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Abstract
Purpose This study aimed to investigate the clinical significance of combining peripheral blood miR-21 and miR-486 
with CT for the early cancer diagnosis in pulmonary nodules.

Methods A total of 215 patients diagnosed with isolated pulmonary nodules with a history of smoking were 
selected as researchsubjects. 30 healthy volunteers with a history of smoking were recruitedas the control group.
The selection of subjectswas based on the presence of isolated pulmonary nodules detected on chest CT scans. The 
training set consisted of 65 patients with lung nodules and 30 healthy smokers, while the verification setincluded 150 
patients with lung nodules.

Results Compared with the control group, the plasma expression level of miR-210 was significantly higher in 
the group of patients with benign pulmonary nodules (P < 0.05). The level of miR-486-5p was lower in patients 
with malignant pulmonary nodules compared to those with benign pulmonary nodules (P < 0.05). Moreover, the 
plasma level of miR-210was higher in patients with malignant pulmonary nodules compared to those with benign 
pulmonary nodules and healthy smokers (P < 0.05). The combination of miR-21 and miR-486 yielded an AUC of 0.865, 
which was significantly higher than any other gene combination (95%CI: 0.653–0.764, P < 0.05).

Conclusions This study offered preliminary evidence supporting the use of peripheral blood miR-21 and miR-486, 
combined with CT scans, as potential biomarkers for the early cancer diagnosis in lung nodules.
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Introduction
Lung cancer ranks second in both the United States and 
worldwide as one of the most prevalent cancers, and it 
is the leading cause of cancer-related deaths [1]. In an 
effort to detect lung cancer at earlier stages, multiple ran-
domized trials have been conducted in the United States 
and Europeusing high-resolution CT imaging. The wide-
spread use of CT scans and improved sensitivity has led 
to a significant increase in the number of solitary pul-
monary nodules found in asymptomatic individuals [2]. 
Solitary pulmonary nodules can be neoplastic (either 
malignant or benign) or non-neoplastic, and they can be 
caused by various factors such as benign and malignant 
tumors, infectious diseases, and abnormal blood vessels 
in the lungs [3, 4]. However, only a small proportion of 
solitary pulmonary nodules turn out to be malignant 
tumors. Hence, it is essential to establish a definite diag-
nosis of solitary pulmonary nodules before any surgical 
intervention. This approach enables the early detection 
of lung cancer, when it is most treatable, and precents 
unnecessary invasive biopsy and treatment of benign 
tumors [5]. Although non invasive lung nodule biopsy 
methods such as puncture biopsy and EBUS-TBLB can 
provide accurate diagnosis of malignant tumors, they 
carry inherent risks and may occasionally produce uncer-
tain results. Moreover, a considerable number of locally 
advanced lung cancer patients in stage III or higher 
refuse to undergo biopsy due to concerns about tumor 
implantation expansion during the biopsy process. Con-
versely, relying solely on a series of chest radiographs can 
prevent unnecessary surgery for benign conditions, but 
it may also lead to delays in the accurate diagnosis and 
treatment of malignant tumors. Therefore, it is of great 
clinical significance to develop new noninvasive and 
high-precision diagnostic techniques for lung cancer. 
One promising method is to identify molecular genetic 
changes associated with lung cancer in biological flu-
ids [6]. MicroRNAs (miRNAs) play an important role in 
various biological processes [7–9]. Some miRNAs act as 
oncogenes or tumor suppressorsduring tumor develop-
ment, and their altered expression levels can contribute 
to tumor initiation and progression. Abnormal miRNAs 
expression patterns in lung cancer have been proposed 
as potential biomarkers. This distinct expression patterns 
of miRNA in tumor cells compared to normal cellscan 
be detected in blood and tissuesamples [10, 11]. By ana-
lyzing miRNA profilesin individuals with and without 
lung cancer, researchers can identify specific signatures 
or characteristics of miRNA associated with the disease 
[12, 13]. Plasma miRNA has emerged as a promising cir-
culating biomarker [14]. Abnormal miRNA expression 
in plasma can differentiate individuals with lung cancer 
from those without the disease. Therefore, the aim of this 
study was to investigate whether plasma miRNA could 

serve as a potential biomarker of lung cancer in indi-
viduals with solitary pulmonary nodules detected by CT. 
Theresults of this study demonstrated that a combination 
of miR-21 and miR-486 might serve as a circulating bio-
marker for distinguishing lung tumors from benign soli-
tary pulmonary nodules.

