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ABSTRACT:
Objective:  To screen and identify microRNAs (miRNAs) associated with the prognosis of lung 
adenocarcinoma (LUAD) using clinical samples and construct a prediction model for the prognosis 
of LUAD.
Methods:  160 patient samples were used to screen and identify miRNAs associated with the 
prognosis of LUAD. Differentially expressed miRNAs were analyzed using gene chip technology. 
The selected miRNAs were validated using samples from the validation sample group. Cox 
proportional hazards regression was used to construct the model and Kaplan-Meier was used to 
plot survival curves. Model power was assessed by testing the prognosis of the constructed 
model using real-time polymerase chain reaction (RT-PCR) data.
Results:  The data showed that miR-1260b, miR-21-3p and miR-92a-3p were highly expressed in 
the early recurrence and metastasis group, while miR-2467-3p, miR-4659a-3p, miR-4514, miR-1471 
and miR-3621 were lowly expressed. It was further confirmed that miR-21-3p was significantly 
highly expressed in the early recurrence and metastasis group (p = 0.02). Receiver operating 
characteristic (ROC) curve results showed cut-off point value of 0.0172, sensitivity of 88.2% and 
specificity of 100%. The predictive results of the constructed model were in good agreement with 
the actual prognosis of patients by using the validation sample test (Kappa = 0.426, p < 0.001), 
with a model sensitivity of 74.4%, a specificity of 68.3%, and an accuracy of 71.3%.
Conclusion:  miRNAs associated with the prognosis of patients with stage I LUAD were screened 
and validated, and a risk model for predicting the prognosis of patients was constructed. This 
model has good consistency with the actual prognosis of patients.

Introduction

Lung cancer is currently one of the leading causes of 
cancer-related death in the world [1]. It is the most 
prevalent cancer in men and the second most preva-
lent cancer in women [2]. Histologically, lung cancer 
can be divided into small-cell lung cancer (SCLC) and 
non-small-cell lung cancer (NSCLC) [3]. About 80% of 
these lung cancer types are NSCLC [4]. Lung adenocar-
cinoma (LUAD) is the most common histological 

subtype of NSCLC, accounting for approximately 40% 
of all cases [5]. Despite improvements in molecular 
diagnosis and treatment, the prognosis of LUAD 
remains poor and the risk of metastasis and recurrence 
remains high [6]. The main reason is that early lung 
adenocarcinoma is difficult to diagnose, most LUAD 
patients are diagnosed at an advanced stage, and 
effective treatments are lacking [7]. Therefore, the 
5-year survival rate of lung adenocarcinoma is poor. 
Identifying biomarkers and potential therapeutic 
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agents for the diagnosis and prognosis of LUAD is 
important to improve survival in patients with lung 
adenocarcinoma [8].

MicroRNAs (miRNAs) are small non-coding RNAs 
ranging from 18 nucleotides to 25 nucleotides in 
length [9]. MiRNAs interfere with mRNA translation by 
base-pairing with the 3 ‘untranslated region (UTR) of 
target mRNAs, resulting in mRNA degradation or trans-
lational repression [10]. Several studies have shown 
that miRNAs have multiple cellular regulatory roles 
and functions associated with cancer initiation and 
progression [11–13]. MiRNAs can therefore currently be 
an effective biological marker for detecting, classifying, 
and predicting a variety of cancers [14]. Li et  al. iden-
tified eight miRNA signatures as potential biomarkers 
for predicting survival status in LUAD patients [15]. 
Although considerable progress has been made in sys-
tematically evaluating cancer-related miRNAs and 
molecular markers to predict overall survival (OS) or 
response to immunotherapy in LUAD patients, profes-
sional in-depth clinical evaluation still requires more 
diagnostic and therapeutic miRNA biomarkers to sup-
port personalized treatment in lung cancer patients, 
which needs to be confirmed by randomized multi-
center clinical trials [16–18]. Expression profiling using 
high-throughput microarrays has become a widely 
used technique. It can measure the expression of 
thousands of genes at a time and identify new cancer 
biomarkers [19]. In this study, miRNA expression 
microarrays and clinical patient samples were used to 
screen miRNAs associated with the prognosis of LUAD, 
and a risk prediction model was constructed in the 
hope of finding new therapeutic targets and biomark-
ers for LUAD.

