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SUMMARY
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Analysis of molecular genetic markers in biological fluids has been proposed as a useful tool for
cancer diagnosis. MicroRNAs (miRNAs) are small regulatory RNAs that are frequently dysregulated
in lung cancer and have shown promise as tissue-based markers for its prognostication. The aim of
this study was to determine whether aberrant miRNA expression can be used as a marker in sputum
specimen for the diagnosis of non-small cell lung cancer (NSCLC). Experimental Design:
Expressions of mature miRNAs, mir-21 and mir-155, were examined by real-time reverse
transcription polymerase chain reaction (RT-PCR) and normalized to that of control miRNA,
U6B, in sputum of 23 patients with NSCLC and 17 cancer-free subjects. The data was compared
with conventional sputum cytology for the diagnosis of lung cancer. All endogenous miRNAs were
present in sputum in a remarkably stable form and sensitively and specifically detected by real-time
RT-PCR. Mir-21 expression in the sputum specimens was significantly higher in cancer patients
(76.32 ± 9.79) than cancer-free individuals (62.24±3.82) (p<0.0001). Furthermore, overexpression
of mir-21 showed highly discriminative receiver-operator characteristic (ROC) curve profile, clearly
distinguishing cancer patients from cancer-free subjects with areas under the ROC curve at 0.902 ±
0.054. Detection of mir-21 expression produced 69.66% sensitivity and 100.00% specificity in
diagnosis of lung cancer, as compared with 47.82% sensitivity and 100.00% specificity by sputum
cytology. The measurement of altered miRNA expression in sputum could be a useful noninvasive
approach for the diagnosis of lung cancer.
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Non-small cell lung cancer (NSCLC) is the leading cause of cancer death in the United States
and worldwide (1). Five-year survival rate of NSCLC patients is only 13%. An important
reason for poor outcomes of the patients is that NSCLC is often detected after it has spread
beyond the primary site at the time of diagnosis (2). Therefore, finding NSCLC early is a
realistic approach to reduce the mortality associated with lung cancer (2). Although computed
tomography appears promising as it can identify lung cancer at a smaller size compared with
a chest X-ray, the improved sensitivity is related to a high false-positive rate (3–4). The
fluorescence bronchoscopy excels at detecting centrally occurring lung tumor. However, it is
invasive technique (3–4). The development of highly reliable and noninvasive diagnostic tools
would facilitate the early detection of lung cancer, and is thus clinically important.
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Lung carcinogenesis develops from respiratory airway of the patients (5). Because sputum
contains exfoliated airway epithelial cells and is the most easily accessible biological fluid,
cytological analysis of sputum has been used for lung cancer diagnosis (6–7). However, sputum
cytology depends on the skills required for identifying subtle cellular morphological
abnormalities in bronchial epithelial cells, thus the sensitivity is very low (6–7). Molecular
genetic study of sputum can identify the cells bearing tumor-related molecular genetic
aberrations, therefore, might be more sensitive than cytology in identifying neoplastic cells
(6–7). For instance, we demonstrated that assessment of deletions of tumor suppressor genes,
HYAL2 and FHIT, could detect abnormal cells not only in all the cytological positive sputum,
but also in 55% cytologically negative sputum from stage I NSCLC patients (8–9).
MicroRNAs (miRNAs) are a class of small non-protein-coding RNAs that can
posttranscriptionally regulate the expression of hundreds of their target genes, thereby
controlling a wide range of biological functions such as cellular proliferation, differentiation,
and apoptosis (10). Furthermore, miRNAs may function as tumor suppressors or oncogenes,
and dysregulated miRNA expressions participate in cancer development and progression
(11-2). Therefore, miRNAs can potentially be useful in the diagnosis and classification of
human malignancies (11). For example, overexpressions of miRNAs, mir-21 and mir-155, in
surgically resected lung tumor tissues were negative prognostic factors for overall survival of
the patients (13-4). However, the feasibility of examining aberrant miRNA expressions in
sputum for noninvasive diagnosis of lung cancer has not been investigated.
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The objective of this study was to determine whether altered miRNA expression detected in
sputum could be a useful biomarker for the diagnosis of NSCLC. Real-time quantitative reverse
transcription polymerase chain reaction (RT-PCR) was performed with the following two goals
of exploring whether 1) miRNA expression could robustly and reliably be measured in sputum
and 2) analysis of miRNA expression in sputum might diagnose lung cancer. We showed that
endogenous miRNAs stably existed and could be sensitively and specifically measured in
sputum. Overexpression of mir-21 in sputum specimens would constitute a diagnostic marker
for lung cancer.