Participants
From January 2019 to December 2022, we enrolled 215 
patients diagnosed with isolated pulmonary nodules 
with a history of smoking at our hospital. The age range 
of theparticipantswas 48 to 76 years, with an average age 
of 66.42 ± 6.82 years. Among them, there were130 males 
and 85 females. Additionally, 30 healthy volunteers with 
a history of smoking were included as the control group.
The selection of participants was based on the presence 
of solitary pulmonary nodules detected through chest 
CT scans. Prior to their inclusion in the study, all patients 
provided informed consent. Among the participants, 
65individuals with pulmonary nodules and 30 healthy 
volunteers were assigned to the training set, while the 
remaining 150 patients with pulmonary nodules were 
assigned to the verification set.

Inclusion criteria
The inclusion criteria for the study were as follows: 
patients diagnosed with isolated pulmonary nodules with 
a history of smoking; presence of single, round/nearly 
round lung lesions identified in the chest CT scans; nod-
ule diameter ≤ 3 cm; absence of noticeable symptoms; and 
confirmation of the final diagnosis samples obtained via 
CT-guided transthoracic biopsy, transbronchial biopsy, 
assisted thoracoscopic surgery, or surgical resection.

Exclusion criteria
The exclusion criteria for the study were: individuals 
previously diagnosed with benign or malignant pulmo-
nary nodules; incomplete clinical data; and patients who 
refused to provide informed consent.

Medical ethics considerations
This study was allowed by the local institutions review 
committee and conducted in accordance with the prin-
ciples in the Helsinki Declaration.

Materials and methods
Plasma sample collection
Peripheral blood samples were collected using a stan-
dardized blood drawing procedure. A total of 10  ml 
of blood was drawn into a BD vacuum spray-coated 
K2EDTA tube. The blood samples were thenprocessed 
within 2  h of collection by centrifugation. The plasma 
was carefully transferred to a test tube and stored at-80 
℃ until further use.
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Isolation of RNA
RNA isolation from plasma was performed using the 
mirVana miRNA isolation kit, following our previous 
research protocols. The purity and concentration of the 
extracted RNA were assessed using a double-beam ultra-
violet spectrophotometer. The integrity of the RNA sam-
ples was evaluated using a bioanalyzer 2100. Only RNA 
samples with a RNA integrity value greater then8 were 
included for further analysis.

qRT-PCR
qRT-PCR was performed using the TaqMan MicroRNA 
RT Kit. The expression level of five specific miRNAs 
(miR-21, miR-126, miR-210, miR-375, and miR-486) 
in plasma were quantified using the Ct method and the 
2−ΔΔCtformula. The Ct value of the target miRNA was 
normalized to the Ct value of miR-16.

Statistical analysis
All data in this study were analyzed using SPSS20.0 
statistical analysis software (IBM, USA). The measure-
ment data were presented as mean ± standard devia-
tion (x̄± s). Groups comparisons were performed 
using either one-way ANOVA or repeated measure-
ment ANOVA, followed by LSD-t test for intergroup 
comparisons. The counting data were presented as 
percentage (%), and group comparisons groups were 
analyzed using the χ2 test. A P < 0.05 was considered 
statistically significant.

Results
Analysis of clinical characteristics of subjects
The control group had an average age of 65.38 ± 5.24 
years, consisting of 18 males and 12 females, with an 
average BMI of 23.54 ± 2.05 kg/m2. The benign group had 
an average age of 67.51 ± 6.38 years, including 21 males 

and 13 females, with an average BMI of 22.39 ± 1.88 kg/
m2. The malignant group had an average age of 
66.42 ± 4.75 years, comprising 20 males and 11 females, 
with an average BMI of 23.56 ± 2.17  kg/m2. In terms of 
NSCLC staging, there were 12 cases in stage I, 8 cases in 
stage II, and 11 cases in stage III-IV. Among the cases, 17 
cases (54.83%) were diagnosed as adenocarcinoma, and 
45.17% were squamous cell carcinoma (Table 1).

Analysis of the clinical characteristics of patients in the 
validation set
Statistical analysis of the general data for patients in 
the verification set revealed that the benign pulmonary 
nodules group had an average age of 65.29 ± 5.62 years, 
including 48 males and 32 females, with an average 
BMI of 22.54 ± 1.76 kg/m2 and an average nodule size of 
1.62 ± 0.30 cm. The majority of nodules in this group were 
inflammatory nodules (63.75%). The malignant group 
in the verification set had an average age of 67.68 ± 4.41 
years, containing 37 males and 23 females, with an 
average BMI of 23.32 ± 1.95  kg/m2. The average nodule 
size was 2.71 ± 0.36  cm, with inflammatory pulmonary 
nodules being the most common (67.64%). In terms of 
NSCLC staging, there were 22 cases in stage I, 29 cases in 
stage II, and 19 cases in stage III-IV. Among these cases, 
37 (52.85%) were diagnosed as adenocarcinoma, and 33 
(47.15%) were squamous cell carcinoma (Table 2).