Methods and materials

Patient information and tissue samples

Samples of tumor tissue were collected from 160 
patients with lung adenocarcinoma who received a 
surgical resection between January 2004 and December 
2012 at the Department of Thoracic Surgery, Cancer 
Hospital, Chinese Academy of Medical Sciences. All tis-
sue samples were fixed and paraffin-confirmed (FFPE) 
and were confirmed by pathological diagnosis. All 
samples were primary lung adenocarcinoma. 
Clinicopathological features of all patients were col-
lected (Table 1). All patients were followed up until 
April 2019. This study complied with the approved 
guidelines of the Cancer Hospital Chinese Academy of 
Medical Sciences and informed consent was obtained 
from all patients.

MiRNA expression microarray hybridization

After fluorescently labeling total RNA, according to the 
miRNA expression microarray hybridization step, 
10 × blockers, hybridization samples, hybridization cas-
settes were prepared successively, and a clean gasket 
slide was placed in the hybridization cassette chamber, 
and all specimens of fluorescently labeled RNA were 
slowly added to gasket well of gasket slide, respectively, 
to avoid bubbles as much as possible, and then cov-
ered. In this process, Agilent faces down on the side 
labeled with number and covers the cover of SureHyb 
chamber on the Microarray slide, slides the clamp to 
the chamber, tightens the Hybridization chamber, turns 
in the vertical direction for 3 weeks, and the fused large 
bubbles rotate accordingly, in normal state. Following 
this, they were placed in a hybridization oven at 55 °C 
with a rotation speed of 20 rpm for 20 h of hybridization.

MiRNA microarray data extraction and analysis

Quality reports were generated after data extraction with 
Agilent Feature Extraction software. The quality of chip 
hybridization in the process of labeling, hybridization and 
cleaning is shown from the aspects of Grid selection, chip 
cleaning, chip signal distribution range, chip background 
noise, and chip fluorescence signal distribution. Normalized 
miRNA microarray data were obtained by GeneSpring GX 
software analysis. Further principal component analysis, 
differential miRNA screening based on p-value and Fold 
Change, differential miRNA screening based on p-value 
and Fold Change and survival analysis, and cluster analy-
sis were subsequently performed.

Real-time polymerase chain reaction (RT-PCR)

RNA content was extracted from tumor tissues using 
miRNeasy FFPE Kit (217504, Qiagen, Shanghai, China) 
and RNA quality and concentration were measured 
with a Nanodrop2000 Micro UV spectrophotometer 
(Thermo, Waltham, MA, USA). MiRNAs were reverse 
transcribed into cDNA according to TaqMan® MicroRNA 
Reverse Transcription Kit (4366596, Invitrogen, Waltham, 
MA, USA). PCR was performed with TaqMan® microRNA 
Assay and TaqMan™ Universal Master Mix II, no UNG 
(4440049, Invitrogen, Waltham, MA, USA). Fold change 
calculations were performed using the 2-ΔΔCT method 
using miR-191 as an internal reference for miRNAs.

Statistical analysis

Cox proportional hazards regression was used to con-
struct the model. The prognostic index (PI) calculated by 
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the equation was used for receiver operating character-
istic (ROC) curve analysis. Kaplan-Meier was used to 
draw the survival curve. Chi-square test (McNemer test 
and Kappa agreement test) was performed for paired 
design between PI prediction results and the actual 
prognosis of patients. The R programming language was 
used for all statistical analyses (version 3.6). p < 0.05 was 
considered to indicate a statistically significant difference.

