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MicroRNA-200a-3p and GATAG6 are abnormally
expressed in patients with non-small cell lung cancer
and exhibit high clinical diagnostic efficacy
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Abstract. Lung cancer is one of the main threats to human
health. Survival of patients with lung cancer depends on
timely detection and diagnosis. Among the genetic irregu-
larities that control cancer development and progression,
there are microRNAs (miRNAs/miRs). The present study
aimed to investigate the expression patterns of miR-200a-3p
and transcription factor GATA-6 (GATAG) in peripheral
blood of patients with non-small cell lung cancer (NSCLC)
and their clinical significance. The expression patterns of
miR-200a-3p and GATAG in the peripheral blood of patients
with NSCLC and healthy subjects were measured via reverse
transcription-quantitative PCR. The correlation between
GATA6/miR-200a-3p expression and their diagnostic efficacy
were analyzed by receiver operating characteristic curve
analysis. The association between miR-200a-3p/GATA6
expression with the patient clinicopathological characteristics,
and their correlation with carcinoembryonic antigen (CEA),
neuron specific enolase (NSE) and squamous cell carcinoma
antigen (SCCAg) were evaluated. The cumulative survival rate
was examined, and whether miR-200a-3p and GATAG expres-
sion levels were independently correlated with the prognosis
of NSCLC was analyzed using multivariate logistic regres-
sion model. The results demonstrated that the expression of
miR-200a-3p was high and that of GATAG6 was low in the
peripheral blood of patients with NSCLC, and both exhibited
high clinical diagnostic efficacy. miR-200a-3p was revealed
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to target GATAG by dual-luciferase assay. miR-200a-3p in
the peripheral blood was correlated with TNM stage, lymph
node metastasis and distal metastasis, while GATAG6 in the
peripheral blood was correlated with TNM stage and lymph
node metastasis. miR-200a-3p and GATA6 were positively
correlated with CEA and SCCAg, but not with NSE. High
expression of miR-200a-3p and low expression of GATA6
predicted poor prognosis in patients with NSCLC. After
adjusting for TNM stage, lymph node metastasis, distance
metastasis, GATA6, CEA, NSE and SCCAg in the logistic
regression model, it was indicated that the high expression
of miR-200a-3p increased the risk of death in patients with
NSCLC. Collectively, it was revealed that miR-200a-3p and
GATAG6 were abnormally expressed in the peripheral blood
of patients with NSCLC. Serum levels of miR-200a-3p >1.475
and GATAG <1.195 may assist the early diagnosis of NSCLC.
GATAG6 may function in NSCLC as a miR-200a-3p target,
which may provide a future reference for NSCLC early diag-
nosis and treatment.

Introduction

A total of ~85% of lung cancer cases are recognized as
non-small cell lung cancer (NSCLC), which is a leading cause
of human mortality worldwide with a critical 5-year survival (1)
due to late diagnosis at advanced stages (2). Despite adequate
treatment, which consists of thoracic radiotherapy (60-66 Gy
in 30-33 daily fractions) with concomitant cisplatin-based
chemotherapy (3), 50% of medically inoperable patients
with advanced NSCLC experience local recurrence; on
the contrary, the avoidance of local recurrence in the early
stage is up to 85-90% (4). Adequate treatment depends on
accurate early diagnosis and effective treatment response,
and peripheral blood detection of NSCLC can reduce the
detection cost and avoid the potential damage caused by X-ray
and pathological examination (5). Carcinoembryonic antigen
(CEA) is a tumor marker, which represents the earliest tumor
marker for the diagnosis of lung cancer (6). Squamous cell
carcinoma antigen (SCCAg) is associated with the stage of
lung cancer (7). Neuron specific enolase (NSE) is a specific
enzyme distributed in neuroendocrine cells and involved
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in glycolysis (8). The clinical diagnostic value of the three
genes in NSCLC has been largely discussed, but no single
reliable index for the early diagnosis of NSCLC has been
discovered (9). Molecular profiling of NSCLC in the past
decade has revealed numerous oncogenic driving events (such
as epidermal growth factor receptor mutation and anaplastic
lymphoma kinase rearrangement) (10) in NSCLC, leading to
several effective therapies, including tyrosine kinase inhibitors
and immunotherapy (11). The present study aimed to unravel
effective biomarkers in the peripheral blood of patients with
NSCLC to achieve early diagnosis and timely intervention.

