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Background: MicroRNA (miRNA) expression is correlated with tumor histology, differentiation, 

invasiveness and treatment outcome. We aimed to identify miRNAs whose differential expres-

sion might enable early diagnosis of lung adenocarcinoma in patients presenting with ground-

glass nodules (GGNs).

Methods: To identify potential miRNAs of interest, we analyzed the miRNA expression profile 

of tumor and adjacent non-para-tumor tissue in three participants by next-generation sequencing 

(NGS). We then assessed the expression levels of the miRNAs of interest in 73 lung adenocarci-

nomas presenting with GGNs with matched adjacent non-tumor tissue by quantitative real-time 

polymerase chain reaction (qRT-PCR). We also detected the miRNA panel in 66 lung benign 

diseases and 66 lung adenocarcinomas presenting with GGN lesion tissues by qRT-PCR. Target 

genes of our selected miRNA panel were predicted using Miranda with default parameters.

Results: Twenty-three miRNAs showed differential expression between tumor and adjacent 

non-tumor tissue by NGS. Five miRNAs exhibited higher expression in tumor tissue compared 

to adjacent non-tumor tissue (P,0.05); 18 miRNAs demonstrated lower expression in tumor 

tissue versus adjacent non-tumor tissue (P,0.05). When qRT-PCR was performed for the 

23 miRNAs identified by NGS in the pilot stage, seven were found to have statistically significant 

expression in tumor versus adjacent non-tumor tissue (P,0.05). The sensitivity and specificity 

of seven-miRNA panel were 86.4% and 60.6%, respectively.

Conclusion: The predicted targets of our miRNAs of interest are frequently associated with 

cancer signaling pathways. We developed a miRNA panel that could potentially predict the 

presence of lung adenocarcinoma in patients presenting with GGNs.

Keywords: microRNA, miRNA, ground-glass nodules, GGNs, next-generation sequencing, 

NGS, lung adenocarcinoma, early diagnosis

Introduction
Lung cancer is one of the leading causes of cancer deaths worldwide. Adenocarcinoma 

represents over 40% of diagnosed lung cancer cases.1,2 At least in part due to the lack 

of an effective method for early diagnosis, lung adenocarcinoma is usually locally 

advanced or metastatic when discovered, and the prognosis is poor (5-year survival 

rate of 15%).2 Therefore, an effective, dependable, non-invasive tool for the early 

diagnosis of lung cancer would go very far to improve the prognosis and reduce the 

mortality of patients.

On computed tomography (CT) scan images, pulmonary ground-glass nodules 

(GGNs) appear as hazy lesions overlying bronchial structures or pulmonary vessels.3 

The presence of GGNs, which are being detected with increasing frequency, is strongly 
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suggestive of lung cancer, particularly lung adenocarcinoma. 

However, GGNs can also represent an entirely benign 

process.4 The clinical management of pulmonary GGNs 

remains controversial and complex. There is a crucial need 

for better biomarkers to identify which patients presenting 

with GGNs are at high risk for harboring lung adenocarci-

noma and therefore require aggressive and speedy interven-

tion to increase the likelihood of successful treatment.

MicroRNAs (miRNAs) are a category of small non-

coding RNAs between 18 and 24 nucleotides in length5 

that play a role in various pathologic processes including 

oncogenesis and tumor metastasis. Abnormal miRNA 

expression and function have been found in multiple human 

cancers. MiRNAs have the potential both as biomarkers 

and new drug targets for cancer patients.6–8 For example, 

differential expression of the precursors of miRNA-155, 

mature miRNA-15 and miRNA-16 was detected in malig-

nant lymphomas.7 Furthermore, Yanaihara et al10 found 

43 aberrantly expressed miRNAs in a comparison of 104 

paired primary lung cancer and non-tumor tissues. In the 

lung cancer samples, expression levels of 28 miRNAs were 

lower and 15 miRNAs were higher, demonstrating that the 

comprehensive analysis of miRNA expression can identify 

miRNAs associated with cancer.

