
Abstract. Background/Aim: Distinguishing between
primary and metastatic adenocarcinomas in the lung may
sometimes be difficult by conventional histopathological
methods. In addition, novel biomarkers are needed for the
more accurate subtyping of primary lung carcinomas.
Materials and Methods: MicroRNA microarrays were
performed on 26 primary lung adenocarcinomas, 3
squamous cell carcinomas, 6 small cell lung cancers
(SCLCs), and 2 colorectal cancer metastases in the lung.
Results: Forty-four microRNAs differentially expressed
between three histological subtypes at p<10–6 predicted
histology with 100% accuracy in 100 randomly drawn
datasets. Prominent among differentially expressed genes
were miR-375, miR-217 and miR-216a, which were  found
overexpressed in SCLC compared to lung adenocarcinomas.
Lung adenocarcinomas overexpressed miR-29b-1, miR-375,
miR-2110, miR-29c-star, 199b-5p, and 146b-3p and
underexpressed miR-617, miR-205-star, and miR-1246
compared to squamous cell carcinomas. In primary vs.
metastatic lung adenocarcinomas, miR-552 and miR-592
were differentially expressed at p<10–6; the level of
expression of miR-552 in colorectal cancer metastases was
39-times higher and that of miR-592 was six-times higher.
Furthermore, microRNA profiles of primary colorectal
cancer in our database indicated that these two microRNAs
were overexpressed in primary colorectal cancer relative to
primary lung adenocarcinomas. Conclusion: MicroRNA

profiles predict the histology of primary lung carcinomas,
and differentiate between primary lung adenocarcinomas
and colorectal cancer metastases.

Lung cancer is the leading cause of cancer death in the US
and worldwide (1). There are two distinct histological types
of lung cancer: non-small cell lung cancer (NSCLC) and
small cell lung cancer (SCLC). Accurate diagnosis of SCLC
is important because surgery is not indicated for patients
with SCLC. New developments in the treatment of lung
cancer make differentiating between the two major
histological types of NSCLCs, namely adenocarcinoma and
squamous cell carcinoma, increasingly important. The two
types of NSCLC are different in terms of both mutation
profiles and therapeutic response (2). However, accurate
histological classification is sometimes difficult by
conventional histopathological methods for small biopsy
samples. Hence, novel biomarkers are needed for the more
accurate subtyping of primary lung cancer.

MicroRNA expression profiles are emerging as important
diagnostic tools (3). It is expected that microRNAs may
classify the histology of primary lung cancer, given their
roles in tissue development (3). Very few microRNA profiles
have been identified that accurately predict major histologic
subtypes: adenocarcinoma, squamous cell carcinoma, and
SCLC (4). Given the importance of histological subtyping,
we planned to further identify novel microRNAs that are
unique to each histological subtype. 

More importantly, here we report microRNAs
differentially expressed between primary and metastatic
adenocarcinomas of the lung. Differentiating between the
two entities is clinically important because they require for
different management. Barshack et al. demonstrated that
microRNA profiles can be used to differentiate between
primary and metastatic lung adenocarcinomas (5). The
overall predictive power of discriminatory microRNAs,
however, needs to be further improved (5). Our analysis
based on frozen tumors was expected to identify more tissue-
specific microRNAs, with more accurate distinction of the
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tissue ontogeny. Our analysis was also expected to identify
differentially expressed microRNAs not detected in previous
studies on Caucasian patients because it is known that
clinicopathological and molecular differences exist between
lung adenocarcinomas of Asian and Caucasian patients (6). 

Materials and Methods

MicroRNA microarrays. Samples were collected at the time of
surgery or bronchoscopy from selected patients with cancer
treated at the National Cancer Center in Korea from 2002 to
2011. Specimens were kept frozen in liquid nitrogen until
analysis. Specimens were collected with institutional review
board (IRB) approval (NCCNCS-09-297) and all patients gave
informed consents. A 10 μm-thick top slide was stained with
hematoxylin and eosin. Guided by this top slide, remaining
samples were macrodissected to trim non-tumorous stromal
components. Macrodissected, frozen tissue samples were
mechanically crushed in liquid nitrogen, homogenized, and
subjected to RNA isolation using TRI reagent (Invitrogen,
Carlsbad, CA, USA), according to the manufacturer’s
instructions. Total RNA was then subjected to DNAse I treatment.
Subsequently, 500 ng RNA was poly-A tailed, and the FlashTag
Biotin HSR Labeling Kit (Genisphere LLC, Hatfield, PA, USA)
was used to join a proprietary biotin-labeled dendrimer molecule
to the 3’ end using DNA ligase. Labeled samples were hybridized
to GeneChip miRNA 2.0 microarrays (Affymetrix, Santa Clara,
CA, USA) at 48˚C for 16 h, washed, stained with a Streptavidin-
PE solution, and scanned. GeneChip miRNA 2.0 microarrays are
based on miRbase version 15 and contain 15,644 mature
microRNA probe sets of 131 organisms including 1,105 human