Analysis of abnormal miRNA expression in the training set
Abnormal miRNA expression in plasma was determined 
using qRT-PCR. There were no statistically significant 
differences observed in the expression levels of miR-126 
and miR-375 among the three groups (P > 0.05).How-
ever, comparison with the control group, the plasma 
expression level of miR-210 was significantly increased 
in patients with benign pulmonary nodules (P < 0.05). 

Table 1 Analysis of the clinical data of patients in the training set (x̄± s)
Index Control group (n = 30) Benign lung nodule group (n = 34) Malignant pulmonary nodule group (n = 31)
Age (years) 65.38 ± 5.24 67.51 ± 6.38 66.42 ± 4.75
Gender (male/female) 18/12 21/13 20/11
BMI(kg/m2) 23.54 ± 2.05 22.39 ± 1.88 23.56 ± 2.17
Nodule size (cm) - 1.77 ± 0.24 2.65 ± 0.35
NSCLC staging - -
I - - 12(38.71%)
II - - 8(25.81%)
III-IV - - 11(35.48%)
Glandular cancer - - 17(54.83%)
Squamous cell carcinoma - - 14(45.17%)
Benign inducement - - -
Inflammatory lesion - 23(67.64%) -
Meat quality - 3(8.82%) -
Granuloma - 3(8.82%) -
Fibrosis - 2(14.72%) -
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Furthermore, when compared to individuals with benign 
pulmonary nodules, those with malignant pulmonary 
nodules exhibited higher expressionlevels of plasma 
miR-210 (P < 0.05). Conversely, the expression of plasma 
miR-486-5p was significantly decreased in individuals 
with benign pulmonary nodules compared to the con-
trol group, (P < 0.05). Additionally, the patients with 
malignant pulmonary nodules displayed lower expres-
sion levels of miR-486-5p in plasma compared to those 
with benign pulmonary nodules (P < 0.05). To sum up, 
the plasma expression level of miR-210 inpatients with 
malignant pulmonary nodules was greatly higher than 
that in patients with benign pulmonary nodules and 
healthy smokers (P < 0.05). Similarly, the plasma expres-
sion level of miR-486-5p in patients with malignant pul-
monary nodules was lower than that in patients with 
benign pulmonary nodules and healthy smokers. There-
fore, these two miRNAs were considered to have the 
potential to serves asplasma biomarkers for differentiat-
ing malignant pulmonary nodules (Fig. 1; Table 3).

Table 2 Analysis of the clinical features of patients in the 
verification set (x̄± s)
Index Benign lung nod-

ule group (n = 80)
Malignant 
pulmonary 
nodule group 
(n = 70)

Age (years) 65.29 ± 5.62 67.68 ± 4.41
Gender (male/female) 48/32 37/23
BMI(kg/m2) 22.54 ± 1.76 23.32 ± 1.95
Nodule size (cm) 1.62 ± 0.30 2.71 ± 0.36
NSCLC staging
 I - 22(31.42%)
 II - 29(41.42%)
 III-IV - 19(27.14%)
 Glandular cancer - 37(52.85%)
 Squamous cell carcinoma - 33(47.15%)
Benign inducement
 Inflammatory lesion 51(63.75%) -
 Meat quality 7(8.75%) -
 Granuloma 8(10.00%) -
 Fibrosis 6(7.50%) -

Fig. 1 Analysis of abnormal miRNA expression in training subjects
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The relationship between plasma miRNA expression and 
clinical features
Pearson correlation analysis revealed that the expres-
sion changes of the miR-21 and miR-486-5p genes were 
not associated with age, sex, or histological pattern 
of the participants (P > 0.05). However, these expres-
sion changes were significantly correlated with smoking 
(P < 0.05). In addition, the expression levels of miRNA in 
plasma were found to be related to the size of pulmonary 
nodules (P < 0.05) (Table 4).

ROC curve analysis of plasma miRNA expression levels
TheAUC values demonstrated that miRNA analysis pro-
vided accurate sensitivity and specificity in distinguishing 

between benign nodules and malignant nodules. Fig-
ure  2A-E depicted the ROC curves of five individual 
miRNAs, while Fig.  2F displayed the ROC curve of the 
combined miR-210 and miR-486-5p.

