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Abstract

Introduction: Since currently no sensitive and specific biomarkers for early detection of lung
adenocarcinoma (AD) exist and the majority of AD patients are diagnosed at late stages of disease,
the development of effective screening tests for early-stage lung AD is urgently needed. Serum
microRNAs (miRNAs) have been documented as novel noninvasive biomarkers in tumor
diagnosis; thus, we studied the profile of serum miRNA in AD patients in order to identify the
differentially expressed miRNAs as potential biomarkers for early detection of AD.

Patients and Methods: Serum samples were collected from 180 AD patients and 180 age- and
sex-matched healthy controls. Serum miRNA profiling was performed by low-density array (LDA)
using RNA extracted from blood samples of 20 patients and 20 controls. To validate the selected
miRNAs, a stem-loop based RT-qPCR assay was used and serum samples from 160 patients and
160 controls were examined.

Results: Profiling data showed 11 differentially expressed miRNAs in the serum samples from AD
patients compared with the controls. Among them, 6 selected miRNAs in AD patients, including
miR-103, miR-146a, miR-151, miR-21, miR-221, miR-222, and miR-223, were validated by
RT-gPCR. In particular, the top three, miR-146a, miR-222, and miR-223, were confirmed to be
significantly expressed in stage I/ll AD patients compared with healthy controls.

Conclusion: A panel of miRNAs with miR-146a, miR-222 and miR-223 could be used as potential
noninvasive biomarkers for early detection of AD.

Key words: Screening - Low-density array - Receiver operating characteristic (ROC) curve - Area under the
ROC curve (AUC) - Logistic regression.

Introduction

Lung cancer is the most common malignancy in
humans and the leading cause of cancer-related
deaths worldwide [1-3]. Lung cancer is clinically
classified into the following two types, small cell lung
cancer (SCLC) and non-small cell lung cancer
(NSCLC). NSCLC accounts for 85-90% of all lung
cancer cases [4], which is further histologically
subdivided into four categories, including
adenocarcinoma (AD), squamous cell carcinoma (SQ),

large cell carcinoma (LC) and 'others'. Of those, lung
AD is the most common histological type of NSCLC
and is responsible for more than 500,000 deaths
globally every year [5]. The incidence of AD is
dramatically increasing in Chinese and East Asian
populations, especially in females and never smokers
[6, 7]. Moreover, the five-year survival rate of patients
with AD is approximate 15%.

The survival and prognosis of patients with AD
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are closely associated with tumor stage at first
diagnosis. Most of patients with AD are diagnosed at
late stages of disease due to the lack of effective
methods for early detection, leading to high mortality
rates. Imaging and cytology-based screening
strategies have been employed for early detection of
tumors and are demonstrated to be sensitive tools for
several types of tumors, but neither has shown to be
sufficiently effective in either early detection for lung
cancer or significant reduction of AD mortality [8, 9].
Therefore, development of effective screening tests for
early-stage lung cancer, through the identification of
sensitive biomarkers, is urgently needed.

miRNAs are small non-coding RNAs 19-24
nucleotides in length that negatively regulate gene
expression at posttranscriptional levels. miRNAs can
influence a wide variety of cellular functions,
including differentiation and apoptosis, and have
been implicated in tumor genesis according to various
posttranscriptional regulation mechanisms [10-12].
Mounting evidence supports that miRNAs play very
important roles during tumor initiation as well as
tumor progression, migration, invasion, and
metastasis [13-17]. Recent studies revealed that
miRNAs are stably present in serum. The expression
patterns of serum miRNAs are closely correlated with
progression and prognosis in a variety of human
tumors, including lung cancer, colorectal cancer,
prostate cancer, gastric cancer, osteosarcoma, and so
on [18-24]. Circulating miRNAs could be considered
as a novel promising diagnostic and prognostic
biomarker for cancer screening because: (i) serum
miRNAs are readily detectable by RT-qPCR, a
technique that widely used in clinical laboratories; (ii)
blood-based biomarkers are minimally invasive for
the screening of high-risk subjects and early diagnosis
of cancer.