microRNAs. All cell files were robust multiarray average (RMA)-
normalized. Only human microRNAs were subjected to further
analyses for this study. 

Statistical analysis. BRB-Arraytools software (version 4.1; NCI,
Bethesda, MD, USA) was used to carry out unsupervised and
supervised analyses. Hierarchical clustering and principal
component analyses (PCA) were performed using ‘1-correlation’
as a distance metric. To evaluate whether sets had different
microRNA profiles, class prediction analyses were performed using
all samples as a training set. The cross-validated misclassification
rate was computed for all BRB-Arraytools classifier functions
[compound covariate predictor (CCP), linear discriminant analysis
(LDA), 1-nearest neighbor (1-NN), 3-nearest neighbors (3-NN),
nearest centroid (NC), and support vector machines (SVM)] in the
training set. Class labels were then randomly shuffled and the
cross-validated misclassification rate was computed for each
random dataset. The permutation p-value, which is defined as the
proportion of random datasets that give as small a misclassification
rate as that obtained with actual class labels, was then calculated.
MicroRNA profiles of the classes were considered significantly
different if the permutation p-value was less than 0.05. To estimate
the predictive power of discriminatory microRNAs, class prediction
analyses were then performed by randomly dividing the whole
sample into two subsets, training and test, at a 2-to-1 ratio.
Randomization was performed using nQuery Advisor software
(version 7.0; Statistical Solutions, Saugus, MA, USA). The best
predictor, selected for having the lowest misclassification rate in
the analysis of primary tumors, was applied to metastasis samples
in the test set. For each of 100 random training-to-test partitions,
the best predictor was used to predict the class label for each
sample in the test set.
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Table I. Clinicopathological characteristics.

Adenocarcinoma Squamous SCLC Normal Metastasis

Total no. 26 3 6 2 2
Median age, years 62 68 59 57 59
Male (%) 12 (46.2%) 2 (66.7%) 5 (83.3%) 0 1 (50%)
Differentiation

Good to moderate 20 (76.9%) 3 (100%)
Poor 6 (23.1%)

Stage, AJCC
IA 4 (15.4%)
IB 10 (38.5%) 1 (33.3%)
IIA 0
IIB 4 (15.4%)
IIIA 6 (23.1%) 2 (66.7%)
IIIB 1 (3.8%)
IV 1 (3.8%)

LD 1 (16.6%)
ED 5 (83.3%)

Tissue origin
Sigmoid colon 1
Rectum 1

SCLC, Small cell lung cancer. AJCC, American Joint Commmittee on Cancer. LD, Limited disease. ED, Extensive disease.



Results

MicroRNA profiles of lung adenocarcinomas. Table I
summarizes clinicopathological characteristics of the lung
cancer specimens used. There were 35 lung carcinomas and
2 adjacent normal lung tissue samples. In addition, there
were two colorectal cancer metastases in the lung. 

We first compared lung adenocarcinomas with histologically-
normal, adjacent lung tissue at the surgical margin of resected
tumor specimens (Table II). miR-183 family microRNAs were
most significantly overexpressed in lung adenocarcinomas 
(p-values <10–7 and 5×10–5 for miR-183 and miR-182,
respectively) consistent with previous studies (7-10). miR-486-
5p was most significantly underexpressed in lung
adenocarcinomas (p=1.1×10–5) consistent with previous studies
(8, 11, 12). Thus, our lung adenocarcinomas did not show
striking difference in microRNA profiles from those previously
reported for lung adenocarcinomas in Caucasians.