Wilcoxon rank sum test
The AUC for the combination of miR-21 and miR-486 
was 0.865, which was significantly higher than any other 
combination of genes (95% CI: 0.653–0.764, P < 0.05) 
(Table 5).

Evaluation and analysis of miRNA in the validation set
The diagnostic performance of miR-21 combined with 
miR-486 in pulmonary nodules was evaluatedthrough 

Table 3 Analysis of abnormal miRNAexpression in the training set (x̄± s)
Gene Control group (n = 30) Benign lung nodule group (n = 34) Malignant pulmonary nodule group (n = 31) Variance ratio P value
miR-375 1.72 ± 0.34 1.64 ± 0.31 1.71 ± 0.30 5.227 0.144
miR-126 7.49 ± 1.03 6.37 ± 0.58 6.42 ± 0.54 3.449 0.295
miR-21 0.65 ± 0.18 4.28 ± 0.85 5.66 ± 0.72 14.056 0.007
miR-210 1.05 ± 0.25 1.81 ± 0.34 1.15 ± 0.54 4.672 0.142
miR-486 7.94 ± 0.77 5.42 ± 0.55 4.14 ± 0.32 12.005 0.013

Table 4 Relationship between plasma miRNA expression and clinical features (S)
Gene Age Sex Smoking Nodular size NSCLC staging
miR-375 0.083(0.336) -0.114(0.319) 0.527(0.003) 0.2369(0.074) -0.005(0.073)
miR-126 -0.028(0.168) -0.031(0.332) 0.806(0.001) 0.029(0.068) 0.313(0.08)
miR-21 0.076(0.024) -0.0639(0.509) 0.21(0.024) 0.081(0.038) -0.124(0.06)
miR-210 -0.032(0.556) -0.234(0.274) 0.75(0.017) 0.213(0.215) -0.044(0.319)
miR-486 0.159(0.112) -0.136(0.114) 0.25(0.003) 0.135(0.021) -0.046(0.537)

Fig. 2 ROC curve of plasma miRNA expression levels
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sensitivity and specificity analysis. The specificity and 
sensitivity of the combination of miR-21 and miR-486 
in differentiating pulmonary nodules were 84.37% and 
77.29%, respectively. There were no statistical differences 
in the diagnostic sensitivity and specificity of miR-21 and 
miR-486 concerning lung tumor staging and tumor tis-
sue (P > 0.05). These findingsdiscovered that miR-21 and 
miR-486 could be used as reliable markers forearly-stage 
lung tumors in individuals detected through CT scans 
(Table 6).

Discussion
When solitary pulmonary nodules are detected in the 
lungs, CT scans are commonly used by doctors to eval-
uate their nature and possible causes [15]. Solitary pul-
monary nodules refer to small, single lump or nodules 
in lung tissue that are typically less than 3  cm in diam-
eter. These nodules appear as round or oval shapes on 
CT images and are clearly distinguishable from the sur-
rounding lung tissue [16]. CT examination, a widely used 
non-invasive imaging technique, utilizes X-ray and com-
puter technology to provide high-resolution lung images. 
It enables detailed assessment of structural information 
such as size, shape, density, and other characteristics of 
lung nodules. Through CT scans, doctors can quanti-
tatively and qualitatively evaluate solitary pulmonary 
nodules to determine whether they are benign or malig-
nant [17]. In recent years, miRNA has gained signifi-
cant research interest as an important molecule in gene 
expressionregulation [18]. MiRNA is a type of noncoding 
RNA molecule about 22 nucleotides in length. It can bind 
to the mRNA of the target genes, thereby inhibiting or 
promoting their transcription and translation processes. 

Abnormal miRNA expression is associated with the 
development of various cancers. In the study of solitary 
pulmonary nodules, miRNA has emerged as a potential 
biomarker of interest. By analyzing the expression lev-
els of miRNA in lung tissue or peripheral blood, specific 
miRNA patterns related to pulmonary nodules can be 
identified [19]. The abnormal expression of these miRNA 
may be linked to the occurrence, progression, and dif-
ferentiation between benign and malignant pulmonary 
nodules. Hence, researchers have begun exploring the 
potential of miRNA as a diagnostic tool to aid in the 
identification of cancer in solitary pulmonary nodules. 
The combination of CT examination and miRNA analysis 
has the potential to enhance the accuracy of early diagno-
sis of solitary pulmonary nodules [20]. CT provides mor-
phological features of pulmonary nodules, while miRNA 
analysis offers molecular-level biomarker information. 
By integrating these two methods, the benign and malig-
nant potential of solitary pulmonary nodules can be bet-
ter evaluated, thereby guiding subsequent treatment 
decisions.