MATERIALS AND METHODS
Patients
Twenty-three NSCLC patients who had flexible bronchoscopy at the University of Maryland
Medical Center and Baltimore VA Medical Center participated in the study. In the same
institutions, 17 cancer-free subjects were also recruited from patients who had received primary
care and underwent fiberoptic bronchoscopy for other diseases than cancer. The research was
approved by an institutional review board. The NSCLC patients included 13 adenocarcinomas
and 10 squamous cell carcinomas, and 3 stage I, 5 stage II, 7 stage III, and 8 stage IV, as
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determined according to WHO classification and the International Union against Cancer
staging system. Of the lung cancer patients, 9 cancer patients had central tumors and 14 had
peripheral tumors in the lungs (Table 1).
Collection and processing of sputum
Sputum was collected from the participants as described in our recent reports (8–9). Two
cytocentrifuge slides were made from each sputum sample and stained with Papanicolaou stain
for cytologic diagnosis using the classification of Saccomanno (15). Positive cytology included
both carcinoma in situ and invasive carcinoma. The main variables used to select sputum
specimens for the study were high cellularity, good nuclear morphology, and lack of purulence,
debris, and residual cytoplasm (8–9).
RNA isolation
RNA was isolated from sputum by using mirVana™ miRNA Isolation Kit (Ambion, Austin,
TX), according to the manufacturer’s protocol. The qualification and quantification of RNA
were assessed by using both Biospectrometer (Hutchinson Technology Inc, Hutchinson, MN)
and Electrophoresis Bioanalyzer (Agilent Technologies, Foster City, CA).
Reverse transcription (RT) with miRNA-specific looped primer
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RNA was applied for RT by using the Applied Biosystems 9700 Thermocycler (Applied
Biosystems) and TaqMan® MicroRNA RT Kit (Applied Biosystems), according to the
manufacturer’s instructions. The reaction includes 50 nM stem–loop RT primer, 1x RT buffer,
0.25 mM each of dNTPs, and 3.33 U/μl MultiScribe reverse transcriptase in a total volume of
15 μL.
Quantification of mature miRNAs by Real-time PCR
Real-time PCR was performed to measure expressions of target miRNAs by using TaqMan®
PCR kit (Applied Biosystems) on a Bio-Red IQ5 Muilt-color Real-time PCR Detection System
(Bio-Red, Hercules, CA). The 20 μl PCR reaction included RT product, 1x TaqMan®
Universal PCR Master Mix (Applied Biosystems), and the corresponding primers and Taqman
probe for the target genes. The reactions were incubated in a 94-well plate at 95°C for 15 min,
followed by 45 cycles of 95°C for 15 s and 60°C for 1 min. The threshold cycle (Ct) was defined
as the fractional cycle number at which the fluorescence passed the fixed threshold. Expression
of target miRNAs, mir-21 and mir-155, was normalized in relation to expression of small
nuclear U6B RNA, a commonly used internal control for miRNA quantification assay (16). All
assays were performed in triplicates.
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Characterization of stability of miRNAs in sputum
Synthesized Caenorhabditis elegans miRNA, cel-miR-238, that did not exist in the human
genomes (17) was obtained from Integrated DNA Technologies (Integrated DNA
Technologies, Inc, Coralville, IA). One sputum specimen was spilt in two parts. In the first
part, 2X Denaturing Solution (Ambion) was first added to inhibit RNase activity in the sputum
sample, and the synthesized C. elegans miRNA, cel-miR-238, was subsequently added with a
concentration of 100 fmol/μl. Conversely, in the second part of the specimen, cel-miR-238 was
added and, after 5miniutes the Denaturing Solution was added in the sputum sample. RNA
was isolated from the sputum samples, respectively. Quantification of the cel-miR-238 and
human endogenous miRNAs (miR-21 and miR-155) was performed by using real-time RTPCR in the samples, respectively.
To further evaluate stability of the miRNAs in sputum, six sputum specimens were randomly
selected, and each one was divided into 4 parts. The first aliquot from each sputum specimen
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was processed immediately for isolating RNA, while others were stored in 4°C and processed
on day 1, 3 and 7. Expression of endogenous miRNAs (mi-21, miR-155, and U6B) was
measured by using real-time RT-PCR at the same time in these specimens that were processed
from the different time points. All experiments were performed at least three times.
Determination of specificity, sensitivity, and dynamic range of miRNAs quantification in
sputum
To determine specificity of miRNA quantification in sputum by real-time RT-PCR assay, the
synthesized cel-miR-238 was diluted in human RNA isolated from a denatured sputum
specimen by ten orders of magnitude, including 1010, 109, 108, 107, 106, 105, 104, 103, 102,
and 101 copies of cel-miR-238/μg human RNA. 10 ng human RNA was used as a negative
control. The real-time RT-PCR assay with primers specific to cel-miR-238 was performed in
the samples. To determine the sensitivity and dynamic range of miRNA quantification in
sputum, RNA was extracted from six sputum specimens and then diluted by ten orders of
magnitude in DEPC water, ranging from 0.86 pg to 860 ng/ml. Expressions of human miRNAs,
mir-21, mir-155 and U6B, were assessed by using real-time RT-PCR in the samples. The result
data was analyzed to determine the sensitivity and dynamic range of the quantification of the
miRNAs as previously described (16). All tests were performed in triplicates.
Statistical analysis