MicroRNA profiles of the histology. We then compared
histological subtypes for microRNA expression profiles. Figure
1A shows the PCA of primary lung carcinomas according to
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Figure 1. A: Principal component analysis (PCA) for primary lung
cancers according to histology. Samples were clustered according to
histology. B: A PCA plot for primary tumors shown in green and
metastatic adenocarcinomas in the lung shown in brown. Primary and
metastatic adenocarcinomas were separately clustered from each other.
C: Expression profiles of two microRNAs miR-552 and miR-592
differentially expressed between primary (left) and metastatic (middle)
adenocarcinomas in the lung at p<10–6. Average level of expression of
miR-552 in metastatic adenocarcinomas was 39-times higher and that of
miR-592 was 6-times higher. MicroRNA profiles of primary colorectal
cancer in our database (right) indicated that these two microRNAs were
overexpressed in primary colorectal cancer relative to primary lung
adenocarcinoma. Heatmap generated using a pseudocolor image with
microRNA centering. Red and green colors denote high and low
expression of microRNA, respectively.

Table II. MicroRNAs that are differentially expressed in cancer
compared to normal tissue at p<0.001.

Probe set

Overexpressed in p-Value Adenocarcinoma Normal Ratio
adenocarcinoma

hsa-miR-183_st <10–7 444 13 33.5 
hsa-miR-200a-star_st 8×10–7 108 4 24.4 
hsa-miR-181d_st 8×10–6 241 43 5.7 
hsa-miR-200a_st 1×10–5 909 96 9.5 
hsa-miR-182_st 5×10–5 2307 395 5.8 
hsa-miR-503_st 6×10–5 167 13 12.5 
hsa-miR-1287_st 0.0001 30 2 14.6 
hsa-miR-24-2-star_st 0.0002 143 40 3.6 
hsa-miR-424-star_st 0.0002 148 19 7.7 
hsa-miR-17-star_st 0.0003 112 14 8.3 
hsa-miR-130b_st 0.0003 726 143 5.1 
hsa-miR-490-5p_st 0.0006 4 2 1.9 
hsa-miR-183-star_st 0.0007 59 7 8.6 
hsa-miR-34a_st 0.0008 1980 495 4.0 
hsa-miR-141_st 0.0009 442 27 16.4 
hsa-miR-148b_st 0.0009 158 49 3.2 

Underexpressed in 
adenocarcinoma

hsa-miR-486-5p_st 1×10–5 205 3424 0.1 
hsa-miR-718_st 2×10–5 4 11 0.4 
hsa-miR-1470_st 2×10–5 3 7 0.4 
hsa-miR-647_st 3×10–5 3 11 0.3 
hsa-miR-1825_st 3×10–5 12 141 0.1 
hsa-miR-4254_st 4×10–5 3 6 0.4 
hsa-miR-335-star_st 5×10–5 2 4 0.5 
hsa-miR-4315_st 6×10–5 2 12 0.2 
hsa-miR-553_st 6×10–5 2 11 0.2 
hsa-miR-555_st 7×10–5 2 3 0.7 
hsa-miR-1228_st 0.0001 12 56 0.2 
hsa-miR-4312_st 0.0003 3 9 0.3 
hsa-miR-940_st 0.0003 14 83 0.2 
hsa-miR-1914_st 0.0004 3 7 0.4 
hsa-miR-558_st 0.0004 2 3 0.6 
hsa-miR-129-star_st 0.0006 3 6 0.4 
hsa-miR-2355_st 0.0006 2 3 0.7 
hsa-miR-1227_st 0.0007 3 6 0.4 
hsa-miR-1281_st 0.0009 52 672 0.1 

Overexpressed in SCLC

hsa-miR-375_st 2×10–6 10418 480 0.0 
hsa-miR-93_st 1×10–5 12380 2730 0.2 
hsa-miR-130b_st 7×10–5 3033 143 0.0 
hsa-miR-210_st 0.0002 1909 144 0.1 
hsa-miR-182_st 0.0002 6169 395 0.1 
hsa-miR-217_st 0.0010 1543 2 0.0 

Underexpressed in SCLC

hsa-miR-211_st 4×10–5 2 5 2.0 
hsa-miR-1825_st 0.0005 10 141 13.6 
hsa-miR-647_st 0.0006 3 11 4.6 
hsa-miR-335-star_st 0.0007 2 4 2.2 
hsa-miR-4254_st 0.0009 2 6 2.4 



histology. The three histological subtypes clustered separately
from one another. Table III summarizes the microRNAs
differentially expressed according to histology. 