The possible use of blood-based biomarkers for
NSCLC has been evaluated by several studies. Roth et
al. reported serum miR-361-3p and miR-625* as
blood-based markers for discriminating malignant
lung tumors from benign ones [25]. Another study
conducted by Shen et al. showed that four miRNAs,
including miRNA-21, miRNA-126, miRNA-210 and
miRNA-486-5p yielded 86.22% sensitivity and 96.55%
specificity in distinguishing NSCLC patients from
healthy controls [26]. Recently, Dou H et al. found that
plasma let-7c and miR-152 of NSCLC patients are
significantly reduced compared with healthy control,
and the AUC of let-7c and miR-152 was 0.714 and
0.845, respectively, indicating that the two miRNAs
could be promising diagnostic biomarkers for NSCLC
screening [21].

However, the serum miRNA signature in
patients with AD, a major type of NSCLC, has not
been clearly identified. To identify miRNA-based
noninvasive biomarkers that are capable of
distinguishing AD patients from healthy individuals,
we evaluated the expression of serum miRNAs in 180
Chinese patients with AD and 180 healthy controls by
LDA (Exqgion) and RT-qPCR. The diagnostic ability of
differentiated expressed miRNAs was further
evaluated by the AUC according to international
association for the study of lung cancer (IASLC) stage
system.

Patients and Methods

Patients and control individuals

All samples were collected from consenting
individuals according to protocols approved by the
ethics committee of Shanghai Chest Hospital. In this
study, we recruited 180 primary AD patients who
were treated in the Shanghai Chest Hospital and 180
control individuals. To identify serum miRNAs as
promising markers for lung AD, a multiphase and
case-control study was designed. First, to identify
differentially expressed miRNAs between AD
patients and matched controls, a miRNA-profiling
array that includes a total of 766 miRNAs (miRBase
19.0) was initially performed by Exqgion
high-throughput PCR using pooled serum samples
from 20 AD patients. Subsequently the validation of
serum miRNA signature in AD patients was
accomplished by a stem-loop RT-qPCR assay using
the serum samples from 160 patients with AD and 160
controls. This part was subdivided into two phases:
(1) a biomarker-selection phase, in which serum
samples from 40 AD patients formed the training set
and (b) a biomarker-validation phase, in which serum
samples from the other 120 AD patients formed the
validation set. All patients received a diagnosis of
lung AD between 2014 and 2015 and their blood
samples were collected before any therapeutic
procedures, such as surgery, chemotherapy or
radiotherapy. The final diagnosis of AD was made
according to histopathological examination of surgical
tumor resection and the tumor stage was defined by
the operative findings. In the case where AD patients
were unsuitable for surgical operation, their
histopathology characteristics and tumor stage were
confirmed by histobiopsy and imaging technology.
Table 1 summarizes the demographic and clinical
features of the patients. Cancer-free healthy controls
were selected from a large pool of individuals seeking
a routine health checkup at the Shanghai Chest
Hospital. Those control individuals were matched to
the patients by age, sex, and ethnicity.
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Table 1. Demographic and clinical features of AD patients and healthy subjects.
Training set Validation set p-value
Variable AD Control p-value AD Control p-value ADin
(n=40) (n=40) (AD vs. (n=120) (n=120) (AD vs. training vs.
No. % No. % control)  No. % No. % control) validation)
Average age (years) 60.1£7.9 60.2+8.0 0.967 59.948.0 59.4+8.3 0.631 0.673
Age (years) <60 20 50% 21 52.5% 0.823 60 50% 60 50.0% 1.000 1.000
>60 20 50% 19 47.5% 60 50% 60 50.0%
Female 20 50% 20 47.5% 58 48.3% 59 49.2% 0.855
Differentiation Poor 3 7.5% 6 5% 0.251
Moderate 18 45% 59 49.2%
High 19 47.5% 46 38.3%
Unknown 0 0% 9 7.5%
Stage I 26 65% 72 60% 0.522
Il 10 25% 31 25.8%
i 4 10% 10 8.3%
v 0 0% 0 0%
Unknown 0 0% 7 5.8%

Sample processing and RNA extraction

Sera from 20 patients with non-metastatic AD, or
20 controls with similar age and sex distributions,
were used for the high-throughput PCR. Equal
amounts (250 pL) of sera were combined to form two
pools from cases and controls. miRNA was extracted
from each serum pool using a mirVana PARIS Kit
(Ambion, Grand Island, NY, USA), according to the
manufacturer’s instructions. The resulting RNA pellet
was dissolved in 100 puL Elution Solution and stored at
-80 °C until further analysis. For the RT-qPCR assay,
miRNA was extracted from 200 puL serum of each
sample with the mirVana PARIS Kit.