Results

Patient basic information in different groups

Eighty LUAD patients’ samples served as the initial 
sample group for the screening of miRNAs associated 
with patient prognosis. Forty patients in the initial 
sample group developed recurrence and metastasis 
within 2 years after surgery and were classified as the 
early recurrence and metastasis group. The other 40 
patients did not develop recurrence and metastasis 
more than 5 years after surgery and were classified as 
the group without recurrence and metastasis. The sta-
tistical analysis results showed that there was no sig-
nificant difference in age, gender, smoking status, 
surgical methods, tumor location, tumor differentia-
tion, pleural invasion, and postoperative adjuvant ther-
apy between the two groups (p ≥ 0.05) (Table 1). This 
suggests that the balance of demographic and clinical 
characteristics between the two groups of patients in 
the initial sample group meets the requirements of 
univariate analysis and can be used for the correlation 
study between miRNAs and recurrence and metastasis 
of stage I LUAD.

An additional sample of 80 lung adenocarcinoma 
patients was subsequently used as a validation sam-
ple group for validation of the selected miRNAs. In 
the validation sample group, 39 patients developed 
recurrence and metastasis within 2 years after sur-
gery and were classified as the early recurrence and 
metastasis group. The other 41 patients did not 
develop recurrence and metastasis more than 5 years 
after surgery and were classified as the non-recurrence 
and metastasis group. The statistical analysis results 
showed that there was no significant difference in 
age, gender, smoking status, surgical methods, tumor 
location, tumor differentiation, pleural invasion, and 
postoperative adjuvant therapy between the two 
groups (p ≥ 0.05) (Table 2). This suggests that the 
balance of demographic and clinical characteristics 
between the two groups of patients with the valida-
tion sample group meets the requirements of uni-
variate analysis and can be used to verify the 
association between candidate differentially 

expressed miRNAs and recurrence and metastasis of 
stage I LUAD.

MiRNAs expression microarray data quality 
analysis

The miRNA expression profiles of the two groups of 
patients were preliminarily obtained using gene 
chip technology (miRNA expression microarray) with 
the initial sample group of research materials. The 
miRNA expression microarray hybridization process 
met the operating requirements and the microarray 
data quality was good (Figure 1(A–F)). Principal 
component analysis showed that miRNA expression 
profiles were similar between patients with early 
recurrence and metastasis and those without recur-
rence and metastasis in the initial sample group 
(Figure 1G).

Table 1.  Basic clinical characteristics of initial sample group.

Basic information

Early 
recurrence 

and 
metastasis 

group

No recurrence 
and 

metastasis 
group

p valuen = 40 n = 40

Age (year) 0.946a

Mean ± SD 60.2 ± 11.0 60.0 ± 8.5
Gender 0.171b

  Male 19(47.5%) 13(32.5%)
 F emale 21(52.5%) 27(67.5%)
Smoking history 0.112b

  Yes 20(50.0%) 13(32.5%)
 N o 20(50.0%) 27(67.5%)
Surgical method 0.356c

 L obes of lung 36(90.0%) 39(97.5%)
  Wedge 4(10.0%) 1(2.5%)
Tumor location 0.700d

  Right upper 11(27.5%) 16(40.0%)
  Right middle 3(7.5%) 3(7.5%)
  Right bottom 13(32.5%) 8(20.0%)
 L eft upper 9(22.5%) 9(22.5%)
 L eft bottom 4(10.0%) 4(10.0%)
Degree of differentiation 0.267e

 L ow + Moderately and low 10(25.0%) 6(15.0%)
  Moderately + Moderately 

high + High
30(75.0%) 34(85.0%)

Pleural involvement 1.000b

  Yes 31(77.5%) 31(77.5%)
 N o 9(22.5%) 9(22.5%)
Postoperative chemotherapy 0.736b

  Yes 18(46.2%) 19(50.0%)
 N o 21(53.8%) 19(50.9%)
Pathologic subtype 0.044d

  Mural predominance 3(5.1%) 6(15.0%)
  Papillary predominant type 4(10.0%) 10(25.0%)
  Acinar predominant type 24(60.0%) 11(27.5%)
 S olid predominant type 5(12.5%) 5(12.5%)
  Micropapillary 

predominance
0(0.0%) 0(0.0%)

