
The association of microRNA expression with prognosis and
progression in early stage, non small cell lung adenocarcinoma:
a retrospective analysis of three cohorts

Motonobu Saito1,2,*, Aaron J. Schetter1,*, Steen Mollerup3, Takashi Kohno4, Vidar Skaug3,
Elise D. Bowman1, Ewy A. Mathé1, Seiichi Takenoshita2, Jun Yokota4, Aage Haugen3, and
Curtis C. Harris1

1Laboratory of Human Carcinogenesis, Center for Cancer Research, National Cancer Institute,
National Institutes of Health, Bethesda, Maryland 20892, USA
2Department of Organ Regulatory Surgery, Fukushima Medical University School of Medicine,
Fukushima 960-1295, Japan
3Section of Toxicology, Department of Chemical and Biological Working Environment, National
Institute of Occupational Health, Oslo, Norway
4Biology Division, National Cancer Center Research Institute, Tokyo 104-0045, Japan

Abstract
Purpose—There is increasing evidence that altered microRNA expression is associated with
tumor progression and survival in cancer patients. We tested if the expression of specific
microRNAs was associated with prognosis and disease progression in early stage lung
adenocarcinoma.

Experimental Design—The expression of miR-21, miR-17 and miR-155 was measured by
quantitative RT-PCR in tissues from 317 non small cell lung cancer (NSCLC) patients that
originated from Maryland, Norway and Japan. Kaplan Meier and Cox regression analysis
evaluated associations of microRNA expression with cancer-specific mortality and disease free
survival.

Results—Elevated miR-21 (hazard ratio [HR] 2.06, 1.13–3.75), miR-17 (HR 2.00, 1.10–3.61),
miR-155 (HR 2.37, 1.27–4.42) was associated with worse cancer-specific mortality in the
Maryland cohort. These were evaluated in two additional cohorts and only miR-21 was associated
with worse cancer-specific mortality in the Norwegian cohort (HR 2.78, 1.22–6.31) and worse
relapse free survival in the Japanese cohort (HR 2.82, 1.57–5.07). More advanced stage tumors
expressed significantly higher levels of miR-21 compared to TNM stage I tumors. TNM stage I
patients were evaluated separately and high levels of miR-21 was associated with worse cancer-
specific mortality (HR 2.16, 1.11–4.21) and relapse-free survival (3.40, 1.57–7.36) independent of
other clinical factors.

Conclusions and Summary—This is the first study to report that increased miR-21
expression is associated with disease progression and survival in stage I lung cancer. This suggests
that expression of miR-21 may contribute to lung carcinogenesis and serve as a therapeutic target
or early stage prognostic biomarker for lung adenocarcinoma.
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Introduction
Lung cancer is globally responsible for 1.4 million deaths annually and is the leading cause
of cancer mortality (1). Once diagnosed, survival rates are low. Although the 5-year survival
rate has slightly improved over the last 3 decades, that of early-stage patients is still worse
than colon, gastric and breast cancer patients. Even when diagnosed early, stage I lung
cancer patients have only a 60–70% five-year survival rate (2–4). Successful surgical
resection remains the only curative treatment for lung cancer, highlighting the need for
novel diagnostic and therapeutic strategies. Identifying factors that are associated with
aggressive disease may lead to the development of novel biomarkers and identification of
therapeutic targets that can help reduce the burden of this disease. MicroRNAs (miRNAs)
have potential as both biomarkers and therapeutic targets for lung cancer (5–7).

MiRNAs are small noncoding RNAs that posttranscriptionally regulate the translation of
target genes. They influence a variety of cellular functions, including proliferation,
differentiation, and apoptosis (8). Increasing data suggests that they have a causal role in
tumorigenesis (9, 10). Specific miRNAs can behave as either tumor suppressor genes or
oncogenes depending on the cellular environment. MiRNA expression is systematically
altered in every malignancy that has been examined (11, 12). Alteration of individual
miRNAs can affect tumor growth in vivo demonstrating the potential for miRNAs to have a
strong role in tumor promotion. Polymorphisms in miRNAs or miRNA binding sites may
modify ones risk of developing cancer (13). The expression of miRNAs are associated with
poor survival and therapeutic outcome in different cancers (5, 14–18), including lung cancer
(19–24), demonstrating the potential for miRNA expression patterns to be used as
prognostic biomarkers that may aid in therapeutic decisions for cancer. These associations
should be validated in additional populations to assess their potential as biomarkers.

