs with
significantly altered expression were identified, of which “four” were overexpressed and “three”
were underexpressed in all 20 tumors. On the sputum samples of the case-control cohort, four
(miR-21, miR-486, miR-375, and miR-200b) of the seven microRNAs were selected, which in
combination produced the best prediction in distinguishing lung adenocarcinoma patients from
normal subjects with 80.6% sensitivity and 91.7% specificity. Validation of the marker panel in
the independent populations confirmed the sensitivity and specificity that provided a significant
improvement over any single one alone. The sputum markers demonstrated the potential of
translation to laboratory settings for improving the early detection of lung adenocarcinoma.
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Introduction
Non-small-cell lung cancer (NSCLC) is the leading cause of cancer death in the United
States. NSCLC is histologically subdivided into four major subtypes with distinct
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pathological characteristics: adenocarcinoma, squamous cell carcinoma, large cell
carcinoma and “other” (neuroendocrine cancers, carcinoids etc.). The disease is usually
diagnosed at advanced stages when the prognosis is poor, resulting in an overall 5-year
survival rate of approximately 14% 1. However, the 5-year survival rate in patients with
stage I NSCLC that has been resected can be as high as 83% 1. Therefore, finding early
stage NSCLC may reduce the mortality 1. In particular, early identification of lung
adenocarcinoma is clinically important, because it is now the most common type of lung
cancer 1, accounting for 40% of all NSCLCs. Furthermore, the incidence of lung
adenocarcinoma is on the rise in many countries, mainly, in women and nonsmokers 2,3. In
addition, because adenocarcinoma arises in peripheral lung tissue and originates from the
smaller airways, it is more difficult to be detected by bronchoscopy or sputum cytology 3.
Moreover, computed tomography (CT) provides excellent anatomic information and can
detect lung tumor at small size, however the improved sensitivity is associated with over-
diagnosis 1-3. Thus, the major obstacle in management of lung adenocarcinoma is the lack of
adequate method for its early detection.

MicroRNAs (miRNAs) are a new class of small noncoding RNAs that regulate gene
expression and are involved in a variety of biologic and pathologic processes 4. The
differential expression of miRNAs in human cancers and its potential diagnostic values have
been previously investigated 4-7. For instance, by analyzing changes of a large-scale
miRNAs on 540 human cancer specimens including lung, breast, stomach, prostate, colon,
and pancreatic tumors, Volinia et al, identified a solid cancer miRNA signature composed
by a large portion of overexpressed miRNAs that provides potential diagnostic targets for
the tumors 4. Our recent proof of principle study 8 showed that endogenous miRNAs were
present in sputum in a remarkably stable form and could reliably be detected by real-time
reverse transcription (RT)-quantitative (q)PCR. Furthermore, detecting elevated expression
of a single miRNA, miR-21, produced a higher sensitivity in diagnosis of lung cancer
compared with sputum cytology. Our data suggested that the measurement of altered
miRNA expressions in sputum sample could be a useful noninvasive approach for lung
cancer diagnosis. However, the sensitivity reached by a single miRNA is low for clinical
application 8.

It has been widely accepted that lung tumor is a heterogeneous disease and develops from
complex and multistep processes 2, 9. We therefore hypothesized that simultaneous
assessment of a panel of tumor-specific miRNAs that, used in combination in sputum, could
provide a highly sensitive and specific diagnostic test for early stage lung adenocarcinoma.
To verify the hypothesis, we first identified miRNA signatures of stage I lung
adenocarcinoma using miRNA profiling on primary tumor tissues. From these signatures,
we then optimized and validated a panel of miRNAs that could be detected in sputum for the
early detection of lung adenocarcinoma.