Next-generation sequencing (NGS) is an effective tool for 

miRNA analysis that quantifies miRNA levels by detecting 

the exact nucleotide sequence. MiRNA sequencing data for 

lung cancer has been reported in several studies.6–9 However, 

this is the first study to report the use of NGS to systemati-

cally characterize miRNAs associated with the presence of 

adenocarcinoma in pulmonary GGNs, which could facilitate 

earlier diagnosis and more successful treatment of patients 

with lung cancer.

In this study, we investigated aberrations of miRNAs in 

resected GGNs to design a miRNA panel that predicts lung 

adenocarcinoma in patients presenting with GGNs.

Materials and methods
Patients and clinical specimens
Patients enrolled in the study were diagnosed with lung 

adenocarcinoma and had one or more intrapulmonary pure or 

partially solid GGNs. In total, 76 pairs of tumor samples from 

adenocarcinomas located in GGNs and adjacent non-tumor 

samples were surgically resected from the enrolled patients 

at Shanghai Pulmonary Hospital between May 2013 and 

June 2015. A total of 66 lung benign diseases and 66 lung 

adenocarcinomas presenting with GGNs lesion tissues were 

surgically resected from the enrolled patients at Shanghai 

Pulmonary Hospital between September 2014 and June 

2015. Immediately following resection, fresh tissue samples 

were flash frozen with dry ice and then stored at -80°C. All 

clinical investigations were performed in accordance with 

the tenets of the Declaration of Helsinki. All participants 

provided written informed consent to participate prior to 

inclusion in the study. The protocol was approved by the 

Shanghai Pulmonary Hospital, Tongji University (issue 

number 13-786, ethical number 13-768). All participants 

were competent to provide their consent.

Next-generation sequencing
MiRNA expression in both tumor and adjacent non-tumor 

tissue was evaluated by NGS in three patients to identify 

whether it is higher or lower in tumor. Extraction of total 

RNA was performed by TRIzol solution (Thermo Fisher 

Scientific), and the RNA quality was measured by Agilent 

BioAnalyzer2100. To achieve optimal tissue miRNA pro-

files, we carried out high-throughput NGS. The adaptor 

sequence was cut by the primer. After the quality inspection 

and the length screening, the basic sequencing fragments 

were selected. Subsequently, miRNAs were reverse tran-

scribed and sequenced using a single-ended 50 bp sequencing 

model on the platform.

To identify miRNAs differentially expressed between 

lung cancer tissues and normal controls, we applied transcripts 

per million (TPM) to normalize the expression of miRNA in 

two groups. Then we calculated fold change (FC) and P-value 

via double sample t-test, and corrected P-value into false dis-

covery rate (FDR). FDR #0.05 and |log2FC| $2 were set as 

the cutoffs to screen out differentially expressed miRNAs.

Validation of the NGS by qRT-PCR
The subset of miRNAs found to be differentially expressed 

in tumor versus non-tumor analysis by NGS was assayed 

by quantitative real-time polymerase chain reaction (qRT-

PCR) in 73 lung adenocarcinoma patients who presented 

with GGNs. Total RNA in tumor and adjacent non-tumor 

tissue was extracted with an RNA Extraction Kit (SLNco, 

Cinoasia, Shanghai, People’s Republic of China), and cDNA 

was synthesized by Prime Script RT reagent Kit (TaKaRa Bio-

technology, Kusatsu, Japan). Primers for the U6 gene and 23 

miRNAs were obtained from Cinoasia (miR-Quant), validated 

with PRIMER 5.0 (ABI, Foster City, CA, USA) and produced 

by Generay (Shanghai, People’s Republic of China).