NIH-PA Author Manuscript

Statistical analyses were 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. Furthermore, receiver-operator characteristic (ROC) curve analysis
was undertaken using expression level for each gene in the sputum specimens from cancer
patients and cancer-free controls by Analyse-it software (Analyse-it Software, Leeds, UK).
Using this approach, areas under the ROC curve (AUROCs) identified optimal sensitivity and
specificity levels at which to distinguish normal individuals from cancer patients, and
corresponding thresholds were calculated for each miRNA. In addition, contingency table and
logistic regression analysis were applied to determine the associations between the genetic
aberrations and clinicopathologic and demographic characteristics of the cases and controls,
including cytology, gender, smoking status, location of tumor, and stage and histology
classification.

RESULTS
Stability of miRNAs in sputum
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Given that sputum might contain high levels of RNase activity, we determined whether
miRNAs could stably be detected in the specimen. First, we mixed synthetic miRNA
corresponding to Caenorhabditis elegans miRNA, cel-miR-238, into sputum either before or
after the addition of a denaturing solution that inhibits RNase activity. The cel-miR-238 was
selected because of the absence of homologous sequences in humans (17). Quantification of
the cel-mir-238 expression by real-time RT-PCR showed that the synthetic miRNA was not
detectable when added to the sputum specimen that had RNase activity. However, the celmiR-238 expression was clearly observed in the specimen that had no RNase activity, because
Denaturing Solution was added before the synthetic cel-mir-238 was spiked into sputum.
Furthermore, the human endogenous miRNAs (mir-21 and mir-155) were clearly detected in
the same samples. These results indicate that endogenous sputum miRNAs rather than naked
exogenous miRNAs exist in a form that is resistant to RNase activity.
Given that sputum is the most easily accessible biological fluid and can be used as a surrogate
diagnostic material for lung cancer in clinic settings. We next sought to investigate the stability
of endogenous miRNAs in archived sputum. Aliquots of six sputum specimens were stored at
Lung Cancer. Author manuscript; available in PMC 2011 February 1.
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4°C for 1 to 7 days, respectively. Bioanalyzer showed that there was increasing degradation
of total RNA illustrated by gradually decreased heights of 18S and 28S peaks from day 1 to
day 7 (Figure 1A). However, there was no effect on expression levels of mir-21 or miR-155 as
measured by real-time RT-PCR in the same specimens (Figure 1B). The data imply that even
there was apparent degradation of total RNA, endogenous miRNAs could robustly and reliably
be examined in sputum over the storage time points.
Sensitivity, specificity, and dynamic range of miRNA quantification in sputum
To define the dynamic range, sensitivity, and specificity of miRNA quantification in sputum
specimen, the synthesized cel-miR-238 miRNA was mixed with the human total RNA isolated
from the denatured sputum specimen by ten orders of magnitude. Although the cel-miR-238
was detected in the mixed samples, it was not observed in the total human RNA that was not
spiked with the cel-miR-238 miRNA, implying that the target miRNA can be specifically
detected in sputum. Furthermore, as shown in Figure 2A and B, the real-time RT-PCR assay
demonstrated excellent linearity between the log of the cel-miR-238 input and Ct value,
suggesting that the assay had a dynamic range of at least 8 logs and was thus capable of detecting
as few as 1,000 copies of the cel-miR-238 in one μg human RNA, and the correlation coefficient
was 0.9981.