Materials and Methods
Patients and clinical specimens

To define miRNA signatures for lung adenocarcinoma, surgical specimens were obtained
from 20 lung cancer patients who had either a lobectomy or a pneumonectomy. All cases
were diagnosed with histologically confirmed stage I lung adenocarcinoma (Table 1). None
of the patients had received preoperative adjuvant chemotherapy or radiotherapy. Tumor
tissues were intraoperatively dissected from the surrounding lung parenchyma; paired
normal lung tissues were also obtained from the same patients at an area distant from their
tumors. Serial cryostat sections from the specimens were stained with hematoxylin and eosin
to confirm the diagnosis based on the most recent WHO classification of tumors of the
lung 10.
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To optimize a panel of miRNAs that could be detected in sputum, 36 stage I lung
adenocarcinoma patients and an equal number of normal subjects were recruited. The case
and control were matched in the ratio of 1:1 by age, gender, and smoking history as a nested
case-control cohort (Supplement Table 1). Sputum was collected from the participants as
described in our recent reports 8, 11-2. To further validate the identified sputum markers, we
collected sputum specimens from a total of 64 NSCLC patients and 58 healthy controls. The
demographic and clinical characteristics of the NSCLC patients are summarized in Table 2.
Tumors were classified as peripheral or central on the basis of radiographic studies,
bronchoscopic or operative findings, and pathologic analysis. The study was approved by
Institutional Review Board.

RNA isolation—Total RNA containing small RNA was extracted from the tissue and
sputum specimens as described in our previous study 8 by using a mirVana miRNA Isolation
Kit (Ambion, Austin, TX). The purity and concentration of RNA were determined from
OD260/280 readings using a dual beam UV spectrophotometer (Eppendorf AG, Hamburg,
Germany). RNA integrity was determined by capillary electrophoresis using the RNA 6000
Nano Lab-on-a-Chip kit and the Bioanalyzer 2100 (Agilent Technologies, Santa Clara, CA).
Only RNA extracts with RNA integrity number values >6 underwent in further analysis.

MiRNA profiling of surgical resected lung adenocarcinoma tissues—MiRNA
profiling was performed using Taqman human microRNA array A (System Biosciences,
Mountain View, CA), which is a PCR-based array and contains 377 most commonly found
human mature miRNAs and 4 small RNA endogenous controls. Briefly, 100 ng of total
RNA was polyadenylated by poly(A) polymerase and then reverse transcribed to cDNA.
RT-qPCR was performed using miRNA specific primers provided by the manufacturer in
ABI PRISM 7500 Real-time PCR system (Applied Biosystems, Foster City, CA). The cycle
threshold (Ct) was defined as the number of cycles required for the fluorescent signal to
cross the threshold in PCR. ΔCt was calculated by subtracting the Ct values of the small
control RNAs from the Ct values of the miRNA of interest. ΔΔCt was then computed by
subtracting ΔCt of the normal control tissue from ΔCt of the tumor specimen, and fold-
change of miRNA gene was determined by the equation 2– ΔΔCt.

Analysis of miRNA expression in sputum samples—Expression of the identified
miRNA signatures was evaluated in sputum by using real-time RT-qPCR with Taqman
miRNA assays (Applied Biosystems) as previously described 8. Expression of target
miRNAs was normalized in relation to expression of small nuclear U6 RNA. U6 RNA was
proven as an internal control for miRNA quantification in sputum in our previous study 8.
All assays were performed in triplicates, and one no-template control and two interplate
controls were carried along in each experiment. Expression levels of the mRNAs were
calculated using comparative Ct method as previously described 8.

To determine the sensitivity and dynamic range of miRNA quantification in sputum, RNA
was extracted from ten sputum specimens and then diluted at different orders of magnitude
in diethylpyrocarbonate (DEPC) water (Sigma Chemical Co.. St. Louis, MO). Expressions
of the miRNAs were then assessed by using RT-qPCR in the samples as described above.
All tests were performed in triplicates.