We have previously analyzed microRNA microarray data of lung cancer specimens from
non small cell lung cancer (NSCLC) adenocarcinoma patients. Based on the microarray
results of that study, we identified 5 microRNAs (miR-155, miR-17, miR-21, miR-145 and
let-7a) whose expression were significantly altered in lung cancer and were associated with
cancer-specific mortality (14). Three of these microRNAs (miR-17, miR-21 and miR-155)
were potential oncogenic microRNAs showing increased expression in tumors with high
expression levels being associated with poor prognosis. Based on these results, we selected
miR-17, miR-21 and miR-155 to validate in three additional cohorts of NSCLC
adenocarcinoma patients. Here we report the findings of the associations of the expression
of miR-17, miR-21 and miR-155 with cancer-specific mortality and disease-free survival in
three independent cohorts of NSCLC adenocarcinoma patients.

Methods
Patients and Tissue samples

Primary lung tumors and adjacent noncancerous tissues were procured from patients
undergoing surgical resections. All tissues were snap-frozen immediately after surgery and
stored at −80°C until use. Detailed background information for each tissue donor, including
age, gender, clinical staging, and smoking status was collected. Tumor histopathology was
classified according to the World Health Organization Classification of Tumor system. For
this study, only patients with the diagnosis of non-small lung cancer and with
adenocarcinoma histology were used. All others were excluded prior to beginning the study.

The Maryland cohort consisted of 89 patients recruited from hospitals in the Metropolitan
Baltimore area between 1987 and 2009. In this cohort, 13 cases were overlapping with our
previous study (14). For the Norwegian cohort, 37 patients were recruited from Haukeland
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University Hospital, Bergen, Norway from 1988 to 2003. These patients were recruited
consecutively at the time of surgery, whenever practically feasible. Patients from the
Japanese cohort (n=191) were selected from a larger lung cancer population of 393 stage I–
II patients recruited from National Cancer Center Hospital, Tokyo, Japan from 1998 to
2008. The selection criteria for the Japanese cohort required all cases to have undergone
potentially curative radical surgery without any evidence of tumor cells present in the
resection margins or mediastinal lymph node involvement. These patients did not receive
neoadjuvant therapy and they could not have been diagnosed with cancer in the 5 years
before lung cancer diagnosis. To maximize the statistical efficiency to identify factors
associated with cancer relapse, all stage I patients with cancer relapse (n=30) and stage II
(n=52) patients for which RNA was available were selected. Incidence density sampling
(25) selected the 109 non-relapsed stage I patients from the larger cohort. There was no
selection based on cancer-specific mortality for the Maryland or Norway cohorts and all
cases with lung adenocarcinoma were included. The differences in selection criteria of the
Japanese cohort, at least in part, contributes to the improved prognosis of this cohort
compared to the American and Norwegian cohorts.

Survival time for the Maryland cohort was determined with a combination of searching the
National Death Index (www.cdc.gov/nchs/ndi.htm) through 12/31/2006 and searching the
Social Security death Index through 8/17/2010 for those still alive after according to the
National Death Index. The Norwegian cohort was followed through 12/31/2007 and the
Japanese cohort was followed through 6/1/2010. Written informed consent was obtained
from all participants. This study was approved by the Institutional Review Board (IRB) for
the National Institutes of Health, Regional Committees for Medical and Health Research
Ethics in Norway and for National Cancer Center at Japan.