 O ther 4(10.0%) 8(20.0%)

Note: a: unpaired T-test; b: Pearson x2 test; c: continuity corrected 
Chi-square test; d: Fisher exact test; e: Wilcoxon rank sum test 
(Mann-Whitney U test), SD (standerd deviation).
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Screening of candidate miRNAs

Normalized microarray data were filtered according to 
Flags values, and then probes with no detected signal 
in more than 50% of samples in both groups were 
removed. And 14 miRNAs that were significantly differ-
entially expressed in the two groups of samples based 
on p-values as well as Fold Change were obtained as 
candidate miRNAs using p < 0.05 and Fold Change > 
1.5 as screening criteria (Table 3).

For the above 14 candidate miRNAs, the initial 
sample group was divided into low and high miRNA 
expression groups using the median of their expres-
sion in the samples as the cut-off point, and the sur-
vival curves were plotted using the Kaplan-Meier 
method, and the log-rank method was used to com-
pare the survival rates between the two groups. 
Combined with the results of survival analysis of 
patients (Figure 2(A–H)), a total of 8 candidate 

differentially expressed miRNAs associated with post-
operative recurrence and metastasis of stage I lung 
adenocarcinoma were obtained (Table 4). Among 
them, miR-1260b, miR-21-3p, and miR-92a-3p were 
highly expressed in the early recurrence and metas-
tasis group, while miR-2467-3p, miR-4659a-3p, 
miR-4514, miR-1471, and miR-3621 were lowly 
expressed compared with the non-recurrence and 
metastasis group.

By cluster analysis, the candidate miRNAs could bet-
ter distinguish between lung adenocarcinoma cases 
with early postoperative recurrence and metastasis 
and those without recurrence and metastasis com-
pared with principal component analysis (PCA) of 
miRNA expression profiles of tumor tissues from an 
initial sample group of 80 patients (Figure 2(I)).

Validation of candidate miRNAs

For the above 8 candidates differentially expressed 
miRNAs associated with postoperative recurrence and 
metastasis of stage I lung adenocarcinoma, 5 miRNAs 
(miR-21-3p, miR-92a-3p, miR-1260b, miR-2467-3p, 
miR-3621) were finally selected by referring to the 
literature [20–24], and the differential expression of 
these 5 miRNAs between the two groups of early 
recurrence and metastasis and no recurrence and 
metastasis was validated using RT-PCR with the vali-
dation sample group as the research material (Figure 
3(A–E). Among them, miR-21-3p was significantly 
highly expressed in the early recurrence and metas-
tasis group (p = 0.02), while the expression of 
miR-2467-3p, miR-92a-3p, miR-1260b and miR-3621 
was not significantly different between the two 
groups (p > 0.05).

Construction and validation of prognostic 
evaluation model

Cox proportional hazards regression was used to con-
struct the model, and the results yielded that 
miR-1260b, miR-2467-3p, miR-92a-3p, and tumor grade 
entered the hazard function expression equation (Table 
5). The expression equation of the risk function was: 
PI = ZmiR-1260b × 0.499 - ZmiR-2467-3p × 
0.853 + ZmiR-92a-3p × 0.641 - Zgrade × 0.496. The PI 
calculated by the above equation was used for ROC 
curve analysis to distinguish the early recurrence and 
metastasis group from the recurrence-free metastasis 
group. And the cut-off point value of ROC curve was 
obtained as PI = 0.0172, with a sensitivity of 88.2% 
and a specificity of 100% (Figure 4A).

Table 2.  Basic clinical characteristics of validation sample 
group.