High-throughput PCR array

Low-density —array was performed by
Exigon high-throughput PCR  array  (Exiqon,
Denmark) to examine the expression of 766 miRNAs
in serum circulating RNA of 40 subjects, (20 patients
with AD and 20 healthy subjects).

Quantification of miRNAs by RT-qPCR

Reverse transcription with 7 pL of RNA
extracted from serum sample was performed using
PrimeScript RT Enzyme System, following the
manufacturer’'s protocol (TaKaRa, Japan). cDNA
obtained from the RT reaction was diluted 1:10 with
RNase-free water. The PCR reaction was performed
with gene-specific primers whose sequences are
described in (Supplementary Material) using SYBR
Green I PCR Master Mix (TaKaRa, Japan) in the Roche
480 Real-Time PCR System (Roche, Switzerland).
Each reaction was performed in a 20 pL volume
containing 2 uL. cDNA, 3 pL forward primer, 1.4 pL
universal reverse primer and 10 pL. Power SYBR
Green I PCR Master Mix. The thermal cycling profile
for PCR was set up as follows: pre-denaturation at
95°Cfor 5 min, followed by 40 cycles of denaturation

for 15 s at 95°C, and annealing and extension for 1 min
at 60 °C. A melt curve analysis was performed at the
end of each PCR cycle to validate the PCR product
specificity. The detection limits and dynamic range of
the RT-qPCR assay were assessed with data analyzed.
Meanwhile, the absolute concentration of target
miRNA was calculated using a calibration curve
established with the corresponding synthetic miRNA
oligonucleotide (Supplementary Material). Each
reaction was carried out in triplicate.

Statistical analysis

Statistical analysis was performed with Stata
software (version12.0; StataCorp). Data are presented
as median with inter-quartile range (IQR). The
Mann-Whitney U, a non-parametric statistical test,
was used to compare the differences between the
serum miRNA level of cancer patients and that of
healthy controls. A P-value < 0.05 was considered
statistically significant. For each target miRNA, we
established a Receiver operating characteristic (ROC)
curve to calculate the area under the ROC curve
(AUC) for evaluating both specificity and sensitivity
of the prediction test of AD. The correlation between
AD and serum miRNA level was determined by
logistic regression analysis.

Results

Identification of serum miRNA signature in
AD patients

To identify differentially expressed miRNA in
AD patients, we initially screened pooled serum from
20 patients and 20 healthy donors for the expression
of 766 miRNAs using an Exqion LDA. The results
showed that most miRNAs are down-regulated in AD
patients as compared with health subjects. A
differentially expressed miRNA was considered if
their expression levels showed at least a 5-fold
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difference between AD patients and the control
groups and had a Threshold cycle (Cp) value < 35.
Based on the above criteria, 11 differentially expressed
miRNAs were found to be candidate miRNAs in our
study (Fig.1).

Six miRNAs were differentially expressed in a
large crowd of AD patients

We validated the expression level of 11
candidates of differentially expressed miRNAs that
were selected from the initial screen. These
differentially expressed miRNAs were confirmed by a
stem-loop based RT-qPCR assay using serum samples
from 160 patients with a clinical and pathologic
diagnosis of AD and from 160 healthy control
individuals. There were no significant differences
between the cancer patients and control individuals in
age distribution or sex (Table 1).

The measurement of the level of serum miRNAs
using RT-qPCR proved to be reliable and
reproducible, because semi logarithmic plots of the
calibration curves for various levels of the synthetic
single-strand miRNA calibrators were linear from 1
fmol/L to 100 pmol/L (Fig. S1, A-]). Cp values of
replicate assays were very similar (12 0.990),

indicating that the RNA extraction method was
reproducible. We eliminated a candidate miRNA,
hsa-miR-92a, because it exhibited non-liner
amplification.

In the training set, individual serum samples
from 40 AD patients and 40 healthy controls were
used for miRNA screening, in which only miRNAs
with a mean change > 1.5-fold and a P-value < 0.005
were selected for further analysis. According to these
criteria, six differentially expressed miRNAs,
including miR-103, miR-146a, miR-151-3p, miR-221,
miR-222 and miR-223, were discovered (Table 2).
These six miRNAs were further examined by
RT-gqPCR in a larger cohort consisting of 120 AD
patients and 120 matched controls. Consistent with
the results from the training set, the serum levels of
the above six miRNAs in AD patients were
significantly higher than those in healthy controls.
The increased range in those serum miRNAs was
from 3.46-fold to 11.59-fold (Table 2). Figure 2 shows
the differences in serum levels of the six differentially
expressed miRNAs between 160 AD patients and 160
control individuals enrolled in both training and
validation sets.