RNA isolation and miRNA measurement
Total RNA was extracted from grossly dissected, snap-frozen tissue samples using TRIZOL
(Invitrogen, Carlsbad, CA) according to the manufacturer’s instructions. abundance and
integrity of 18S and 28S ribosomal bands were assessed via the Bioanalyser 2100 system
(Agilent Technologies, Santa Clara, CA) and this was used as quality control for RNA
samples. RNA was isolated in the country of origin and was shipped to the Laboratory of
Human Carcinogenesis (USA) for data collection while blinded to clinical outcomes.
Quantitative reverse transcriptase-PCR (qRTPCR) of mature microRNA was performed
using Taqman MicroRNA assays (Applied Biosystems, Foster City, CA) according to
manufacturer’s instructions with the 7900 HT Fast Real-Time PCR System (Applied
Biosystems). All assays were performed in triplicate. All Taqman probes were purchased
from Applied Biosystems; hsa-miR-17 (Assay ID 002308), hsa-miR-21 (ID 000397), hsa-
miR-155 (ID 002623) with RNU66 (ID 001002) as a normalization control.

Statistical analysis
Relative expression quantitation of microRNA was calculated with RQ manager 1.2
(Applied Biosystems). Patients were dichotomized into high or low expression groups based
on the median expression value for each microRNA. Univariate and multivariate Cox
regression was used to evaluate the associations between clinical covariates and cancer-
specific mortality (Maryland and Norwegian cohorts) and relapse-free survival (Japanese
cohort) in Stata 9.2 (StataCorp LP, College station, TX). For all analyses, age was treated as
a categorical variable as greater than or less than 65. Smoking status was evaluated with two
variables. First, smoking was dichotomized as never smokers (0 pack years) and ever
smokers (> 0 pack years). Second, smoking was dichotomized as > 20 pack years and < 20
pack years. TNM staging was categorized as stage I versus stage II/III. For final
multivariable Cox regression models, all variables were included that were moderately
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associated (p < 0.10) with cancer-specific mortality or relapse-free survival in at least one
cohort in any of the analyses. Expression graphs were used to analyze differences in
microRNA expression between cancer tissues and adjacent noncancerous tissues for all
qRT-PCR data using Graphpad Prism v5.0 (Graphpad Software Inc, San Diego, CA.)
Kaplan-Meier analysis was performed using Graphpad Prism v5.0.

Results
We examined the expression of miR-21, miR-17 and miR-155 in three independent cohorts
of NSCLC adenocarcinoma patients. These cohorts consist of 89 cases recruited from
Maryland, 37 cases recruited from Norway, and 191 cases recruited from Japan (Table 1).
The 5-year survival rate was 45% for the Maryland cohort, 37% for the Norway cohort, and
85% for the Japan cohort. These variations were largely due to differences in TNM staging
and selection criteria. In addition to the obvious racial, geographic, and cultural differences
among these cohorts, smoking history also differed.

Cox regression analysis evaluated the association between the expression of miR-21,
miR-17 and miR-155 and prognosis. Cancer-specific mortality was used as an endpoint for
the Maryland and Norway cohorts while relapse-free was used for the Japan cohort based on
data availability. High tumor expression (based on median) of miR-21 (hazard ratio [HR] =
2.06, 95% confidence interval [CI] = 1.13–3.75, p = 0.018), miR-17 (HR = 2.00, 95% CI =
1.10–3.61, p = 0.022) and miR-155 (HR = 2.37, 95% CI = 1.27–4.42, p = 0.006) were
significantly associated with cancer-specific mortality in the Maryland cohort (Table 2).
MiR-21, miR-17 and miR-155 were then evaluated in the Norway and Japan cohorts while
blinded to all clinical characteristics. High miR-21 was associated with cancer specific-
mortality (HR = 2.78, 95% CI = 1.22–6.31, p = 0.014) in the Norway cohort and relapse-free
survival (HR = 2.82, 95% CI = 1.57–5.07, p < 0.0005) in the Japan cohort (Table 2). These
associations were significant in each cohort providing strong evidence that miR-21
expression may be a useful prognostic biomarker for lung adenocarcinoma. The expression
of miR-17 and miR-155 were not significantly associated with prognosis in either the
Norway or Japan cohort.

Kaplan-Meier analysis further demonstrated that patients with elevated miR-21 expression
had significantly worse cancer-specific mortality in the Maryland (p = 0.016) and Norway
cohort (p = 0.009) and worse relapse-free survival in the Japan cohort (p = 0.0003) (Figure
1A). We also analyzed the expression of miR-21 comparing tumors with adjacent
noncancerous tissue. MiR-21 expression was consistently elevated in tumors from the
Maryland cohort (2.11-fold higher, p < 0.001, Wilcoxon matched pairs test), Norway cohort
(2.78-fold higher, p < 0.001) and Japan cohort (3.11-fold, p < 0.001) consistent with an
oncogenic role for this miRNA.