Statistical analysis
To find miRNA genes that were statistically differentially expressed between lung
adenocarcinoma specimens and the corresponding normal tissues, we expected the
acceptable number of false positives to be 1.0, fold difference between normal and tumor of
samples at 2.0, standard deviation of the gene measurements on the base-two logarithmic
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scale at 0.7, and desired power at 0.8. Given 377 miRNAs included in the array, at least 15
specimens for each tissue type were required to achieve the statistical criteria 13. To define
an optimal miRNA marker panel that can be detected in sputum for distinguishing cancer
patients from normal controls, a case-control study was designed that consisted of lung
cancer cases and cancer-free individuals. We used receiver-operator characteristic (ROC)
curve and the area under ROC curve (AUC) to determine sample size in the case-control
study. The ROC curve is a plot of diagnostic test's sensitivity, or true positive rate versus 1-
specifcity, or the false positive rate at various discrimination cutoffs depicting the trade-offs
between the true positives and the false positives in diagnostic accuracy 14. The AUC
represents an overall summary of diagnostic accuracy. ROC analysis is considered as a
powerful tool to evaluate diagnostic tests and predictive models by assessing accuracy
quantitatively or comparing accuracy between tests or predictive models 14,15. Furthermore,
ROC analysis can be used to select optimal threshold under a variety of clinical
circumstances, balancing the inherent tradeoffs that exist between sensitivity and sensitivity.
In addition, ROC analysis is one of the most important approaches that are commonly used
to determine sample size 16. In the case-control cohort study, the AUC of H0 (the null
hypothesis) was set at 0.5. H1 represented the alternative hypothesis; accordingly, at least 28
subjects were required in each category to show a minimum difference of interest between
an AUC of 0.75 versus an AUC of 0.5 with 80% power at the 5% significance level 14-6.

Statistical analysis of RT-qPCR data was done using Statistical Analysis System software
version 6.12 (SAS Institute, Cary, NC). All P values shown were two sided, and a P value of
<0.05 was considered statistically significant. ROC curve analysis was undertaken using
expression level for each miRNA in sputum from cancer patients and cancer-free controls by
Analyse-it software (Analyse-it Software, Leeds, UK) 8. Briefly, for each miRNA, we
constructed the ROC curve and computed the AUC value by numerical integration of the
ROC curve. Using this approach, the AUC identified maximum sensitivity and specificity
levels at which to distinguish cancer patients from healthy subjects, yielding corresponding
optimal thresholds defining expression levels of the tested genes. Logistic regression was
used to generate prediction model building. Validated biomarkers were fitted into logistic
regression models, and the stepwise backward model selection was performed to determine
the best discriminating combinations of miRNAs. Furthermore, contingency table and
logistic regression analysis were applied to determine the associations between the
expression levels of the miRNAs and both clinicopathologic and demographic
characteristics of the cases and controls.

Results
Identifying miRNA signatures whose aberrant expression levels were associated with lung
adenocarcinoma

We used a TaqMan-based miRNA array to profile mature miRNAs in the matched lung
adenocarcinoma and normal lung tissues. To determine if expression of these 377 miRNAs
was readily detectable, wee prepared two RNA pools that contain equal amounts of RNA
from 20 tumor tissues and 20 normal lung tissues, respectively. We then performed the
miRNA array analysis on the pooled RNAs. 346 (92%) of the miRNAs had ≤ 30 Ct value,
however only 32 (8%) of the genes displayed >30 Ct value (Supplement Fig. 1).
Furthermore, four replicate sets of raw threshold data obtained by two research staff at two
different times on the same specimens are directly compared. The results demonstrated a
high degree of correlation (R2 > 0.992), suggesting that assay format yielded excellent
reproducibility on the surgical resected specimens. Therefore, the miRNAs could be
accurately and reliably measured in the clinical samples by the PCR-based miRNA array.
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When P value <0.01 was used as a cutoff, of the 377 miRNA targets, 9 miRNAs were
downregulated and 11 miRNAs were up-regulated with ≥ 1.5 fold-change in cancer group
(Fig. 1 and Supplement Tables 2-3). Using a predefined criterion of a fold-change ≥2, we
identified seven miRNAs that statistically differently expressed between the paired tumor
and normal samples. These included three miRNAs (miR-486, miR-126, and miR-145) that
were underexpressed, and four miRNAs (miR-21, miR-182, miR-375, and miR-200b) that
were overexpressed in tumor specimens. It should be noted that altered expressions of the
seven miRNAs existed in all 20 lung adenocarcinoma tissues compared with the paired
normal specimens. We therefore assigned the seven miRNAs for further analysis.