Basic information

Early 
recurrence 

and 
metastasis 

group

No 
recurrence 

and 
metastasis 

group

p valuen = 41 n = 39

Age (year) 0.251a

Mean ± SD 60.8 ± 10.3 58.1 ± 10.7
Gender 0.271b

  Male 20(51.3%) 16(39.0%)
 F emale 19(48.7%) 25(61.0%)
Smoking history 0.075b

  Yes 20(51.3%) 13(31.7%)
 N o 19(48.7%) 28(68.3%)
Surgical method 1c

 L obes of lung 36(92.3%) 38(92.7%)
  Wedge 3(7.7%) 3(7.3%)
Tumor location 0.241d

  Right upper 14(35.9%) 6(14.6%)
  Right middle 2(5.1%) 2(4.9%)
  Right bottom 7(17.9%) 13(31.7%)
 L eft upper 9(23.1%) 11(26.8%)
 L eft bottom 7(17.9%) 9(22.0%)
Degree of differentiation 0.258e

 L ow + Moderately and low 8(20.5%) 13(31.7%)
  Moderately + Moderately 

high + High
31(79.5%) 28(68.3%)

Pleural involvement 0.381b

  Yes 34(87.2%) 32(78.0%)
 N o 5(12.8%) 9(22.0%)
Postoperative chemotherapy 0.84b

  Yes 21(53.8%) 23(56.1%)
 N o 18(46.2%) 18(43.9%)
Pathologic subtype 0.436d

  Mural predominance 2(5.1%) 3(7.3%)
  Papillary predominant type 6(15.4%) 11(26.8%)
  Acinar predominant type 24(61.5%) 20(48.8%)
 S olid predominant type 6(15.4%) 3(7.3%)
  Micropapillary 

predominance
0(0.0%) 1(2.4%)

Other 1(2.6%) 3(7.3%)

Note: a: unpaired T-test; b: Pearson x2 test; c: continuity corrected 
Chi-square test; d: Fisher exact test; e: Wilcoxon rank sum test 
(Mann-Whitney U test), SD (standerd deviation).
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PI was divided into high and low groups by the 
cut-off point values obtained above, with poor prog-
nosis in the high PI group and good prognosis in the 
low PI group, and survival curves were plotted with 

Kaplan-Meier (Figure 4B). The mean progression-free 
survival (PFS) of patients in the high PI group was sig-
nificantly lower than that of patients in the low PI 
group, and the difference was statistically significant 

Figure 1.  miRNA microarray quality control images. A. Reflects correct grid selection. B: Reflects clean chip cleaning. C. Reflects chip 
signal distribution range. D. Reflects background noise of chip. E. Reflects fluorescence signal distribution. F. Quality Control Metrics-plot 
of miRNA microarray data. Indicators are as follows: Any color PrcntFeatPopnOL: percentage content of Feature escape value; gTotal-
Signal75pctiIe: 75% value of all gene signals; Add Error Estimate Green: additional error value; gNon Ctrl Med Prcnt CVBG Sub Sig: 
coefficient of variation value to remove background signal. G. Each point represents one case. Red: early recurrence metastasis group. 
Blue: no recurrence metastasis group.
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(p < 0.001). Pairwise design chi-square test (McNemer 
test and Kappa agreement test) was performed 
between PI prediction results and actual patient prog-
nosis. The results showed that the percentage of poor 
prognosis in PI prediction results was 51.0%, which 
was not significantly different from the percentage of 
poor actual patient prognosis (45.1%) (McNemer test, 
p = 0.549), and the consistency between PI prediction 
results and actual patient prognosis was good (Kappa 
= 0.569, p < 0.001) (Table 6). The sensitivity, specificity 
and accuracy of the model were 82.6%, 75.0% and 
78.4%, respectively.

RT-PCR analysis of the validation sample group was 
used as the test data to test the efficacy of the prog-
nostic evaluation model for stage I LUAD. Survival 
curves were plotted with Kaplan-Meier (Figure 4C). The 
mean PFS of patients in the high PI group was signifi-
cantly lower than that of patients in the low PI group, 
and the difference was statistically significant (p < 0.001). 
Chi-square test of paired design data (McNemer test 
and Kappa agreement test) was performed between PI 
prediction results and actual prognosis of patients. The 
results showed that the percentage of poor prognosis 
predicted by PI was 52.5%, which was not significantly 
different from the percentage of poor prognosis pre-
dicted by PI (50%) (McNemer test, p = 0.678), and the 
consistency between PI prediction results and actual 
prognosis of patients was good (Kappa = 0.426, 

p < 0.001) (Table 7). The model sensitivity was 74.4%, 
specificity was 68.3% and accuracy was 71.3%.