The cDNA was reverse transcribed using the ReverTra 

Ace® qRT-PCR RT Kit (FSQ-101; Toyobo, Osaka, Japan) 

according to the manufacturer’s protocol (incubation for 
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15 minutes at 37°C and then 5 seconds at 85°C). qRT-PCR 

was performed on a Real time Thermo Cycler (FTC3000; 

Funglyn, Ontario, Canada) with SYBR Green Real-time 

qRT-PCR Master Mix (QPK-201; Toyobo) as follows: 

5 minutes at 95°C, followed by 45 cycles of 15 seconds at 

95°C and 1 minute at 60°C. The specificity of qRT-PCR 

product was assessed by melting-curve analysis. Relative Ct 

values were normalized using the U6 Ct value. Data were 

analyzed with the 2−ΔΔCt formula, where ΔCt = (C
TmiRNA

 - 
C

TU6
). Each reaction was performed in triplicates.

Validation of miRNA panel by qRT-PCR
We chose miRNA with significant difference and the same 

trend for further detection. We also detected the miRNA 

panel in 66 lung benign diseases and 66 lung adenocarcino-

mas presenting with GGN lesion tissue by qRT-PCR. Total 

RNA was extracted with an RNA Extraction Kit (SLNco, 

Cinoasia), and cDNA was synthesized by Prime Script 

RT reagent Kit (TaKaRa Biotechnology). Primers for the 

U6 gene and seven miRNAs were obtained from Cinoasia 

(miR-Quant), validated with PRIMER 5.0 (ABI) and pro-

duced by Generay.

The cDNA was reverse transcribed using the ReverTra 

Ace® qRT-PCR RT Kit (FSQ-101; Toyobo) kit according 

to the manufacturer’s protocol (incubation for 15 minutes 

at 37°C and then 5 seconds at 85°C). qRT-PCR was per-

formed on a Real time Thermo Cycler (FTC3000; Funglyn) 

with SYBR Green Real-time qRT-PCR Master Mix (QPK-

201; Toyobo) as follows: 5 minutes at 95°C, followed by 

45 cycles of 15 seconds at 95°C and 1 minute at 60°C. The 

specificity of qRT-PCR product was assessed by melting-

curve analysis. Relative Ct values were normalized using the 

U6 Ct value. Data were analyzed with the 2−ΔΔCt formula, 

where ΔCt = (C
TmiRNA

 - C
TU6

). Each reaction was performed 

in triplicate.

In silico analysis
The sequencing adapters were clipped from the 3′ end of 

reads, and short reads of less than 18 bp were filtered. Low 

quality reads were filtered if the average base quality score 

was less than 20. The clean reads were aligned to the hg19 

reference human genome using Bowtie2, which does not 

allow any mismatches in the 15 bp seed regions and discards 

reads mapped to 10 or more genomic regions. Mapped reads 

were annotated using BED Tools with miRBase database 

V21. The read counts were transformed to tags per million 

miRNA alignments (TPM) for normalization, and then the 

TPM values were log transformed.

Analysis of the differential expression of miRNAs 

detected by NGS was performed by calculating the FCs of 

miRNA expression and t-test P-value between three tumor 

and three normal samples. We defined significantly dif-

ferent expression levels for a miRNA as a FC $1.5 and a 

P-value ,0.05. We used TarBase v7.0 to identify target genes 

of miRNAs with significantly different tumor expression. The 

TarBase database collects published experimentally validated 

miRNA/gene interactions. Pathway analysis was performed 

with the genes that we found to be targeted by differentially 

expressed miRNAs.

Statistical analysis
Results were presented as mean ± standard error of the mean. 

Graph Pad Prism 5.0 (GraphPad Software, San Diego, CA, 

USA) was used for statistical analysis. All P-values were two 

sided, and P-values ,0.05 were considered significant.

Results
Patient characteristics
Three patients analyzed by NGS were all 55 years old, 

females and non-smokers. Participants’ characteristics, 

which were analyzed by qRT-PCR, are presented in Table 1. 