We focused on microRNAs that were differentially
expressed between adenocarcinomas and SCLC, since these
tumor types are sometimes mistaken. Prominent among
differentially expressed genes were miR-375, miR-217 and
miR-216a, which were overexpressed in SCLC than in lung
adenocarcinomas. Expression of miR-375 and miR-217 was
also significantly higher in SCLCs compared to normal lung
tissue (p=2.2×10–6 and p=0.0098 respectively) (Table II).
miR-215a was also overexpressed in SCLC at p=0.005. To
our knowledge, no microarray studies have been performed
to compare microRNA profiles between human SCLC tissue
samples and normal tissue samples. Hence, our study also
provides unique data on microRNA profiles of SCLC,
although the sample size is small.

Although comparison between adenocarcinomas and
squamous cell carcinomas is limited by the sample size, lung
adenocarcinomas overexpressed miR-29b-1, miR-375, miR-
2110, miR-29c-star, miR-199b-5p, and miR-146b-3p and
underexpressed miR-617, miR-205-star, and miR-1246
compared to squamous cell carcinomas (Table III). 

Collectively, these 44 microRNAs differentially expressed
between three histological subtypes at p<10–6 predicted
tumor histology with 100% accuracy in 100 randomly drawn
datasets. 

MicroRNA profiles distinguishing between primary and
metastatic adenocarcinomas. The lung is one of the most
frequent sites of metastasis. Distinguishing between primary
and metastatic adenocarcinomas is important due to
differences in their management. Therefore, microRNAs
from two metastasectomy samples were profiled and added
to the primary lung adenocarcinoma dataset. These two
metastases originated from colorectal carcinomas. When the
combined dataset was analyzed by PCA, primary and
metastatic adenocarcinomas were clearly distinct (Figure
1B). The small sample size for metastatic adenocarcinomas
precluded us from performing class prediction analysis after
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Table III. MicroRNAs that are differentially expressed according to
histology at p<10–6.

Probe set

Highest in SCLC p-Value Adenocarcinoma Squamous SCLC

hsa-miR-375_st <10–7 1246 83 10418 
hsa-miR-217_st <10–7 4 3 1543 
hsa-miR-216a_st <10–7 3 4 659 
hsa-miR-486-5p_st <10–7 205 249 4708 
hsa-miR-216b_st <10–7 9 6 611 
hsa-miR-486-3p_st <10–7 5 4 70 
hsa-miR-93_st <10–7 3664 5851 12380 
hsa-miR-592_st <10–7 2 2 41 
hsa-miR-124_st <10–7 2 3 70 
hsa-miR-196b-star_st <10–7 4 7 38 
hsa-miR-1246_st 4×10–7 88 1048 1500 
hsa-miR-130b_st 5×10–7 726 572 3033 
hsa-miR-1273d_st 9×10–7 9 12 34 

Highest in adenocarcinoma

hsa-miR-29b-1-star_st <10–7 101 21 5 
hsa-miR-29a_st <10–7 4295 2297 619 
hsa-miR-34a-star_st <10–7 77 50 6 
hsa-miR-199a-5p_st <10–7 1629 1159 74 
hsa-miR-199a-3p_st <10–7 4169 2837 233 
hsa-miR-100_st <10–7 2566 1149 174 
hsa-miR-146b-5p_st <10–7 1822 854 324 
hsa-miR-2110_st <10–7 116 34 34 
hsa-miR-28-3p_st 1×10–7 718 625 128 
hsa-miR-199b-3p_st 1×10–7 4374 3018 186 
hsa-miR-34a_st 1×10–7 1980 1162 120 
hsa-miR-574-3p_st 2×10–7 1661 1134 295 
hsa-miR-21_st 2×10–7 2352 1054 240 
hsa-miR-29c-star_st 2×10–7 57 6 8 
hsa-miR-145_st 2×10–7 8393 4813 1573 
hsa-miR-199b-5p_st 3×10–7 33 5 3 
hsa-miR-24-2-star_st 3×10–7 143 126 23 
hsa-miR-146b-3p_st 8×10–7 32 7 4 
hsa-miR-214_st 8×10–7 2151 1537 211 