A number of studies have documented the involvement of
microRNAs (miRNAs/miRs) in gene expression and evolu-
tion and the regulation of oncogene expression, which is
closely associated with cell proliferation and differentiation
and the occurrence, development and metastasis of malig-
nant tumors (12,13). In tumor tissues, changes in miRNA
expression are tissue specific with high levels of stability and
detectability, and miRNAs can act as oncogenes or tumor
suppressors, which renders them novel targets for cancer
diagnosis and treatment (14,15). Essentially, the abnormal
expression of the miR-200 family may promote the occurrence
of NSCLC and may represent a potential diagnostic biomarker
of NSCLC (16,17). miR-200a-3p is highly expressed in
NSCLC tissues (18). Although it has been demonstrated that
miR-200a-3p is associated with NSCLC, the expression of
miR-200a-3p in the peripheral blood of patients with NSCLC
and its clinical diagnostic value have not been examined.

Transcription factor GATA-6 (GATAG) is a transcriptional
regulator of the GATA family. As a cancer suppressor in
several tumors, GATAG is expressed at low level in patients
with NSCLC (19). GATAG is downregulated in lung adeno-
carcinoma (LUAD) and associated with LUAD metastasis and
prognosis (20). In addition, the GATA6-PCAT1-Fyn-related
kinase axis has been indicated to be a useful target for
NSCLC (21). Moreover, miR-141 of the miR-200 family has
been reported to regulate angiogenesis and affect cancer
invasion and metastasis through multiple targets, including
GATAG (22). Therefore, we hypothesized that miR-200a-3p
may serve a regulatory role in the occurrence and development
of NSCLC by targeting GATAG6. To the best of our knowledge,
there is no report at present on the expression and clinical value
of GATAG in the peripheral blood of patients with NSCLC,
and whether miR-200a-3p can serve a regulatory role in the
occurrence and development of NSCLC by targeting GATAG.
Therefore, the present study aimed to examine the expression
and clinical significance of miR-200a-3p and GATAG in the
peripheral blood of patients with NSCLC and the possible
regulatory mechanism between the two molecules, to provide
a reference for the diagnosis, treatment and prognosis of
NSCLC.

Materials and methods

Study subjects and grouping. In the current study, 60 patients
pathologically diagnosed with NSCLC in Guizhou Provincial
People's Hospital (Guiyang, China) between February 2014 and
January 2015 were selected. The patients were free of mental
illness, autoimmune diseases and other cancers. There were
42 males and 18 females with an age range of 39-80 years.

Inclusion criteria were as follows: i) According to the 2015
World Health Organization Lung Tumor Classification (23),
the patients were initially diagnosed with NSCLC via histo-
pathologys; ii) none of the patients received lung cancer-related
surgery or chemotherapy before enrollment; and iii) according
to the TNM staging standard of the International Anti-Cancer
Alliance (24), the subjects were allocated into stage I-II and
MI-IV. In addition, 60 individuals who underwent physical
examination in Guizhou Provincial People's Hospital during
the same period were included as the healthy control group,
including 42 males and 18 females with an age range of
38-71 years. The clinicopathological data in the present study
included age, sex, smoking, tumor size, histological types,
TNM staging, lymph node metastasis (LNM) and distal
metastasis. Written informed consent was obtained from
each subject. The current study was approved by the Ethics
Committee of Guizhou Provincial People's Hospital (Guiyang,
China).

Sample collection. A total of 3 ml venous blood was collected
from fasting patients without chemotherapy or radiotherapy
before operation and placed in a coagulation-promoting
tube. After standing for 30 min at room temperature, the
blood sample was centrifuged at 100 x g for 10 min at room
temperature. Then, the separated serum was stored at -80°C
until further use. The levels of CEA, NSE and SCCAg in the
serum were determined using a Roche E601 electrochemilu-
minescence instrument [Roche Diagnostics (Shanghai) Co.,
Ltd.] using matching original reagents in strict accordance
with the manufacturer's instructions. The normal reference
range was 0-5.2 ng/ml for CEA, 0-16.3 ng/ml for NSE and
0-2.5 ng/ml for SCCAg.