Optimizing a panel of highly specific and sensitive sputum miRNA markers for lung
adenocarcinoma

We have previously demonstrated feasibility of measuring expressions of human
endogenous miRNAs, miR-21 and miR-155, in sputum by RT-qPCR 8. To determine if the
seven newly identified miRNAs could be reliably detected in the specimens, we prepared
two RNA pools containing equal amounts of RNA from sputum samples of 10 cancer
patients and 10 cancer-free individuals, respectively. All tested miRNAs had ≤30 Ct values
in both pools, indicating that the miRNAs could easily be measured in sputum (data not
shown). To further determine the sensitivity of detecting the miRNAs by RT-qPCR in
sputum, the total RNA was diluted in DEPC water at different concentrations. The serially
diluted RNAs served as experimental samples for measuring expression of each miRNA.
There was an excellent linearity between the RNA input and the Ct values for the miRNA
tested (Supplement Fig.2). In addition, the assay had a dynamic range of at least six orders
of magnitude (R2= 0.998), and was capable of detecting as little as 0.86 pg of RNA and 10
copies of the target genes. Altogether, the miRNAs identified from the primary tumor tissues
were readily detectable in sputum. The seven miRNAs were therefore continually tested in
all individual sputum samples collected from a case-control of 36 patients diagnosed with
stage I lung adenocarcinoma and 36 health subjects.

MiR-486, miR-126, and miR-145 showed lower expression levels, whereas miR-21,
miR-182, miR-375, and miR-200b displayed higher expression levels in cancer patients'
sputum compared with sputum of cancer-free individuals (Table 3) (All p < 0.01). The data
was in agreement with the results obtained from the tissue specimens. ROC analyses were
performed to evaluate the capability of using the miRNAs in sputum to discriminate
between cancer patients and cancer-free individuals. As depicted in Table 3, the seven
miRNAs showed 0.807-0.846 AUC values. When optimum cutoffs were selected, the
miRNAs yielded 59.5-72.6% sensitivity and 73.8-82.9% specificity, respectively, implying
that the miRNAs held promise as cancer-specific markers in sputum.

To optimize a small panel of miRNA markers for the early detection of lung
adenocarcinoma with high sensitivity and specificity, logistic regression of all seven
miRNAs using a backward elimination approach was performed. One of the logistic
regression models was built based on four miRNAs, miR-486, miR-21, miR-200b, and
miR-375, which in combination provided the best prediction. Combing the four miRNAs
produced 0.896 AUC, being considerably higher than 0.807-0.846 AUC values of each
individual gene in distinguishing cancer patients from normal subjects (All P<0.05) (Fig. 2).
Accordingly, the ROC curves revealed that the sensitivity and specificity for the
combination of the four miRNAs were 80.6% and 91.7%, which were significantly higher
than 59.5-72.6% sensitivity and 73.8-82.9% specificity of the individual miRNAs (All
p<0.05) (Supplement Fig.3).
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Validating the sputum miRNA markers in an independent set of NSCLC
patients—To further evaluate the diagnostic performance of the optimal markers, the four
miRNAs were assessed on sputum samples of 64 patients with different stages and
histological types of NSCLC and 58 healthy controls. The miRNAs had significantly
different expression levels in sputum between NSCLC and cancer-free controls (All
p<0.001) (Supplement Table 4). The ROC curve analysis showed that the individual
miRNAs displayed 0.713-0.789 AUC values in identification of NSCLC patients. When
optimal cutoffs were selected, the individual miRNAs produced 55.1-62.6% sensitivity and
69.4-73.8% specificity (Supplement Table 4). The four miRNAs in combination could
differentiate the NSCLC patients from healthy controls with 0.839 AUC, producing 70.3%
sensitivity and 80.0% that were statistically higher than those by any single one used alone
(all p<0.05) (Supplement Table 4). Furthermore, the panel of markers had different
diagnostic efficiency for different histological types of NSCLC (Table 4): the sensitivity and
specificity for lung adenocarcinoma were 80.6% and 92.5%, being similar to those (80.6%
and 91.7%) in the above case-control cohort that only consisted of the patients diagnosed
with stage I adenocarcinoma and healthy controls (All p>0.05). The parameters were
statistically higher than those in diagnosis of squamous cell carcinoma (64.1 % and 71.3%,
all p<0.05), suggesting that the miRNA markers had higher diagnostic efficiency for
adenocarcinoma compared with squamous cell carcinoma of the lung. In addition, the
sensitivity and specificity of the four miRNAs combined were 78.3% and 93.8% for
peripheral cancer, whereas 65.8% and 70.9% for central tumor, respectively (Table 4),
indicating that the miRNAs had better efficiency in detecting peripherally located cancers
than central tumors (All p<0.05). However, no statistically significant difference was found
in the sensitivity and specificity of the markers for stage I, II, III, and IV lung
adenocarcinomas (p>0.05) (Table 4). Moreover, in a univariate analysis, histological type
and location of the tumors were associated with expression levels of the miRNAs in sputum
samples (Supplement Table 5) (All p > 0.05). There was no association of expressions of the
miRNAs with the age, gender, ethnic group, tumor stage, or histories of smoking of the lung
cancer patients and normal individuals (Supplement Tables 5-6) (All p > 0.05). Taken
together, the results confirm that the optimal set of miRNAs could be used as specific
biomarkers for the early detection of lung adenocarcinoma.