Highest in squamous

hsa-miR-23a_st <10–7 14127 14328 3975 
hsa-miR-452_st <10–7 100 108 3 
hsa-miR-24_st <10–7 14230 14244 5928 
hsa-miR-224-star_st <10–7 150 235 5 
hsa-miR-617_st <10–7 3 9 2 
hsa-miR-205-star_st <10–7 2 11 2 
hsa-miR-455-3p_st <10–7 1008 1074 73 
hsa-miR-23a-star_st <10–7 47 60 7 
hsa-miR-203_st <10–7 576 947 24 
hsa-miR-152_st <10–7 893 1047 73 
hsa-miR-30a-star_st <10–7 144 73 7 
hsa-miR-224_st 4×10–7 123 278 4 

SCLC, Small cell lung cancer.

Table IV. MicroRNAs that are differentially expressed between primary
and metastatic adenocarcinomas in the lung.

Probe set p-Value Metastasis Primary Ratio
adenocarcinoma

hsa-miR-592_st <10–7 15 2 6.3 
hsa-miR-552_st 2×10–7 105 3 38.5 

Ratio: MicroRNA expression ratio of metastatic adenocarcinomas to
primary lung adenocarcinomas.



training-to-test set allocation. Instead, we performed cross-
validation analysis using all samples as a training set. The
permutation p-values for the misclassification rate (at feature
selection p<10–6) were CCP: 0.02, LDA: 0.01, 1-NN: <0.01,
3-NN: 0.01, NC: 0.01 and SVM: <0.01. These results
indicate that primary and metastatic lung adenocarcinomas
possess different microRNA profiles. In primary vs.
metastatic lung adenocarcinomas, miR-552 and miR-592
were differentially expressed at p<10–6; the level of
expression of miR-552 in metastatic adenocarcinomas was
39-times higher and that of miR-592 was 6 times higher
(Table IV). Expression of both of these microRNAs in
normal lung tissue was also low (data not shown).
Furthermore, microRNA profiles of primary colorectal
cancer in our database indicated that these two microRNAs
were overexpressed in primary colorectal cancer relative to
primary lung adenocarcinoma. The pattern of expression of
these two discriminatory microRNAs is shown in Figure 1C. 

Discussion

To date, little has been published on using microRNA
profiles to distinguish between histological subtypes of
primary lung cancer, especially between lung
adenocarcinoma and SCLC. Huang et al. have reported that
two microRNA panels yield high diagnostic accuracy when
used to discriminate between SCLC and NSCLC [miR-29a
and miR-375; area under the curve (AUC) 0.991 and 0.982
for training and validation data set, respectively] and
squamous cell lung cancer and lung adenocarcinomas (miR-
205 and miR-34a; AUC: 0.977 and 0.982 for training and
validation data set, respectively) (4). Of particular interest,
our microRNA expression profiles were able to distinguish
between lung cancer histological subtypes, including
squamous cell and adenocarcinoma, as well as between
SCLC and NSCLC, with 100% accuracy, as determined from
the 100 randomly drawn datasets analyzed in this study.
While our list of differentially expressed microRNAs
partially overlaps with data in the literature (4), it also
contains novel biomarkers for histology classification, such
as miR-592 and mi-199a. The classification power of miR-
1246 for the differentiation between adenocarcinomas and
squamous cell carcinomas has not been reported previously.
Given their high predictive power for tumor histology, our
microRNA profiles warrant validation in a larger dataset. 

For the first time to our knowledge, we identified two
microRNAs, namely miR-592 and miR-552, that can be used
to differentiate between primary lung adenocarcinomas and
colorectal cancer metastases in the lung. Lung
metastasectomy samples are rare, so our study was limited
by the small number of specimens available. Nevertheless,
we found that both these microRNAs were also
overexpressed in primary colorectal cancer, suggesting that

the profiles described are robust. These findings are
consistent with data in the literature, which suggest that
miR-592 and miR-552 are expressed in human colon cancer
specimens (13, 14). The striking difference in miR-592 and
miR-552 expression levels between primary and metastatic
lung adenocarcinomas suggest that further studies are
warranted to validate the classification power of these two
microRNAs.
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