Patient follow-up and records. Patients with NSCLC were
followed up until August 2020. All patients were followed up
every 6 months through clinic visits or telephone calls from
the date of diagnosis. Each patient was followed up for at least
four times. If the patients were not followed up, they were
considered as lost cases and no longer recorded.

Reverse transcription quantitative polymerase chain
reaction (RT-gPCR). Total RNA from the serum samples was
extracted using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). According to the manufacturer's instruc-
tions, PrimeScript RT Reagent Kit (Takara Biotechnology
Co., Ltd.) was employed to reverse transcribe total RNA
into cDNA. According to the manufacturer's instructions,
the cDNA products of miRNA were obtained via RT using
a SuperScript™ IV One-Step RT-PCR System (Applied
Biosystems; Thermo Fisher Scientific, Inc.). gPCR was
performed on ABI 7900HT fast real-time PCR system
(Applied Biosystems; Thermo Fisher Scientific, Inc.) using
SYBR® Premix Ex Taq™ II (Takara Biotechnology Co.,
Ltd.). The PCR procedure was as follows: Pre-denaturation
at 95°C for 5 min, followed by 40 cycles of denaturation at
95°C for 15 sec, annealing at 60°C for 20 sec and extension
at 72°C for 35 sec. GAPDH was used as the internal refer-
ence for GATA6 mRNA, and the expression of miR-200a-3p
was normalized using cel-miR-39 (25-27). The data were
analyzed based on the 2°22°4 method (28,29). The primer
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Table I. Primer sequences used for reverse transcription-quantitative PCR.

Gene Forward (5'-3") Reverse (5'-3")
miR-200a-3p TAACACTGTCTGGTAACGATGT CATCTTACCGGACAGTGCTGGA
GATA6 GTGCCAACTGTCACACCACA GAGTCCACAAGCATTGCACAC
GAPDH CTCAGACACCATGGGGAAGGTGA ATGATCTTGAGGCTGTTGTCATA
cel-miR-39 CGTATGAGCGTCACCGGGTGTAAATCA CTCAAGTGTCGTGGAGTCGGCAA

miR, microRNA; GATAG6, transcription factor GATA-6.

sequences of miR-200a-3p were selected according to a
previous study (28). Primer sequences were synthesized by
Sangon Biotech Co., Ltd., and are were presented in Table I.

Bioinformatics analysis. The pan-canceranalysis platform [The
Encyclopedia of RNA Interactomes (ENCORI); http://starbase.
sysu.edu.cn/panMirDiffExp.php] was used to analyze and
predict the expression of miR-200a-3p and GATA6 in NSCLC
(GSE48568, GPL570, PRINA185966) (30-32). starBase v2.0
(http://starbase.sysu.edu.cn), miRDB (http://www.mirdb.
org/) and TargetScan v7.1 (http:/www.targetscan.org/) were
employed to analyze and predict whether there was a target
binding relationship between miR-200a-3p and GATAG.

Dual-luciferase reporter gene assay and cell transfection.
The binding sites of miR-200a-3p and GATAG6 were
predicted via bioinformatics analysis as aforementioned.
The complementary wild-type (WT) binding sequence and
the mutant (MUT) sequence of the 3'-untranslated region of
GATAG6 were amplified and cloned into pmiRGLO vector
(Promega Corporation) to obtain pmiRGLO-GATA6-WT
and pmiRGLO-GATA6-MUT plasmids (Fig. S1). The WT
sequence was randomly scrambled and amplified to obtain
the MUT sequence. The constructed vectors were mixed with
60 nM mimic negative control (NC) or 60 nM miR-200a-3p
mimic (Shanghai GenePharma Co., Ltd.) and co-transfected
with Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) into 293T cells (Shanghai Institute of
Biochemistry and Cell Biology) cultured to 80% confluence
at 37°C. With Renilla luciferase as the internal reference, the
luciferase activities were detected using Dual-Luciferase Assay
kit (cat. no. ZY130595; Shanghai Zeye Biotechnology Co.,
Ltd., Shanghai, China) after 48 h according to the manufac-
turer's instructions. 293T cells were cultured in high-glucose
DMEM (cat. no. SNM-002A; Sunncell Wuhan) containing
10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and 1% peni-
cillin/streptomycin at 37°C containing 5% CO,.