The Maryland and Norway cohorts were similar in 5-year survival rates, TNM staging,
gender and age at diagnosis. To increase the statistical power for all further analyses, the
Maryland and Norway cohorts were combined. MiR-21 expression was significantly
elevated in more advanced-stage tumors consistent with a role for miR-21 in the progression
of cancer (Figure 1B). Multivariate Cox regression demonstrated that miR-21 expression
was associated with poor prognosis in the Maryland/Norway and Japan cohorts independent
of staging (Table 3) supporting that miR-21 may be a useful prognostic biomarker for lung
cancer.

Metastases are not clinically detectable in TNM stage I lung cancer patients, yet many
patients have undetectable micro-metastases that will progress. Prognostic biomarkers for
TNM stage I patients may help identify those at high risk of disease progression and provide
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an opportunity to intervene at an earlier time. Validated prognostic biomarkers may also
influence future revisions of tumor staging system.

We evaluated the potential of miR-21 expression as an early stage prognostic biomarker
using a stratified analysis on TNM stage I tumors. Based on Kaplan Meier analysis, high
miR-21 expression was associated with poor cancer-specific mortality for stage I cases in
the Maryland/Norway cohort (P = 0.025, Kaplan-Meier log-rank test) and with worse
relapse-free survival in the Japan cohort (P = 0.001) (Figure 1C). These associations were
significant and independent of all clinical covariates in multivariate models (Table 4)
demonstrating the potential for miR-21 as an early stage prognostic biomarker for lung
cancer. High expression of miR-21 was also associated with cancer-specific mortality in the
48 TNM stage II/III patients from the Maryland/Norway cohort (HR = 3.35, 95% CI = 1.43–
7.82, p = 0.005) but not disease-free survival in the 49 stage II patients from the Japan
cohort.

Discussion
Altered expression of miRNAs has been found in every malignancy examined and appears
to play an important role in tumorigenesis. There is increasing evidence that miRNAs have
utility as both biomarkers and therapeutic targets for cancer. Here, we report that elevated
miR-21 expression is associated with worse prognosis in NSCLC patients.

We evaluated the expression of miRNAs from snap-frozen lung tissue from 317 NSCLC
patients originating from three independent cohorts. To our knowledge, this is the largest
study to date using flash-frozen tissue in NSCLC and the only study to use three
independent cohorts. The association of increased miR-21 expression with worse lung
cancer prognosis was significant in each of the three cohorts from different geographical
regions of the world. This suggests that our findings are representative of the majority of
lung adenocarcinoma patients. A limitation of the study is that we were only studying
NSCLC with adenocarcinoma histology; therefore our findings may not be relevant to small
cell lung cancer or NSCLC with other histologies.

We assayed the expression of miR-21 from snap-frozen tissue while blinded to clinical
outcomes and found that miR-21 was associated with NSCLC prognosis. This association is
consistent with our original microRNA array findings using frozen tissue (14), but these
results are in apparent contrast to another study that we recently published evaluating
miRNA expression in formalin-fixed paraffin-embedded (FFPE) tumor specimens (26). In
that study we evaluated miR-21 expression, in addition to other miRNAs, in FFPE lung
cancer tissue from 639 patients enrolled in the International Adjuvant Lung Cancer Trial
(IALT), of which 218 patients were diagnosed with NSCLC with adenocarcinoma histology.
We did not find that increased miR-21 was significantly associated with worse prognosis in
those tissues. This is likely due to the fact that the quality of RNA extracted from FFPE
tissue is not as high of a quality as RNA extracted from frozen tissue. Therefore, qRTPCR
measurements on RNA extracted from FFPE tissue may be less reliable than qRTPCR
measurements on RNA extracted from snap-frozen tissue. Three additional reports support
this assumption. When using snap frozen tissue, Markou and colleagues found that
overexpression of miR-21 was associated with poor survival in 48 NSCLC patients (19).
Gao and colleagues also used snap-frozen tissue as a source for RNA extraction and found
an association of increased miR-21 expression and poor survival in 47 NSCLC patients (27).
But when FFPE tissue was used, Duncavage and colleagues did not find that miR-21 was
associated with worse patient outcomes in 46 NSCLC patients (28). The fact that we
observed similar associations with high miR-21 expression and poor NSCLC prognosis in
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three independent cohorts when using snap-frozen tissues provides confidence that our
observations in this study are accurate and representative.