As a significant factor in tumor development, the up-
regulation of miR-21 has been associated with tumor 
occurrence and progression, making it a potential bio-
marker for tumors [21]. For instance, recent research has 
identified miR-21 as one of the plasma miRNA scapable 
of distinguishing patients with early-stage lung cancer. 
Moreover, miR-486-5p is often under-expressed in vari-
ous tumors [22]. In this study, the expressionlevels of 
miR-486-5p were found to be lower in lung tumor tissues 
compared to matched normal lung tissues. Consistent 
with previous findings in tissue samples, this study dem-
onstrated that miR-486-5p expressionin the plasma of 
lung cancer patients was lower thanin those with benign 
and healthy smokers. The results from surgical tissues 
and plasma samples suggested that down-regulation 
of miR-486-5p may play a role in tumor inhibition dur-
ing lung cancer development. Several laboratories have 
investigated the diagnosis of lung cancer by analyzing 
cancer-related miRNA in blood [23, 24]. For example, a 
recent study identified specific miRNA profiles in plasma 
that could be used for the diagnosis of lung cancer and 
the detection of t invasive diseases even before spiral CT 
imaging [25]. Considering the accuracy, the combined 
use of miRNAs and CT in the future may overcome con-
quer the low sensitivity limitation of imaging analysis in 
the early detection of lung cancer.

We aimed toassess the clinical value of peripheral 
blood miR-21 and miR-486 in conjunction with CT scans 
for the early diagnosis of cancer in pulmonary nodules. 
The study included 215 patients diagnosed with soli-
tary pulmonary nodules and 30 healthy volunteers with 
a history of smoking as the control group. It was found 
that the plasma expression level of miR-21 increased in 

Table 5 Wilcoxon rank sum test (x̄± s)
ROC model zone standard 

deviation
95% con-
fidence 
interval

MiR-21 and miR-210 0.724 0.052 0.352–0.885
MiR-21 and miR-486 0.855 0.016 0.813–0.942
MiR-20 and miR-486 0.726 0.057 0.653–0.764
MiR-20, miR-21 and 
miR-486

0.773 0.054 0.781–0.966

Table 6 Evaluation and analysis of miRNA in the validation set 
(x̄± s)
Index Specificity Sensitivity
All subjects 84.37% 77.29%
Histological types
glandular cancer 84.37% 75.33%
Squamous cell carcinoma 84.37% 76.49%
Stages
 I 84.37% 75.00%
 II 84.37% 79.21%
 III 84.37% 73.48%
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the benign and malignant groups compared to thecon-
trol group, while the expression level of miR-486-5p 
decreased. Furthermore, the expression level of miR-
21 in the malignant group was significantly higher than 
that in the benign group and control group, whereas the 
expressionlevel of miR-486-5p in the malignant group 
was lower thanin the benign group and control group. 
The study also found that the expression levels of these 
two miRNAs were linked to smoking and the size of pul-
monary nodules. The combination of miR-21 and miR-
486 exertedhigh accuracy in distinguishing the nature of 
pulmonary nodules, with an AUC of 0.855, significantly 
higher than other gene combinations. The combined use 
of miR-21 and miR-486 exhibited a sensitivity of 77.29% 
and a specificity of 84.37%. In addition, there were no sta-
tistical differences between miR-21 and miR-486 in diag-
nostic sensitivity and specificity for lung tumor staging 
and tumor tissue.

Our study highlighted the potential of combining 
peripheral blood miR-21 and miR-486 with CT scans as 
biomarkers for the early diagnosis of cancer in pulmo-
nary nodules. The abnormal expression of miR-21 and 
miR-486 was found to be related to malignant lung nod-
ules, and their combined use couldenhancediagnosisac-
curacy. However, further research is necessary to verify 
these findings and explore their potential applications in 
clinical practice. It is important to acknowledge the limi-
tations of this study. First of all, the research sample size 
was relatively small, which may introduce selection bias. 
Secondly, the study only included patients from a single 
hospital, which may limit the generalizability of the find-
ings to otherregions. Thirdly, this study focused solely on 
the expression levels of miR-21 and miR-486, potentially 
overlooking the role of other miRNAs. Therefore, further 
large-scale, multi-center studies are needed.

In conclusion, this study providedinitial evidence sup-
porting the potential of miR-21 and miR-486 in periph-
eral blood, combined with CT scans, as biomarkers for 
the early cancer diagnosis in pulmonary nodules. These 
findings offered new insights into the development of 
early diagnosis of lung cancer and held promise for their 
future clinical application.
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