In addition, the human NSCLC cell line NCI-H1437
(Shanghai Huiying biological technology Co., Ltd.) was trans-
fected with 60 nM mimic NC or 60 nM miR-200a-3p mimic
and 120 nM inhibitor NC or 120 nM miR-200a-3p inhibitor
at 37°C using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.). After 48 h, the expression of GATA6
in each group was detected via RT-qPCR. NCI-H1437 cells
were cultured in RPMI-1640 medium (Procell Life Science &
Technology Co., Ltd.) with 10% FBS at 37°C and sub-cultured
at a 1:4 ratio.

miR-200a-3p mimic was the simulant of miR-200a-3p, and
its sequence was 5-UAACACUGUCUGGUAACGAUGU-3,
while the sequence of mimic NC was 5-CUGUUACACGCA
GUUGAUGUAA-3'. miR-200a-3p inhibitor was a chemically
modified complementary single chain of mature miR-200a-3p
(cat. no. miR20000682-1-5), and inhibitor NC was its nega-
tive control (cat. no. miR02102-1-1), which were designed and
synthesized by Guangzhou RiboBio Co., Ltd.

Statistical analysis. SPSS 21.0 (IBM Corp.) and GraphPad
Prism 8.01 (GraphPad Software, Inc.) were used for statistical
analysis and plotting of the data. The normal distribution of the
continuous variables was verified using Kolmogorov-Smirnov
test. Numerical data are presented as the mean + standard
deviation and categorical data as count and percentage.
An unpaired Student's t-test was employed for the analysis
between two groups and one-way ANOVA was used for the
comparison among multiple groups (continuous variables).
Tukey's multiple comparisons test was utilized after one-way
ANOVA. The ¥’ test was employed for the analysis of cate-
gorical variables. Pearson correlation coefficient method was
applied to analyze correlations. The r value was the correla-
tion coefficient between variables in the sample. When r=0, it
indicates no correlation; when r<0.3, it indicates poor correla-
tion; when 0.3<r< 0.8, it indicates medium correlation; when
r>0.8, it indicates high correlation. The cut-off point, sensi-
tivity, specificity and the area under the curve (AUC) of the
receiver operating characteristic (ROC) curves were obtained
using MedCalc Statistical Software version 14.8.1 (MedCalc
Software bvba). A multivariate logistic regression model was
used to analyze whether the expression of miR-200a-3p and
GATAG6 was independently associated with the prognosis of
NSCLC. The Cox proportional hazard regression model and
the Kaplan-Meier method were used to evaluate the overall
survival (OS), and the log-rank test was used to create the
survival curve. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

miR-200a-3p is expressed at a high and GATAG6 at a low level
in the peripheral blood of patients with NSCLC. To examine
the diagnostic value of miR-200a-3p and GATAG6 for NSCLC,
the pan-cancer analysis platform ENCORI was used to firstly
predict the expression of miR-200a-3p and GATAG6 in NSCLC.
Lung squamous cell carcinoma (LUSC) and LUAD account
for ~90% of NSCLC (33), therefore these groups were further
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Figure 1. miR-200a-3p and GATAG exhibit high clinical diagnostic efficacy for patients with NSCLC. (A) Expression of miR-200a-3p in LUSC and LUAD
was analyzed using the ENCORI pan-cancer analysis database. (B) Expression of GATA6 in LUSC and LUAD was analyzed using the ENCORI pan-cancer
analysis database. The expression of (C) miR-200a-3p and (D) GATAG in the peripheral blood of patients with NSCLC and healthy subjects was detected
via reverse transcription-quantitative PCR. The diagnostic efficacy of (E) miR-200a-3p and (F) GATAG in the peripheral blood of patients with NSCLC
was analyzed using ROC curve. “P<0.01, ““P<0.001. The data in panels C and D were analyzed via an unpaired Student's t-test. miR, microRNA; GATA6,
transcription factor GATA-6; LUSC, lung squamous cell carcinoma; LUAD, lung adenocarcinoma; NSCLC, non-small cell lung cancer; AUC, area under the
receiver operating characteristic curve; RPM, reads per million mapped reads; FKPM, fragments per kilobase of transcript per million reads mapped.

explored. The results demonstrated that compared with the
normal group, miR-200a-3p was significantly elevated in
LUSC and LUAD (Fig. 1A), whereas GATAG was significantly
decreased in LUSC and LUAD (Fig. 1B).