The median age was 55 years (range: 24–82 years). The 

characteristics of the 73 patients were as follows: 54 were 

female, 55 were never smokers, 78.1% had mixed GGN 

(median GGN size on CT was 12 mm [range, 4–30 mm]), 

54 exhibited one lesion, 17 had two GGNs, and the remaining 

Table 1 Characteristics of 73 patients

Characteristics n (%)

Sex, n (%)
Male 19 (26.0)
Female 54 (74.0)

Age (years), mean 55
Smoker, n (%) 18 (24.7)
Performance status (ECOG), n (%)

0 41 (56.2)
1 31 (42.5)
2 1 (1.4)

Solid component, n (%)
Pure GGN 16 (21.9)
Mixed GGN 57 (78.1)

Lesion diameter, mm (%)
#15 53 (72.6)
.15 20 (27.4)

Number of GGNs, n (%)
1 54 (74.0)
2 17 (23.3)
3 2 (2.7)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; GGNs, ground-
glass nodules.
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two patients had three GGNs. Participants’ characteristics 

with 66 lung benign diseases and 66 lung adenocarcinomas 

presenting with GGNs are presented in Table 2.

Next-generation sequencing
We analyzed expression of 2,231 miRNAs in tumor and paired 

control tissues in three patients, as shown in Figure 1. Of 

these, five miRNAs (hsa−miR−548ar−5p, chr10_7330_star, 

chr17_10932_star, hsa−miR−148a−3p and hsa−miR−210−3p) 

exhibited higher expression in the adenocarcinoma samples than 

that in the paired control non-tumor tissues (P,0.05), and 18 

miRNAs (hsa−miR−548x−5p, hsa−miR−144−3p, hsa-miR-106-

a-5p, hsa−miR−548ay−5p, hsa−miR−199a−3p, hsa−miR−378d, 

hsa−miR−4732−3p, hsa−miR−486−3p, chr7_5517, 

hsa−miR−1307−5p, chr17_10880, hsa−miR−127−3p, 

hsa−miR−411−5p, chr1_1402, chr16_10269, hsa−miR−138−5p, 

hsa−miR−212−3p and hsa−miR−33b−5p) demonstrated lower 

expression in adenocarcinoma samples than that in the paired 

control non-tumor tissues.

Validation of NGS results by qRT-PCR
In a validation study using qRT-PCR of 73 tumor and matched 

non-tumor samples, seven miRNAs (hsa−miR−199a−3p, 

chr17_10932, hsa−miR−148a−3p, hsa−miR−210−3p, 

chr1_1402, hsa−miR−378d and hsa−miR−138−5p) were 

confirmed to have significantly different expression (Figure 2). 

chr17_10932, hsa−miR−148a−3p and hsa−miR−210−3p 

exhibited higher expression in the tumor tissue than in adjacent 

non-tumor tissue (P,0.05). By contrast, hsa−miR−199a−3p, 

hsa−miR−378d, chr1_1402 and hsa−miR−138−5p dem-

onstrated lower expression in tumor tissue than that in the 

adjacent non-tumor tissue (P,0.05; Figure 2).

Validation of miRNA panel by qRT-PCR
We also detected the miRNA panel in 66 lung benign diseases 

and 66 lung adenocarcinomas presenting with GGN lesion tis-

sue by qRT-PCR. We used more than 75% of the 2−ΔΔCt value 

in lung adenocarcinoma patients as the cutoff of chr17_10932, 

hsa−miR−148a−3p and hsa−miR−210−3p. We used less than 

75% of the 2−ΔΔCt value in lung adenocarcinoma patients as 

the cutoff of hsa−miR−199a−3p, hsa−miR−378d, chr1_1402 

and hsa−miR−138−5p. The sensitivity and specificity of 

miRNA panel were 86.4% and 60.6%, respectively.