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To further determine the sensitivity of detection miRNA in sputum specimens, the total RNA
was isolated from cellular pellets of six sputum specimens and then diluted in DEPC water by
ten orders of magnitude, respectively. The serially diluted RNAs served as experimental
samples for measuring expression of mir-21, mir-155, and U6B. The results showed excellent
linearity between the RNA input and the Ct values for the real-time RT-PCR assay.
Furthermore, the assay had a dynamic range of at least six orders of magnitude (R2= 0.9986),
and was capable of detecting as little as 0.86 pg of RNA and 10 copies of the target genes (Fig.
2C and D).
Genetic changes in sputum of lung cancer patients and cancer-free individuals
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To determine clinical significance of dysregulated expressions of miRNAs in sputum for
diagnosis of lung cancer, we evaluated expressions of two cancer-associated miRNAs,
mir-21 and mir-155, in sputum obtained from a cohort of 23 NSCLC patients and 17 cancerfree subjects. All assays were sucessfully performed in the sputum specimens. Means of
expression for mir-21 in the specimens of cancer patients and cancer-free individuals were
76.32 (SD 9.79) and 62.24 (SD 3.82), respetectively. Means of expression for mir-155 in the
specimens of cancer patients and cancer-free individuals were 88.64 (SD 9.01) and 85.18 (SD
6.54), respetectively. Expression of mir-21 was significantly higher in cancer patients than in
cancer free controls (p=0.0001), while there was not statstically significant difference of
mir-155 expression in the specimens between the two groups (P=0.1669). ROC curves with
corresponding AUROCs for mr-i21 and mir-155 expressions in sputum from cancer vs control
cases are shown in Fig. 3.
The cutoff normalized miRNA expression value (72.97) for mir-21 was further chosen from
the ROC curve in order to maximize sensitivity and specificity. Based on the cutoff, mir-21
overexpression was found in 16 of 23 and 0 of 17 sputum samples from cancer patients and
cancer-free subjects, resulting in 69.66% (95% CI, 0.46–0.86) sensitivity and 100.00% (95%
CI, 0.77–1.00) specificity in the diagnosis of lung cancer. Furthermore, the prevalence of
mir-21 expressions detected in sputum was not associated with pack-years of smoking, patient
age, gender, histological tumor type and stage, and location of the tumors (all P > 0.05) (Table
2). The data suggested that measuring expressions of mir-21 could provide a potential
noninvasive diagnostic tool for lung cancer. Interestingly, of the three lung cancer patients
diagnosed with stage I NSCLC, two patients’ sputum had high expression level of mi-21,
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indicating that the elevated mir-21 expression in sputum may be a useful biomarker for the
early detection of lung cancer.

NIH-PA Author Manuscript

Comparison of cytology and measurement of altered miRNA expression in sputum for the
diagnosis of lung cancer
As shown in Table 3, 11 of 23 sputum specimens from lung cancer patients were diagnosed as
positive by cytological examination. All cytologically positive sputum specimens also had
increased mir-21 expression. However, of the 12 cytologically negative sputum samples from
lung cancer patients, 6 had mir-21 overexpression, two of which were obtained from stage I
lung cancer patients. Overall, the sensitivity and specificity of sputum cytology were 47.82%
(95% CI, 0.27–0.69) and 100.00% (95% CI, 0.77–1.00), whereas the sensitivity and specificity
of measuring mir-21 expressions by real-time RT-PCR in sputum were 69.66% (95% CI, 0.46–
0.86) and 100.00% (95% CI, 0.77–1.00), respectively. Therefore, examination of mir-21
expression had higher sensitivity than that of sputum cytology in the diagnosis and early
detection of lung cancer patients (P < 0.05).