Discussion
The development of highly accurate biomarkers that can be detected in easily accessible
body fluids is a major research effort in the field of lung cancer early detection 17. Sputum,
particularly, has been considered as potential surrogate material for noninvasive diagnosis of
lung cancer, because it is a mirror to lung disease 17. Conventional cytologic analysis of
sputum has been used clinically to diagnose lung cancer; however, it was no more effective
than chest radiographs in detecting lung cancer in several large prospective randomized
trials 18. The molecular genetic alterations could occur before morphological changes that
can be found by a cytological test 8, 11,12, 19-22. Furthermore, the molecular genetic changes
seen in sputum may reflect the same abnormalities found in lung tumors 11, 21. Therefore,
there is a long history of identifying and developing molecule genetic changes that can be
tested in sputum as biomarkers 8, 11, 12, 17, 19-22. For instance, mutations of oncogene (e.g.,
K-ras) or tumor suppressor gene (e.g., P53) were detected in sputum of patients with
primary adenocarcinoma of the lung 19,20. Hypermethylation of p16 gene was found in
sputum collected from patients with lung cancer, 5-35 months before sputum cytological and
clinical diagnoses 21. However, to date there is no molecular genetic marker accepted in
clinical settings.

In our recent proof of principle study 8, we demonstrated that measuring elevated expression
level of a single miRNA in sputum produced higher sensitivity in identification of lung
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cancer than did conventional sputum cytology. To enhance the diagnostic power of miRNAs
in sputum for lung adenocarcinoma, here we developed and characterized a sputum-based
miRNA marker panel with a sensitivity of 80.6% and a specificity of 91.7%. This study
further extends our previous research efforts to develop sputum-based diagnostic tool for
lung cancer 8, 11,12, 22. Given the expenses associated with quantitative molecular analyses, a
marker panel with the smallest number of miRNAs and highest diagnostic accuracy would
provide a cost-effective diagnostic assay for lung adenocarcinoma.