In silico analysis of potential targets 
of the seven validated differentially 
expressed miRNAs
To consider the potential biological functions of the seven 

validated miRNAs, we used TarBase to predict the targeted 

mRNAs. We used the miRand algorithm to predict the 

targets of two novel miRNAs (chr1_1402 and chr17_10932). 

Figure 3 depicts the mRNAs predicted to be targeted by our 

miRNAs of interest. Has-miR-138-5p, has-miR-148a-3p and 

has-miR-210 were predicted to target the largest number of 

mRNAs. Pathway enrichment analysis was performed for 

each predicted target mRNA. The enriched pathways are 

listed in Figure 3, ordered according to the spell out FDR 

here adjusted fisher exact test P-value. Most of the enriched 

pathways were associated with cancer (pancreatic, colorectal, 

bladder and chronic myeloid leukemia) (Figure 3).

Discussion
Worldwide, lung cancer is the leading cause of cancer 

death. Lung cancer’s deadliness is due in large part to the 

fact that only 20% of lung cancer patients are diagnosed at 

an early stage.2 Effective biomarkers could permit earlier 

diagnosis, significantly improving the patient’s prognosis. 

MiRNAs are involved in a myriad of important biological 

processes including development, differentiation, apoptosis 

and proliferation.9 MiRNAs can act as tumor suppressors or 

oncogenes.9 Abnormal expression of miRNAs has been found 

to be an effective biomarker for both solid and hematopoietic 

tumors.6–8,10–12 For example, one previous study suggested 

that miR-125a-5p, miR-145 and miR-146a may be useful 

biomarkers for the clinical diagnosis of non-small-lung 

cancer (NSCLC). However, the data, especially regarding 

GGNs (a hazy opacity in the lung with the preservation of 

bronchial and vascular margins3), remain limited. GGNs can 

indicate both malignant and benign lesions, including lung 

adenocarcinoma, focal interstitial fibrosis, hemorrhage or 

Table 2 Participants’ characteristics with 66 lung benign diseases 
and 66 lung adenocarcinomas presenting with GGNs

Participants’ 
characteristics

Benign 
pulmonary 
diseases

Pulmonary 
malignant

Sex, n (%)
Male 34 (51.5) 27 (40.9)
Female 32 (48.5) 39 (59.1)

Age (years), median 50 56
Smoker, n (%) 20 (30.3) 27 (40.9)
Lung GGNs/nodule size, mean

#8 mm, n (%) 37 (56.1) 30 (45.5)
.8 mm, n (%) 29 (43.9) 36 (754.5)

Number of lung GGNs, n (%)
#3 58 (87.9) 60 (90.9)
.3 8 (12.1) 6 (9.1)

Abbreviation: GGNs, ground-glass nodules.
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infection.3 The difficulty associated with diagnosis involving 

GGN increases the need for and value of molecular markers 

to identify disease.

Several miRNA studies have been reported on various 

cancer types, including chronic lymphocytic leukemia,13 

breast,14 glioblastoma,15 thyroid papillary carcinoma,16 

hepatocellular carcinoma,17 lung10,18 and colon.19,20 The 

downregulation of miR-143 and miR-145 was reported 

in colorectal neoplasia.20 Garzon et al21 demonstrated that 

significant differences in miRNA levels can differentiate 

the stages of megakaryocytopoiesis. Volinia et al8 found 

distinct miRNA profiles in cancer cells compared with normal 

cells. In our study, a miRNA panel (hsa−miR−199a−3p, 

chr17_10932, hsa−miR−148a−3p, hsa−miR−210−3p, 

Figure 1 Heat map of expression data of the 23 miRNAs.
Notes: Heat map of expression data of the 23 miRNAs found to be significantly differentially expressed by next-generation sequencing. The three left columns represent 
the three adenocarcinoma tumor samples from patients 1, 2 and 3, respectively, and the three columns on the right represent the three adjacent normal (N) paired tissues 
from patients 1, 2 and 3, respectively. High expression levels are depicted by red and low by blue.
Abbreviation: miRNAs, microRNAs.
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Figure 2 (Continued)
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Figure 2 AUC of 23 different microRNAs in tumor and non-tumor tissue by qRT-PCR.
Note: *P,0.05.
Abbreviations: AUC, area under the curve; miRNAs, microRNAs; qRT-PCR, quantitative real-time polymerase chain reaction.
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chr1_1402, hsa−miR−378d and hsa−miR−138−5p) shows 

potential as a tool for the early diagnosis for lung adenocar-

cinoma presenting with GGNs.