DISCUSSION
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Our current study clearly shows that miRNAs are present in sputum in a very stable form.
Expression of miRNAs could be readily and robustly measured by real-time RT-PCR in the
easily accessible biological fluid with high sensitivity and specificity. Furthermore,
examination of mir-21 overexpression yields higher sensitivity than that of sputum cytology,
suggesting that elevated mir-21 expression would provide a useful biomarker for noninvasive
diagnosis of lung cancer.
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Sputum has the advantages as potential surrogate material for molecular genetic diagnosis of
lung cancer, because of its non-invasive procurement, and the fact that it contains bronchial
epithelial cells from the lungs and lower respiratory tract. Therefore, there is a long history of
identifying and developing molecule genetic changes that can be tested in sputum as
biomarkers (7). Although miRNAs have been proposed as tissue-based markers for predicting
outcomes of lung cancer, analysis of miRNA expression in sputum poses several potential
challenges. First, the high concentrations of RNase activity in sputum will degenerate RNA.
Second, in clinical practice, there might be a time gap between collecting sputum from patients
and processing the sample for analysis, during which, the likelihood of RNA degradation
increases. Thus, it is imperative to investigate whether microRNA is stable in sputum and
feasibility of detection of miRNA expression in sputum for diagnosis of lung cancer. Using
real-time quantitative RT-PCR, we examined the expressions of endogenous and exogenous
miRNAs, and found that endogenous miRNAs were resistant to RNase activity and present in
sputum in a remarkably stable form. Furthermore, the miRNAs could reproducibly be detected
after sputum was stored for up to 7 days, although there was significant degradation of total
RNA. To our knowledge, this is the first report of feasibility of detection of miRNA in sputum.
The results presented here will lay the basis and rationale to prompt future global investigations
of miRNAs as sputum-based biomarkers for lung cancer.
Mir-21 is located in chromosome 17q23.1 that is site of translocation breakpoints or
amplifications in various cancers (18). Furthermore, mir-21 has been found to specifically
target and downregulate tumor suppressor genes, PTEN and TPM1, and therefore, might play
an oncogenic role in tumorigenesis (19–20). Chen et al. recently found that mir-21 was highly
overexpressed in glioblastoma tumors compared with normal tissues (18). Moreover, inhibition
of mir-21 in glioblastoma cell lines triggered caspase production and led to increased
programmed cell death. In the current study, we show that the real-time RT-PCR assay for the
assessment of mir-21 overexpression can detect abnormal specimens that escape cytologic
examination, and provide a potential useful diagnostic biomarker for lung cancer. Furthermore,
Lung Cancer. Author manuscript; available in PMC 2011 February 1.
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2 of 3 stage I lung cancer patients are identified by measuring mir-21 expression in sputum
indicate that mir-21 might sever as a biomarker for the early detection of lung cancer.
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Elevated mir-21 expression occur in sputum of NSCLC patients with equal frequency among
all histologic types and locations of lung tumor, suggesting that the genetic change might not
be specific to histologic type. Detection of the abnormality may be useful in detecting all
histologic types of NSCLC, including peripheral tumors, predominantly, adenocarcinomas of
lung. This is particularly important because adenocarcinomas, which arise from the smaller
airways, are difficult to be detected by bronchoscopy or sputum cytology and have become
more prevalent than squamous cell lung cancers worldwide (1).
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Furthermore, 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 (7). The use of such molecular genetic alterations as
biomarkers could produce high false positive diagnostic rate or over-diagnosis, impeding their
application in clinical settings, especially in screening or early detection of lung cancer. We
here find that the increased mir-21 expression is not statistically significantly associated with
number of smoking pack-years in both cancer patients and controls, suggesting that
dysregulation of mir-21 in lung cancer might not be tobacco smoking-related damage.
Therefore, mir-21 expression in sputum would provide a specific marker for the early detection
of lung cancer with high accuracy.
Mir-155 can target 3-prime UTR of TP53INP1, which is also target gene of p53 (22).
Nikiforova et al. recently found that measuring altered mir-155 expression can detect thyroid
cancer with high accuracy in the surgical and preoperative fine-needle aspiration samples
(22). Furthermore, high levels of mir-155 in surgical lung tumor tissues correlated with shorter
survival of the patients after resection (11); implying that elevated mir-155 expression might
be a prognostic biomarker of lung cancer. However, results from our current study showed that
detection of mir-155 expression in sputum could not distinguish the lung cancer patients from
cancer-free controls. Possible explanations for the observation might be the followings. First,
the primer and probe we utilized in the current study is different from ones used in the previous
reports from others. The different primers might cause contradictory results. Second,
dysregulation of mir-155 expression might be associated with late-stage lung cancer and the
recurrence of tumors (23). Although the detection of the mir-155 expression in tumor tissues
could predict relapse of cancer and poor outcomes of the patients, measuring the advanced
stage lung tumor-related genetic change in sputum might not provide high accuracy for the
early detection of lung cancer. Third, the sample size in the current study is small, additional
studies in large case-control population will be needed to explore the difference.
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Although the detection of mir-21 expression in sputum seems to be more sensitive than
cytology in the detection of lung cancer, the 69.99% sensitivity is still not yet efficient for
routine clinical application. The result might indicate the need to develop a strategy for
simultaneous assessment of a panel of tumor-specific miRNA biomarkers in sputum for highly
sensitive and specific diagnosis of lung cancer. To that end, we are currently performing global
miRNA characterization of bronchial epithelial cells from lung cancer patients to identify a
panel of lung tumor specific miRNAs for diagnosis of lung cancer with high sensitivity and
specificity.
In summary, although the sample size used in the research is small, the proof of principle study
yields 1) interesting results on miRNA stability that provide a firm grounding for further
investigation of this class of molecules as sputum-based biomarkers for lung cancer, and 2)
measuring mir-21 expression in sputum can distinguish patients with lung cancer from cancerfree controls with higher sensitivity, as compared with conventional sputum cytology.
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Nevertheless, further validation of mir-21 status in large populations and identification of
additional miRNAs whose aberrations can be detected in sputum and specific to lung cancer
are required.
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Fig. 1.