Among the four miRNAs identified, up-regulation of miR-21 has been found in many
human cancer specimens 23. Therefore, extensive efforts have been taken to identify the
downstream genes and gene networks regulated by miR-21 and the upstream factors that can
regulate dysfunction of miR-2123-25. For example, elevated miR-21 expression might be
associated with apoptosis inhibition and acquisition of invasive properties, likely mediated
by its downregulating effects on the expression of target tumor suppressors PTEN, TPM,
and PDCD423-25. More importantly, miR-21 itself displays oncogenic activity and can be
classed as an oncomir, whose overexpression lead to tumor development and progression 24.
This current study confirmed our previous finding 8 that the assessment of miR-21
overexpression in sputum had higher sensitivity compared with cytologic examination.
Therefore, miR-21 can serve as an important biomarker for the early detection of lung
cancer. MiR-200b locates on chromosome 1p36.33, one of the most common regions with
genomic amplicons in solid tumors including lung cancer 27-30. Although biological
mechanism of miR-200b dysfunction in lung tumorigenesis is unclear, miR-200b was
recently identified as one of a set of miRNAs whose aberrant expressions were related to
recurrence of stage I NSCLC after surgical resection 31. Consistently, we herein found that
miR-200b overexpression existed in lung adenocarcinomas, one of the major histological
types of NSCLC. Altogether, the observations suggest that miR-200b could be a potential
target of the genomic amplification in 1p36.33, and its activation might be involved in lung
carcinogenesis. MiR-375 down-regulation was found in some human malignancies 32,33.
However, miR-375 was consistently up-regulated in adenocarcinoma rather than squamous
cell carcinoma of lungs 34. Furthermore, when comparing cancerous tissue expression
between adenocarcinoma and squamous cell carcinoma patients with esophagus cancer,
Mathé et al. 33 found that miR-375 was elevated in adenocarcinoma patients. In good
agreement with the findings, our present data showed that miR-375 was overexpressed in
lung adenocarcinoma, and Moreover, measuring its expression in sputum displayed higher
accuracy in diagnosis of lung adenocarcinoma compared with squamous cell lung cancer.
On the other hand, miR-486 is located on one of the most frequent genomic rearrangement
regions, chromosome 8p11.21 that contain potential tumor suppressor genes in lung
tumorigenesis 27,28. Navon et al. recently found that miR-486 was underexpressed in eight
types of human tumors, including lung cancer 35. The observation from our present research
is consistent with the previous findings, suggesting that miR-486 might be a potential tumor
suppressor in carcinogenesis. Although miR-182 was not eventually included in the panel of
the four miRNAs, its over-expression was found in primary NSCLC tissues and sputum
from the patients. MiR-182 is a member of a miRNA cluster in a chromosomal locus
(7q31-34) frequently amplified in solid tumors 36. Segura, et al recently found that miR-182
was commonly up-regulated in human melanoma cell lines and tissue samples, and this up-
regulation correlated with gene copy number in a subset of melanoma cell lines 36.
Furthermore, the aberrant miR-182 expression could promote tumorigenesis by repressing
FOXO3 and microphthalmia-associated transcription factor in several types of human
cancers 37-9. Our primary goal of the current study is marker development. We showed for
the first time that measuring altered expressions of a small panel of miRNAs in sputum
might be a potential noninvasive test for the early detection of lung adenocarcinoma. The
biological relevance of the miRNA dysfunctions in lung tumorigenesis are currently being
investigated at our laboratory.
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The panel of sputum markers could also identify squamous cell lung cancer with 64.1 %
sensitivity and 71.3% specificity. However, the markers are more accurate to lung
adenocarcinoma with 80.6% sensitivity and 92.5% specificity. The main reason might be
that the miRNAs are identified from surgically resected primary adenocarcinomas, thus
should be more specific for the type of NSCLC. It is also not surprising to find that the
abnormal miRNAs expression levels are related to the tumors located in peripheral airways,
because most peripheral tumors are adenocarcinomas. These observations would be
clinically important, because the majority of NSCLCs detected by cytologic analysis and
visible by bronchoscopy are squamous cell carcinoma predominantly locating in central
areas of the lungs, rather than adenocarcinoma that is the most common type in NSCLC.
Once confirmed, the sputum miRNA panel might improve the detection rate for lung
adenocarcinomas that are more difficult to be found by these conventional techniques.

Most of the previously identified lung cancer associated molecular genetic changes were
related to the smoking status. Some of the changes can be found in healthy smokers who
never develop lung cancer 2,3, 8, 17. The use of such molecular genetic alterations as
biomarkers might produce high false positive diagnostic rate or over-diagnosis, thus
impeding their application in clinical settings in screening or early detection of lung cancer.
The four miRNA markers identified from the present research is encouraging, because
expression levels of the miRNAs appear to be independent of subject age, gender, ethnic
subgroup, and tobacco smoking. The identified miRNAs could dysregulate in a cancer-
specific manner. In addition, no significant differences of the miRNA expression levels were
observed for the cancerous samples at different stages of the disease, implying that the
potential markers were not stage-specific. The results further provide evidence that this
miRNA marker panel might be useful in the early detection of lung adenocarcinoma,
although whether the expression levels of the four miRNAs are affected in non-cancer
associated lung pathologies remains to be investigated.

This panel of miRNA markers detected by RT-qPCR platform provides a significant
improvement over any single one, and hence shows promise as a lung adenocarcinoma-
specific test on sputum. In the future, developing and using an independent methodology,
e.g., solution hybridization 40, to evaluate the expression levels of the miRNAs may
continue to improve efficiency of the sputum-based biomarkers. Furthermore, comparing the
miRNAs on sputum to CT imaging for the early detection of lung adenocarcinoma will lead
to more understanding the diagnostic value of the biomarkers. In addition, integration of the
sputum-based markers with the current conventional modalities, especially CT, could
facilitate noninvasive diagnostic efficiency and accuracy for early lung adenocarcinoma or
screening of high-risk patients for the cancer.