Discussion

Early extensive metastasis and easy recurrence are the 
main features of LUAD. Most patients with lung ade-
nocarcinoma have distant metastases at the time of 
diagnosis and have a poor prognosis [25,26]. At the 
molecular level, the pathogenesis of LUAD is still 
unclear and early diagnosis is difficult [27]. Therefore, 
there is an urgent need to find more effective bio-
markers for early diagnosis and risk prediction of 
prognosis. Microarray technology is an effective 
method for analyzing biomarkers and can be used to 
investigate gene expression profiles in LUAD. MiRNAs 
can influence the development and metastasis of 
LUAD by downregulating or upregulating mRNA 
expression levels [28]. In this study, we screened miR-
NAs associated with the prognosis of lung adenocar-
cinoma using patient samples and constructed a 
prognostic evaluation model, and also validated the 
selected miRNAs and prognostic evaluation models 
using clinical patient samples, providing new  
biomarkers for the prognosis of lung adenocarcinoma 
and new strategies for the treatment of lung 
adenocarcinoma.

Many studies have found that miRNAs are associ-
ated with many biological functions, such as prolifera-
tion, development, differentiation, apoptosis, 
metabolism and other physiological processes [29–31]. 
Studies have shown that abnormal miRNA expression 
is significantly associated with the development of a 
variety of tumors [32,33]. Adenocarcinoma is the most 
common subtype of lung cancer and is associated 
with high morbidity and mortality [34]. Several studies 
have shown that miRNAs have crucial functions in the 
prevention and prognosis of LUAD [35,36]. MiRNAs are 
complex combinations of gene expression and path-
way regulatory systems and prognostic markers and 
therapeutic targets in a variety of cancers, including 
lung cancer [37]. Multiple miRNAs play a key role in 
the development of lung cancer and regulate the pro-
cess of lung cancer deterioration. Some studies 
reported miRNAs associated with prognostic value, 
such as miR-221 [38], miR-372 [39], miR-429 [40], 
miR-486 [41], and miR-137 [42]. However, many miR-
NAs have not been identified in LUAD, and the role of 
miRNAs in the prognosis of lung adenocarcinoma 
remains to be explored.

In this study, 160 clinical samples of lung adenocar-
cinoma were used and divided into an initial sample 
group and a validation sample group. 80 samples in 

Table 3. D ifferentially expressed miRNAs in the initial sample 
group (based on p value and Fold change).
Systematic name p value Fold change

has-miR-4453 0.028 1.87
has-miR-183-5p 0.014 1.78
has-miR-4685-5p 0.022 1.76
has-miR-3651 0.007 1.76
has-miR-1260b 0.013 1.72
has-miR-21-3p 0.013 1.71
has-miR-6511a-5p 0.038 1.66
has-miR-4514 0.032 1.61
has-miR-4659a-3p 0.001 1.57
has-miR-2467-3p 0.038 1.55
has-miR-3621 0.010 1.55
has-miR-1471 0.001 1.53
has-miR-3692-5p 0.047 1.53
has-miR-92a-3p 0.013 1.53

Table 4. D ifferentially expressed miRNAs in the initial sample 
group (based on p value, Fold change and patient survival 
analysis).
Systematic name p value Fold change