Therefore, the expression of miR-200a-3p and GATA6
in the peripheral blood of patients with NSCLC and healthy
controls was detected using RT-qPCR. The results revealed
that miR-200a-3p in the peripheral blood of patients with
NSCLC was remarkably higher than that of healthy controls
(Fig. 1C), and GATAG was lower than that of healthy controls
(Fig. 1D).

Subsequently, the ROC curve was used to analyze the
diagnostic value of miR-200a-3p and GATA6 in NSCLC. The
AUC of miR-200a-3p in the peripheral blood of patients with
NSCLC was 0.721, with a cut-off value was 1.475, a sensitivity
of 83.33% and a specificity of 63.33% (Fig. 1E). The AUC of
GATAG in the peripheral blood of patients with NSCLC was
0.774, with a cut-off value of 1.195, a sensitivity of 53.33%
and a specificity of 83.33% (Fig. 1F). The results revealed
that cut-off values of miR-200a-3p >1.475 and GATA6 <1.195
could assist in the early diagnosis of NSCLC.

GATAG is the target of miR-200a-3p. Bioinformatics analysis
was used to analyze and predict whether there was a targeted
binding relationship between miR-200a-3p and GATAG.
starBase, miRDB (score >70) and TargetScan (preferentially
conserved targeting >80) were used to analyze and predict the
downstream targets of miR-200a-3p, and 22 downstream target
genes of miR-200a-3p were demonstrated to be common in all
three databases (Table SI and Fig. 2A). Among these genes,

GATAG was indicated to be downregulated in NSCLC tissues
compared with normal tissues, which may be used as a useful
target for the intervention of NSCLC. In addition, miR-141 of
the miR-200 family can regulate angiogenesis via multiple
targets, including GATAG, thus affecting cancer invasion and
metastasis (19,21,22). Therefore, GATA6 was selected for
further study.

Subsequently, the correlation between the expression
of miR-200a-3p and GATAG6 in the peripheral blood of
patients with NSCLC was analyzed, and a negative correla-
tion was observed between them (r=-0.634; Fig. 2B). Next,
the targeted binding relationship between miR-200a-3p and
GATAG6 was verified via dual-luciferase assay. Compared
with the cells co-transfected with pmiRGLO-GATA6-WT
plasmid and mimic NC, the luciferase enzyme activity of
293T cells co-transfected with pmiRGLO-GATA6-WT
and miR-200a-3p was significantly decreased, while this
difference was not observed between cells transfected with
pmiRGLO-GATA6-MUT and miR-200a-3p or mimic NC
(Fig. 2C). In addition, miR-200a-3p was overexpressed
or knocked down by transfecting miR-200a-3p mimic or
miR-200a-3p inhibitor into the NSCLC cell line NCI-H1437.
The mRNA level of GATA6 was detected via RT-qPCR.
Overexpression of miR-200a-3p significantly decreased, while
knockdown of miR-200a-3p significantly increased the mRNA
level of GATAG (Fig. 2D). These results suggested that GATA6
is a target gene of miR-200a-3p.

Association of miR-200a-3p and GATA6 with clinical
indicators. To further analyze the clinical significance of
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Figure 2. GATAG is a target gene of miR-200a-3p. (A) starBase, miRDB and TargetScan were used to predict the downstream target genes of miR-200a-3p
and the common genes between the three databases were obtained. (B) Correlation analysis of miR-200a-3p and GATAG6 expression in the peripheral blood of
patients with non-small cell lung cancer. (C) Dual-luciferase assay was used to verify the targeted binding of miR-200a-3p and GATAG6. (D) The expression
of miR-200a-3p and GATA6 mRNA were detected via reverse transcription-quantitative PCR. Unpaired Student's t-test was used for data analysis in panel C,
while the data in panels D were analyzed by one-way ANOVA followed by Tukey's multiple comparisons test. “P<0.01 vs. the indicated groups or mimic-NC.
miR/miRNA, microRNA; GATAG, transcription factor GATA-6; NC, negative control; WT, wild-type; MUT, mutant.