In conclusion, we have developed a panel of miRNAs that can be reliably measured in
sputum. Detection of the miRNAs could be used as a noninvasive and cost-effective
diagnostic tool for early lung adenocarcinoma. Nonetheless, a large multi-center clinical
project to further validate the full utility is warranted before it could potentially be adopted
in routine clinical settings.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations used
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MiRNAs microRNAs

CT computed tomography

ROC receiver-operator characteristic
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RT-qPCR reverse transcription-quantitative polymerase chain reaction

Ct cycle threshold

DEPC diethylpyrocarbonate
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Brief statements describing the novelty and impact of the paper

MicroRNAs (miRNAs) are emerging as highly tissue-specific biomarkers with potential
for clinical applicability in indentifying and defining cancer type. Here we aimed to
develop a panel of miRNAs that can be used as highly sensitive and specific sputum
markers for early detection of lung adenocarcinoma, the most common type of lung
cancer. This study was divided into three phases: (1) marker discovery using reverse
transcription (RT) PCR-based miRNA profiling on 20 stage I lung adenocarcinoma
tissues; (2) marker optimization by real-time RT-quantitative (q)PCR on sputum of 36
cancer patients and 36 health individuals; and (3) validation on an independent set of 64
lung cancer patients and 58 cancer-free subjects. We successfully developed a small
panel of sputum markers consisting of four miRNAs, which in combination yielded
80.6% sensitivity and 91.7% specificity for the diagnosis of early stage lung
adenocarcinoma. This is the first report that measuring a miRNA panel in sputum for
early detection of lung adenocarcinoma. Future integration of the sputum-based markers
with the current conventional modalities, especially computed tomography, could
provide a noninvasive and cost-effective diagnostic tool for early stage lung
adenocarcinoma or screening of high-risk patients for the disease.
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Fig. 1.
MiRNAs differentially express in lung adenocarcinomas versus normal lung tissues.
Hierarchical clustering of 20 miRNA genes with a significantly different expression (p <
0.01) in tumor tissues. Rows represent individual genes; columns represent individual tissue
samples. The scale represents the intensity of gene expression (log2 scale ranges between
−3.0 and 3.0).

Yu et al. Page 13

Int J Cancer. Author manuscript; available in PMC 2013 January 15.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Fig. 2.
Receiver-operator characteristic (ROC) curve analysis of expression levels of the four
miRNAs in sputum of 36 patients diagnosed with stage I lung adenocarcinoma and 36 health
subjects. The area under the ROC curve (AUC) for each miRNA conveys its accuracy for
differentiation of lung adenocarcinoma patients and healthy subjects in terms of sensitivity
and specificity. The individual genes produce 0.822-0.846 AUC values (A-D), being
significantly lower than 0.896 AUC by the four genes combined as a marker panel (E) (All
P<0.05).
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Table 1
Demographics of 20 patients diagnosed with lung adenocarcinoma

Age* 65 (55-78)

Sex

 Female 8

 Male 12

Smoking status 17 smokers

Pack-years 35 ± 22

Location of tumor † All are peripheral tumors

Stage All are stage I

Histology All are lung adenocarcinoma

*
Data are presented as median (range).

†
Peripheral tumors were located at or within 1 cm of the visceral pleura.
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Table 2
Demographic and clinical characteristics of NSCLC patients and healthy subjects in an
independent corhot

NSCLC (n = 64) Controls (n = 58) P-value

Age 67 (SD 11.5) 65 (SD 10.6) >0.05

Sex

 Female 25 23 >0.05

 Male 39 35 >0.05

Race

 White 41 37 >0.05

 African American 23 21 >0.05

Smoking status

 Pack-years 30.9 (SD 24.8) 27.7 (SD 28.4) >0.05

Location of tumor * >0.05

 Central 30

 Peripheral 34

Stage >0.05

 Stage I 16

 Stage II 15

 Stage III 17

 Stage IV 16

Histology >0.05

 AC of lung 33

 SC of lung 31

Abbreviations: NSCLC: non–small-cell lung cancer; SD, standard deviation. AC, adenocarcinoma; SC, squamous cell carcinoma.

*
Peripheral tumors were located at or within 1 cm of the visceral pleura.
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