Biomarkers that are capable of identifying patients at high risk of dying of stage I lung
cancer may provide physicians with tools to help choose appropriate therapeutic strategies.
The current clinical guidelines recommend surgical resection for TNM stage I lung cancer
and additional therapy is not recommended unless the disease progresses (29). Here we find
evidence that miR-21 has the potential to identify high risk early stage patients in three
cohorts. To our knowledge, this is the first report that demonstrates an association of miR-21
with prognosis in TNM stage I patients. Stage I patients with elevated miR-21 expression
are at high risk of disease progression, therefore these patients may be suitable for earlier or
more aggressive intervention than current recommendations indicate. Further studies are
warranted and required to address this important area of research.

MiR-21 is an oncogenic microRNA with a suggested role in multiple cancer types.
Overexpression of miR-21 has been found in at least 18 malignancies indicating that altered
expression of miR-21 may be a common mechanism in carcinogenesis (11, 30). The cause
of miR-21 overexpression in cancer is still being elucidated. The altered activity of at least
four cancer related regulatory factors is thought to contribute to the altered expression of
miR-21, including signal transducer and activator of transcription 3 (STAT3), activator
protein 1 (AP-1), transforming growth factor β (TGFβ), and epidermal growth factor
receptor (EGFR). STAT3 is a transcription factor that is downstream of IL-6 (interleukin 6)
and can influence cell transformation. The miR-21 promoter has STAT3 binding sites and
IL-6 can induce the expression of miR-21 in a STAT3 dependent manner indicating that
altered inflammatory states may be affecting miR-21 expression in the context of cancer
(31). AP-1 can also increase the expression of miR-21. AP-1 can regulate cell proliferation,
apoptosis and cell migration and has been implicated in a number of cancers, therefore it
may be contributing to the altered expression of miR-21. TGFβ has been shown to increase
miR-21 expression through the Smad signaling pathways and may be involved in the
increased expression of miR-21 in cancer. EGFR is an important cell surface receptor whose
activity has important implications in cancer. The function of EGFR has also been linked to
miR-21 expression, raising the possibility that altered function of EGFR may contribute to
cancer in part by deregulating miR-21 expression (7, 32).

The finding that increased expression of miR-21 is associated with worse prognosis is
similar to findings in other cancers. Increased levels of miR-21 are associated with worse
prognosis and/or therapeutic outcome in multiple cancer types including colon cancer (15),
breast cancer (33), chronic lymphocytic leukemia (34), pancreatic cancer (35), tongue
cancer (36), astrocytomas (37) and head and neck cancers (38). We previously reported that
increased miR-21 expression was associated with poor cancer-specific mortality in early,
stage II colon cancer (15), similar to the finding that miR-21 is associated with prognosis in
early, stage I NSCLC. Taken together, miR-21 expression has the potential to be a
prognostic biomarker in multiple cancer types, including early stage disease where it may
help guide therapeutic decisions.

Mechanistic studies have demonstrated the oncogenic potential of miR-21 (39) suggesting
that targeting miR-21 may provide some therapeutic benefit. Overexpression of miR-21acts
as an anti-apoptotic factor and promotes cell proliferation. Inhibition of miR-21 inhibits cell
growth in vitro and inhibits tumor growth in xenograft mouse models. MiR-21 expression
can affect cell migration, cell invasion and tumor metastasis. MiR-21 can target several
tumor suppressor genes including programmed cell death 4 (PDCD4) (40, 41), phosphatase
and tensin homolog (PTEN)(42), reversion-inducing-cysteine-rich protein with kazal motifs
(RECK) (43), TIMP3 (43), maspin (44), nuclear factor 1 B-type (NFIB) (45), tropomyosin 1
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(TPM1) (46), sprouty 2 (SPRY2) (47) and Ras homolog gene family, member B (RHOB)
(48). Overexpression of miR-21 can cause a malignant transformation in vivo and loss of
miR-21 expression results in tumor regression in these models (49). MiR-21 expression is
also required for K-Ras-dependent lung tumor formation in mice, demonstrating necessary
role of this microRNA in lung tumorigeneses (50). Inhibiting miR-21 can also sensitize
cancer cells to chemotherapy (7, 50), further demonstrating the potential for targeting
miR-21, alone or in combination with other therapies, as a cancer treatment. Therefore,
miR-21 may be both a useful biomarker and a therapeutic target for multiple cancer types.