miR-1260b 0.013 1.72
miR-21-3p 0.013 1.71
miR-4514 0.032 1.61
miR-4659a-3p 0.001 1.57
miR-2467-3p 0.038 1.55
miR-3621 0.01 1.55
miR-1471 0.001 1.53
miR-92a-3p 0.013 1.53
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Figure 2.  Relationship between expression levels of eight candidate differentially expressed miRNAs and progression-free survival 
(PFS) in the initial sample group. A. Relationship between miR-1260b expression and prognosis of patients, p = 0.001. B. Relationship 
between miR-21-3b expression and prognosis of patients, p = 0.02. C. Relationship between miR-4514 expression and prognosis of 
patients, p = 0.024. D. Relationship between miR-4659a-3p expression and prognosis of patients, p = 0.009. E. Relationship between 
miR-2467-3p expression and prognosis of patients, p < 0.001. F. Relationship between miR-3621 expression and prognosis of 
patients, p = 0.026. G. Relationship between miR-1471 expression and prognosis of patients, p = 0.013. H. Relationship between 
miR-92a-3p expression and prognosis of patients, p = 0.011. I. Heatmap of eight candidate miRNAs. The abscissa is the case and 
the ordinate is eight candidate miRNAs.
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each group. Patients in each group were divided into a 
recurrence group and non-recurrence group according 
to their prognosis. The statistical analysis showed that 
there was no significant difference in age, gender, 
smoking status, surgical methods, tumor location, tumor 
differentiation, pleural invasion, and postoperative adju-
vant therapy between the two groups (p ≥ 0.05) (Tables 
1 and 2). This suggests that the balance of demographic 
and clinical characteristics between the two groups of 
patients meets the requirements of univariate analysis 
and can be used for the correlation study between miR-
NAs and recurrence and metastasis of stage I lung ade-
nocarcinoma as well as validation studies. By using 
gene chip technology, miRNA expression profiles were 
obtained in two groups of patients in the relapse and 
non-relapse groups. Fourteen miRNAs based on p-value 
as well as Fold Change that were significantly differen-
tially expressed in both sets of samples were obtained 
as candidate miRNAs using p < 0.05 and Fold Change > 
1.5 as screening criteria (Table 3). A total of eight 

candidate differentially expressed miRNAs associated 
with postoperative recurrence and metastasis of stage I 
lung adenocarcinoma were subsequently obtained in 
combination with the survival curves of the patients 
(Table 4). Among them, miR-1260b, miR-21-3p, and 
miR-92a-3p were highly expressed in the early recur-
rence and metastasis group, while miR-2467-3p, 
miR-4659a-3p, miR-4514, miR-1471, and miR-3621 were 
lowly expressed compared with the non-recurrence and 
metastasis group. Cluster analysis showed that 8 candi-
dates with differentially expressed miRNAs could better 
distinguish early postoperative recurrence and metasta-
sis from lung adenocarcinoma cases without recurrence 
and metastasis (Figure 2(A–H)).

We subsequently validated the candidate miRNAs 
obtained from the screening using samples from the 
validation panel. By consulting the literature, five miR-
NAs (miR-21-3p, miR-92a-3p, miR-1260b, miR-2467-3p, 
and miR-3621) were finally selected for validation. 
MiR-21-3p was significantly highly expressed in the 

Figure 3.  Real-time PCR validation of candidate miRNAs in validation sample group. A. miR-2467-3p expression level in validation 
sample group, p > 0.05. B. miR-21-3p expression level in validation sample group, *: p = 0.02. C. miR-1260b expression level in 
validation sample group, p > 0.05. D. miR-92a-3p expression level in validation sample group, p > 0.05. E. miR-3621 expression level 
in validation sample group, p > 0.05.

Table 5.  Multivariate Cox regression analysis results for the initial sample group.
B SE Wald df Sig. Exp(B)

ZhsamiR1260b .499 .280 3.163 1 .075 1.647
ZhsamiR24673p −.853 .302 7.957 1 .005 .426
ZhsamiR92a3p .641 .302 4.524 1 .033 1.899
Zgrade −.496 .278 3.171 1 .075 .609