Endogenous miRNAs could robustly and reliably be examined in sputum over seven-day
storage. RNA assessed by capillary electrophoresis (A) show great degradation in sputum on
day 7 compared with days 0, 1, and 3. However, the expression levels of each miRNA measured
by real-time RT-PCR in the specimens do not change after seven-day storage (B). All assays
were performed at least three times.
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Fig. 2.

Sensitivity and dynamic range of microRNA quantification in sputum. A. Amplification curve
of synthesized cel-miR-238 miRNA in RNA extracted from a denatured sputum sample. The
assay showed high sensitivity and broad dynamic range between signal of 103 copies and 1010
copies input template and no-template-control background; B. standard curve of cel-miR-238
(R2 =0.9981, slope= −3.43). C. Amplification plot of total RNA from sputum specimen at
eight orders of magnitude for detection of mir-21. The total RNA input ranged from 0.86 pg/
ml to 860ng/ml in RT-PCR reaction; D: Correlation of total RNA input with the threshold of
cycle (Ct) values for mir-21 assay (R2 =0.9986, slope=−3.53). All experiments were done in
triplicates.
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Fig. 3.
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Receiver-operator characteristic (ROC) curve analysis of expression of miRNAs in sputum.
A, ROC curve with corresponding the area under the ROC curve (AUROC) for mir-21
expression in sputum from NSCLC patients vs cancer-free individuals. B. ROC curve with
corresponding AUROC for mir-155 expression in sputum speciemns from NSCLC patients vs
cancer-free individuals. AUROC for each gene expression conveys its accuracy in
distinguishing cancer-free subjects from cancer patients in terms of sensitivity and specificity.
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Table 1

Demographics in cases and controls
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NSCLC (n = 23)

Controls (n = 17)

P-value

68.1 (SD 11.3)

45.5 (SD 16.7)

0.012

Female

5

5

Male

18

12

0.580

40.5 (SD 24.1)

16.2 (SD 20.6)

0.0027

Age
Sex

Smoking status
Pack-years
Location of tumor
Central

9

Peripheral

14

0.639

Stage

NIH-PA Author Manuscript

Stage I

3

Stage II

5

Stage III

7

Stage IV

8

Histology
AC of lung

13

SC of lung

10

Abbreviations: NSCLC, non–small-cell lung cancer; AC, adenocarcinoma; SC, squamous cell carcinoma.
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Table 2

Prevalence of mir-21 expression in sputum of NSCLC patients
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No. of cases

Mean of mi-21 expression (SD)

<20

5

73.11 (6.96)

21–40

7

71.54 (11.48)

41–60

8

76.89 (9.84)

61–100

3

74.62 (6.72)

Smoking status (Pack-year)

P-value*
0.1885

Location of tumor

0.4186

Central

9

78.43 (40.75)

Peripheral

14

74.96 (9.27)

Stage I

3

78.51 (9.94)

Stage II

5

68.86 (7.60)

Stage III

7

72.41(10.88)

Stage IV

8

83.58 (4.58)

AC of lung

13

78.89 (4.58)

SC of lung

10

75.12 (4.19)

Stage

0.1274

NIH-PA Author Manuscript

Histology

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

Student’s t test.
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Table 3
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Comparison of cytology and measurement of altered miRNA expression for the detection of lung cancer in sputum
specimen
23 sputum from lung cancer patients

No. sputum that are positive by
detection of mi-21 expression

11 cytology positive

12 cytology negative

11

6
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