In conclusion, we found strong evidence that high miR-21 expression is associated with
poor lung cancer survival outcomes, including early stage patients. This was found in three
separate cohorts and is consistent with our previous report (14) and two additional reports
(19, 27). These data suggest that increased miR-21 may in part be responsible for the
aggressive nature and poor survival outcomes of NSCLC adenocarcinoma patients. These
results are likely representative of the majority of NSCLC adenocarcinomas. Therefore,
miR-21 expression has potential as a diagnostic and prognostic biomarker for lung
adenocarcinoma, including stage I lung cancer.
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Translational Relevance

We report that elevated miR-21 expression is independently associated with worse
prognosis in three independent NSCLC adenocarcinoma cohorts from different regions of
the world. This suggests that our findings are representative of the majority of NSCLC
adenocarcinoma patients. These associations were significant when evaluating TNM
stage I tumors alone. Biomarkers that are capable of identifying patients at high risk of
dying of stage I lung cancer may provide physicians with key tools to help diagnose lung
cancer and choose appropriate therapeutic strategies. Therefore miR-21 expression has
potential utility as an early stage prognostic biomarker for NSCLC adenocarcinoma
patients. We also find increased levels of miR-21 expression in more advanced tumors,
consistent with a possible role for miR-21 in the progression of NSCLC. These findings
suggest that miR-21 may also be a useful therapeutic target for NSCLC patients.
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Figure 1.
The expression of miR-21 is associated with survival in the Maryland, Norway and Japan
cohorts. (A) Kaplan-Meier survival analysis of all stage cases in the Maryland, Norway and
Japan cohort stratified by median miR-21 tumor expression. (B) Expression differences of
miR-21 between tumor and nontumor in the Maryland and Norway combined cohort and
Japan cohort. Dot plots represent miR-21 relative threshold cycle values from qRT-PCR and
expression levels in tumor were normalized to nontumor. Relative threshold cycle values
greater than 0 in tumor indicate higher expression than that of mean in nontumor log2 scale.
Horizontal bars indicate mean expression value. *P < 0.0001, **P = 0.001, ***P = 0.009.
Wilcoxon matched-pairs test. (C) Kaplan-Meier survival analysis of TNM stage I cases in
the Maryland and Norway combined cohort and Japan cohort stratified by median miR-21
tumor expression.
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Table 1

Characteristics of study populations of patients with non small cell lung adenocarcinoma

Maryland Cohort (n=89) Norway Cohort (n=37) Japan Cohort (n=191) p-value1

Age-years p<0.0005

 Mean (SD) 63.6 (10.5) 64.4 (11.7) 59.6 (7.7)

 Range 32–90 37–82 30–76

Gender-no. (%) p=0.742

 Male 46 (52) 20 (54) 92 (48)

 Female 43 (48) 17 (46) 99 (52)

Race-no. (%) p<0.0005

 Caucasian 58 (65) 37 (100) 0

 African-American 31 (35) 0 0

 Asian 0 0 191 (100)

TNM Stage-no. (%) p<0.0005

 I 57 (64) 21 (57) 142 (74)

 II 22 (25) 5 (14) 49 (26)

 III 10 (11) 11 (29) 0 (0)

Smoking (pack year)-no. (%) p<0.0005

 never 7 (8) 3 (8) 95 (50)

 <20 pack years 12 (13) 12 (32) 30 (16)

 ≥20 pack years 66 (74) 19 (52) 66 (34)

 unknown 4 (5) 3 (8) 0 (0)

1
p-value from one-way ANOVA or Fisher’s exact test, where appropriate
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