Note: B: standardized regression coefficient; SE: standard error; Wald: Wald test statistic; df: degrees of freedom; Sig.: p-value; Exp (B): relative risk.
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early recurrence and metastasis group as determined by 
RT-PCR results (p = 0.02), while miR-2467-3p, miR-92a-3p, 
miR-1260b, and miR-3621 were not significantly differ-
ent between the two groups (p > 0.05) (Figure 3). Luo 
et  al. reported that two machine learning algorithms 
confirmed that miR-615-3p, miR-4652-5p, miR-450a-5p, 
hsa-miR-196a-5p, miR-21-3p, miR-139-5p, and 
miR-424-5p were critical diagnostic factors in laryngeal 
squamous cell carcinoma [43]. Xie et  al. [44] reported 
that miR-21-3p upregulated the expression of PI3K-AKT 

pathway factors, CDK1, CCND1 but decreased RAF1 
expression in hepatocellular cancer cells. And Zhang 
et  al. [45] also reported that miR‑21‑3p promoted che-
mo‑resistance via negatively regulating FOXO3a. The 
above reports are consistent with our conclusion that 
miR‑21‑3p is a biomarker of poor prognosis.

After identifying candidate miRNAs, we constructed a 
prognostic evaluation model for stage I lung adenocarci-
noma using Cox proportional hazards regression based 
on the resulting miRNA data. According to the results in 

Figure 4.  The ROC curve for the early recurrence and metastasis group and the non-recurrence and metastasis group. A. The area 
under the ROC curve was 0.917, p < 0.001. B. Prognostic index in the initial sample group and progression-free survival in patients 
with lung adenocarcinoma, p < 0.001. C. Prognostic index in the validation sample group and progression-free survival in patients 
with lung adenocarcinoma, p < 0.001.

Table 6. C hi-square test for paired design between PI predic-
tion results of initial sample group and actual patient 
survival.

Prognostic index (PI)

p valuePoor prognosis (PI high)
Poor prognosis 

(PI low)

Actual 
Survival 
Results

Poor prognosis 19 4 0.549a

Good prognosis 7 21 <0.001b

Note: aMcNemer test, p > 0.05, not statistically significant.
bKappa agreement test, p < 0.05, statistically significant.

Table 7. C hi-square test for paired design between PI predic-
tion results of validation sample group and actual patient 
survival.

Prognostic index (PI)

p valuePoor prognosis (PI high)
Poor prognosis 

(PI low)

Actual Survival 
Results

Poor prognosis 29 10 0.678a

Good prognosis 13 28 <0.001b

Note: aMcNemer test, p > 0.05, not statistically significant.
bKappa agreement test, p < 0.05, statistically significant.
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Table 5, miR-1260b, miR-2467-3p, miR-92a-3p, and tumor 
grade all entered the risk function expression equation. 
The expression equation of the risk function was: 
PI = ZmiR-1260b × 0.499 - ZmiR-2467-3p × 
0.853 + ZmiR-92a-3p × 0.641 - Zgrade × 0.496. The PI cal-
culated by the above equation was used for ROC curve 
analysis to distinguish the early recurrence and metastasis 
group from the recurrence-free metastasis group. The 
high PI group had a poor prognosis, and the low PI group 
had a good prognosis. The validation of this assessment 
model was subsequently performed using clinical data 
from the validation panel. PI prediction results were in 
good agreement with the actual prognosis of patients 
(Kappa = 0.426, p < 0.001) (Table 7), with a model sensitiv-
ity of 74.4%, specificity of 68.3%, and accuracy of 71.3%. 
This risk estimation model can be used to predict the 
prognosis of patients in subsequent clinical applications.

Conclusion

MiRNAs associated with the prognosis of lung adeno-
carcinoma were screened and validated by using clinical 
samples of lung adenocarcinoma. MiR-1260b, miR-21-3p 
and miR-92a-3p were found to be highly expressed in 
the early recurrence and metastasis group, while 
miR-2467-3p, miR-4659a-3p, miR-4514, miR-1471 and 
miR-3621 were lowly expressed. It was verified that 
miR-21-3p was significantly highly expressed in the 
early recurrence and metastasis group. The prognostic 
risk of lung adenocarcinoma patients can be predicted 
by constructing a prognostic evaluation model for lung 
adenocarcinoma. It provides a new biomarker for the 
prognosis detection of lung adenocarcinoma in clinical 
practice, and at the same time, it can provide a new 
target for the treatment of lung adenocarcinoma.
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