In a lung cancer study, Yanaihara et al10 found 43 miRNAs 

that were expressed at significantly different levels in lung 

cancer versus matched normal lung tissue. Also, serum 

concentration of miR-1254 and miR-574-5p could serve as 

an early diagnostic marker of lung cancer.22 Serum levels of 

miR-146b, miR-221, let-7a, miR-155, miR-17-5p, miR-27a 

and miR-106a were significantly decreased in NSCLC, while 

miR-29c levels were significantly increased.23 Shen et al24 

were able to distinguish lung cancer patients from controls 

by detecting differences in miR-21, miR-126, miR-210 and 

miR-486-5p in plasma. It has also been demonstrated that 

the panel of miR-155, miR-197 and miR-182 in plasma can 

diagnose lung cancer patients.25 Another independent study 

found seven upregulated and eight downregulated miRNAs in 

lung cancer patients.26 A meta-analysis using the vote-count-

ing strategy showed miR-210 to be expressed significantly 

differently in tumor samples in nine studies, and miR-21 to 

be differentially expressed in seven studies.27 A subsequent 

study of 250 smokers with CT-detected solitary pulmonary 

nodules was able to use plasma levels of miR-21, miR-210 

and miR-486-5p to discriminate malignant from benign 

Figure 3 (Continued)
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Figure 3 miRNA target genes.
Note: Each network represents the interaction of a miRNA (yellow) and its target genes (blue).
Abbreviation: miRNA, microRNA.

disease with 76% sensitivity and 85% specificity,28 indicating 

that miRNA biomarkers could potentially supplement and 

enhance the efficacy of CT screening. This collective body 

of evidence strongly suggests that miRNAs can be diagnostic 

and prognostic markers of lung cancer.22–29 However, we did 

not find data in the literature about miRNA expression pro-

files in lung adenocarcinoma presenting with GGNs, which 

are generally present in early-stage disease.

In order to address this lack of data, we employed 

NGS to identify all the miRNAs that were expressed in 

lung adenocarcinoma presenting with GGNs in three 

patients. Our deep sequencing analysis data identified 

23 significantly differentially expressed miRNAs in 

adenocarcinoma tissue with GGNs compared with paired 

adjacent non-tumor tissue. Among the miRNAs of interest 

identified by NGS, expressions of hsa−miR−199a−3p, 

chr17_10932, hsa−miR−148a−3p, hsa−miR−210−3p, 

chr1_1402, hsa−miR−378d and hsa−miR−138−5p were 

validated to be statistically different by qRT-PCR in a larger 

independent group of 73 paired cancer/normal samples. We 

also detected the miRNA panel in 66 lung benign diseases and 

66 lung adenocarcinomas presenting with GGN lesion tissue. 

The sensitivity and specificity of miRNA panel were 86.4% 

and 60.6%, respectively, while CEA, NSE and CYFRA21-1 

showed sensitivities of 5%, 4% and 17% in stage I and 47%, 

21% and 56% in stage IV, respectively.

MiR-210 has consistently been found to be induced by 

hypoxia and implicated in cancer progression.30–32 Consistent 
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with our data, it is upregulated in multiple tumors and 

associated with poor patient prognosis. Ding et al31 high-

lighted the importance of miR-210 in ovarian cancer 

progression by demonstrating that it promoted cancer cell 

mobility by modulating epithelial–mesenchymal transition. 