Table 2. miRNA concentrations in AD serum samples and control samples in the training and validation sets.

Training set

Validation set

AD Control Fold AD Control Fold

(n=40) (n=40) change p-value (n=120) (n=120) change p-value
miR-103 17.20(27.70) 9.61(13.99) 1.79 <0.0005 17.15(27.46) 4.96(5.47) 3.46 <0.0001
miR-146a 35.20(46.20) 5.20(6.81) 6.77 <0.0001 53.00(47.30) 6.98(6.85) 7.60 <0.0001
miR-151-3p 3.86(3.22) 1.19(1.37) 3.25 <0.0001 3.29(3.14) 0.91(0.86) 3.62 <0.0001
miR-221 31.50(51.47) 12.56(12.56) 251 <0.0005 33.10(54.00) 6.76(11.28) 4.90 <0.0001
miR-222 14.30(14.29) 7.07(8.07) 2.02 <0.0003 21.70(19.80) 3.76(6.19) 5.78 <0.0001
miR-223 171.00(195.10) 31.80(53.60) 5.38 <0.0001 295.00(391.00) 25.45(38.20) 11.59 <0.0001

Annotations: The unit for miRNA concentrations is fM/L. The values before parentheses represent average of the miRNA concentrations, and the values in parentheses

represent the inter-quartile range.
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Figure 1. Identification of serum miRNA signature in AD. Serum miRNA signature was identified by a screening test using high-throughput PCR assay.
Differentially expressed miRNAs were considered according to at least a 5-fold difference between AD patients and control groups and a Cp value < 35.
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Three of the six miRNAs were optimized as a
serum biomarker for AD screening

To further evaluate the diagnostic value of the
screening test for AD, we examined the sensitivity
and specificity of the test using the above mentioned
six differentially expressed miRNAs (Figure S2). On
the basis of the AUC values, a logistic regression
model with the best prediction was defined as
following:

= —2.06102 + 0.0508526 XmiR — 146a

—0.1463608xmiR — 222
+0.0226559XmiR — 223

1
"

As shown in Figure 3A, the composite panel of
the above three miRNAs (miR-146a, miR-222 and
miR-223)  produced 0951 AUC (9% (I,
0.92605-0.97644). Using an optimal cutoff value (p =
0.5015), the sum of the sensitivity (84.35%) and
specificity (90.83%) was maximal for this prediction
model. The analysis confirmed the effectiveness of
this miRNA panel with high accuracy (87.27%) in
discriminating AD from healthy subjects.

The three miRNAs was associated with the
stages of AD patients

The correlation of the miRNA panel and AD
stages according to IASLC Lung Cancer stages
(Seventh Edition), a proposal for the TNM
classification for lung cancer, was also evaluated (Fig.
3B-D). The corresponding AUCs for patients with
IASLC Lung Cancer stages I, II and III were 0.942,
0.968, and 0.954, respectively, as compared to healthy
subjects. These results suggest that even at an early
stage of AD (stage I), this miRNA panel is still able to
discriminate AD patients from healthy subjects.

The three miRNAs was specifically correlated
with AD

Finally, we evaluate the specificity of the miRNA
panel for AD: squamous cell carcinoma (5Q), lung
inflammation (INF) and small cell lung cancer (SCLC)
are used as other lung disease control (Fig. S3). As the
result, the serum miRNA panel level of the patient
with AD was significantly higher than other lung
disease.

Discussion

Previous studies revealed that miRNAs are
stably present in plasma and serum, exhibiting
distinctive miRNA expression profiles in patients
with various tumors, including lung cancer, colorectal
cancer, prostate cancer and pancreatic cancer [18, 19,
27]. These findings implicate the potentials of
circulating miRNAs as novel noninvasive biomarkers

for cancer screening. However, no such markers have
been identified yet for lung AD, and there are none of
effective screening test for early-stage of lung AD till
nowadays, neither. So identification of sensitive
biomarkers for early detection of lung cancer is
urgently needed. Therefore, we aimed to identify the
circulating miRNA signatures for early diagnosis of
AD, the most common type of lung cancer with a high
incidence in Chinese and East Asian populations,
especially in females and never smokers [6, 7].