Furthermore, one study recently indicated that miR-210 

could be considered as a poor prognostic biomarker for 

lung adenocarcinoma.32 Thus, previous studies support our 

findings that miR-210 could be a biomarker for the early 

diagnosis of lung adenocarcinoma.

Altered miR-378 expression has been shown to con-

tribute to human cancers, including breast, prostate, gastric 

and hepatocellular carcinoma.33,34 Peng et al33 found that 

miRNA-378 is a biomarker for early detection and diagnosis 

of colorectal cancer. Decreased expression of miR-378 has 

been reported in prostate cancer tissue; its overexpression 

results in inhibition of cancer cell migration and invasion 

and promotes cell apoptosis.34 These other findings of altered 

miR-378 in cancer corroborates our finding that miR-378 

could be helpful in the diagnosis of early lung adenocarci-

noma presenting with GGNs.

Our finding that miR-138 is downregulated in adenocarci-

noma presenting with GGNs concurs with mounting evidence 

presented in other studies that miR-138 is dysregulated in 

numerous human cancers including lung and may play an 

important role in tumorigenesis.35,36

Consistent with our findings for lower miR-199a-3p 

expression in tumor samples, other studies have noted its 

altered expression in cancer. Kinose et al37 reported that miR-

199a-3p dramatically suppressed the progression of ovarian 

cancer by downregulating expression of c-Met. Wang et al38 

found that MiR-199a inhibited proliferation and migration by 

regulating CD44-ezrin signaling in cutaneous cancer.

We have found that miR-148a expression level was sig-

nificantly elevated in lung adenocarcinoma patients present-

ing with GGNs. Several studies have revealed differential 

expression of miR-148a in tumor versus non-tumor tissue 

in liver and colorectal cancer.39,40 Li et al41 found that the 

expression levels of circulating miR-148 family miRNAs 

might serve as biomarkers for distinguishing NSCLC from 

benign pulmonary diseases.

Finally, pathway enrichment analysis for the predicted 

target genes of our validated differentially expressed miRNA 

results show strong evidence that these miRNAs were linked 

to cancer pathways. Similar targeting patterns and pathways 

have been observed in many cancer types including col-

orectal, pancreatic, bladder and chronic myeloid leukemia, 

which supports our findings. Others including Kim et al42 

have identified some of the same miRNA targets such as the 

MAPK family as well.

Our work contributes novel data to the literature of 

miRNAs in cancer because we detected miRNAs via NGS, 

enabling us to better identify comprehensive potential diag-

nostic markers. Moreover, we analyzed lung adenocarcinoma 

patients presenting with GGNs, which are known to be corre-

lated to the early stages of lung adenocarcinoma. In addition, 

the differential miRNA expression identified in our study 

was validated in both tumor and matched adjacent non-tumor 

tissue. We also used TarBase v7.0 to identify target genes of 

significantly differentially expressed miRNAs.

There are several limitations in our study. Circulating 

miRNAs in the blood should be analyzed for their potential 

use as the markers for minimally invasive lung cancer diag-

nostics, prediction of treatment efficacy and disease progno-

sis. It has been reported that large numbers of miRNAs are 

released into peripheral blood when cell damage occurs.43–46 

In upcoming research, we plan to compare miRNA levels in 

the blood of adenocarcinoma patients to healthy individuals 

with the goal of identifying and verifying a miRNA signature 

to detect the cancer non-invasively.

This study was aimed to identify characteristic, statisti-

cally significantly different levels of miRNA expression 

in lung adenocarcinoma presenting with GGNs compared 

to non-cancerous tissue. We found seven miRNAs whose 

differential expression could potentially illuminate or 

even initiate lung adenocarcinoma presenting with GGNs, 

though additional research would be necessary to draw any 

definitive conclusions. However, this miRNA panel has 

more immediate potential as a tool for early diagnosis of 

lung cancer.
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