In the current study, to profiled the expression of
serum miRNAs in Chinese patients with AD, we
developed a reliable strategy that combining
techniques of LDA for screening the candidate
miRNAs using pooled serum samples and RT-qPCR
assay for validation using the other solus serum
samples from 160 AD patients and 160 healthy
controls. As the result, from the cohort of 180 AD
patients and 180 healthy controls, we found that six
serum miRNAs, including miR-103, miR-146a,
miR-151-3p, miR-221, miR-222 and miR-223 were
ubiquitously aberrantly up-regulated in AD patients.
Our findings imply the possibility of those
differentially expressed miRNAs to be used as serum
miRNA signature in AD patients. Interestingly, the
expression level of miR-146a, miR-222, and miR-223 in
stage I/1I AD patients was significantly up-regulated
compared with that in healthy controls and other lung
disease controls, suggesting these three miRNAs can
be wused as noninvasive biomarkers with
high-sensitivity and high-specificity for screening
tests of high-risk subjects and early-stage AD patients.

Moreover, the majority of the aberrantly
expressed miRNAs identified in the serum samples
from AD patients are well-documented cancer-related
miRNAs. For instance, miR-222 is known as one of the
most up-regulated miRNAs in TRAIL-resistant
non-small cell lung cancer cells [28], and it has been
confirmed that miRNA-222 elevates in the serum of
patients with NSCLC [29]. miR-223 overexpression in
serum has also been observed in the patients with
NSCLC [30]. Moreover, miR-223 has been found
up-regulated in tumor samples of gastrointestinal
carcinomas, including gastric, colon, and pancreatic
cancer [31, 32]. Additionally, consistent with our
results, miR-146a has also been reported to be present
in the serum of NSCLC patients [33], but its function
in lung cancer remains unknown. Given that
miR-146a is shown to promote cell proliferation and
colony formation in NIH/3T3 cells [34], it might play
some potent roles in the development of lung cancer.
To further investigate the function of serum miRNAs
in AD and explore the mechanisms underlying
regulation of serum miRNA expression, more
intensive studies are need in the future.
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Additionally, several miRNAs (such as miR-155,
miR-566 and miR-939) have been reported as serum
biomarker of AD in previous studies, but they haven’t
been detected in our research. Gao et al. [35] found
miR-155 highly expressed in the serum of AD patients
compared with the healthy control. However,
miR-155 was just 2.034 fold-difference expressed
between AD patients and healthy control. In the
serum miRNA signature identification stage of our
research, miRNA expression levels showed at least a
5-fold difference between AD patients and the control
groups could be considered as a differentially
expressed miRNA. Maybe that’s the reason why we
didn’t detected miR-155. In another research, Rani et
al.[36] found miR-566 and miR-939 significantly
highly expressed in AD patients compared with
healthy groups. Considering the 4 stages of AD, they

found the level of these two miRNAs increase in stage
II compared with stage I, but substantially decreased
in stage III. Since we performed the
biomarker-selection by Exqion high-throughput PCR
using pooled serum samples from 20 AD patients and
20 healthy controls, respectively, we suspect the
serum from the stage III AD patients diluted the
serum pool, decreasing the level of miR-566 and
miR-939. As a result, we didn’t detected there two
miRNAs.

According to the reports published in recent
years, extracellular/circulating miRNAs have been
detected in a variety of biological fluids. These
miRNAs clearly possess many properties of ideal
biomarkers, such as stability in nuclease-rich body
fluids, unique sequences, and tissue-specific
expression. Accumulating data strongly suggests
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there are three types of membranous vesicles that
contain extracellular miRNA: apoptotic bodies,
shedding vesicles, and exosomes [37-39]. Besides
those vesicles, extracellular miRNA can also be
vesicle-free and associated with Argonaute (AGO)
proteins alone or be incorporated into high-density
lipoprotein(HDL) particles [40-42]. There are two
theories regarding the export and function of
circulating miRNA: (i) they are merely by-products of
routine microvesicle secretion and cell death and (ii)
they are specifically secreted and functional in
intercellular communication. Although either could
be true, further studies are still needed to reinforce the
theory on circulating miRNAs as functional signaling
molecules in vivo [43].

In conclusion, a panel of miRNAs including
miR-146a, miR-222 and miR-223 has both enough
sensitivity and specificity to distinguish AD from
health control and other lung disease. It could be used
as potential noninvasive biomarkers for early
detection and a complementary of routine screening
strategy for AD.

Supplementary Material

Supplementary figures.
http:/ /www.jcancer.org/v08p0048s1.pdf
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