miR-200a-3p and GATAG in the peripheral blood of patients
with NSCLC, the patients were assigned into miR-200a-3p high
expression and miR-200a-3p low expression group according
to the median expression of miR-200a-3p in the peripheral
blood (median, 1.48; range, 0.76-1.92). At the same time, the
patients were classified into GATAG6 high expression and
GATAG low expression group according to the median expres-
sion of GATAG expression in the peripheral blood (median,
1.02; range, 0.46-1.49). The clinicopathological features of the
two groups were analyzed (Table II). The results demonstrated
that miR-200a-3p and GATAG in the peripheral blood were
not associated with age, sex, smoking history, histological

type, tumor size and distant metastasis, but were significantly
associated with TNM stage and LNM.

Subsequently, the expression of miR-200a-3p and GATA6
in patients with NSCLC at different stages was further
explored. Compared with healthy controls, miR-200a-3p
expression in the peripheral blood of patients with NSCLC at
stage I-II and III-IV was significantly increased (Fig. 3A), and
that of GATAG6 was significantly decreased (Fig. 3B). In addi-
tion, compared with stage I-II, miR-200a-3p expression in the
peripheral blood of patients with NSCLC at stage III-IV was
significantly increased, while that of GATAG was significantly
decreased. Therefore, it was speculated that the expression of
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Table II. Association between the expression of miR-200a-3p and GATAG6 with clinical indicators.

A, miR-200a-3p

Expression

Clinical data Patient number (n=60) High, n (%) Low, n (%) P-value
Sex

Male 42 22 (52.38) 20 (47.62)

Female 18 8 (44.44) 10 (52.38) 0.573
Age, years

<60 29 15 (51.72) 14 (48.28)

>60 31 15 (48.39) 16 (51.65) 0.796
Smoking history

Yes 26 11 (42.31) 15 (57.69)

No 34 19 (55.88) 15 (44.12) 0.297
Histological types

LUSC 35 19 (54.29) 16 (45.71)

LUAD 25 11 (44.00) 14 (56.00) 0.432
Tumor size, cm

<3 24 11 (45.83) 13 (54.17)

>3 36 19 (52.78) 17 (47.22) 0.299
TNM stage

I-11 42 16 (38.10) 26 (61.90)

II-1v 18 14 (77.78) 4(22.22) 0.002
LNM

Yes 22 15 (68.18) 7 (31.82)

No 38 15 (39.47) 23 (60.53) 0.016
Distant metastasis

Yes 32 20 (62.50) 12 (37.50)

No 28 10 (35.71) 18 (64.29) 0.019
B, GATA6

Expression

Clinical data Patient number (n=60) High, n (%) Low, n (%) P-value
Sex

Male 42 19 (45.24) 23 (54.76)

Female 18 11 (61.11) 7 (38.89) 0.130
Age, years

<60 29 16 (55.17) 13 (44.83)

>60 31 14 (45.16) 17 (54.84) 0.219
Smoking history

Yes 26 14 (53.85) 12 (46.15)

No 34 16 (47.06) 18 (52.94) 0.301
Histological types

LUSC 35 17 (48.57) 18 (51.43)

LUAD 25 13 (52.00) 12 (48.00) 0.397
Tumor size, cm

<3 24 11 (45.83) 13 (54.17)

>3 36 19 (52.78) 17 (47.22) 0.299
TNM stage

I-11 42 25 (59.52) 17 (40.48)

II-1v 18 5(27.78) 13 (72.22) 0.012
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Table II. Continued.

B, GATA6

Expression
Clinical data Patient number (n=60) High, n (%) Low, n (%) P-value
LNM

Yes 22 6 (27.27) 16 (72.73)

No 38 24 (63.16) 14 (36.84) 0.004
Distant metastasis

Yes 32 13 (40.63) 19 (59.38)

No 28 17 (56.67) 11 (36.67) 0.060
miR, microRNA; GATAG, transcription factor GATA-6; LNM, lymph node metastasis; LUSC, lung squamous cell carcinoma; LUAD, lung
adenocarcinoma.
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Figure 3. miR-200a-3p and GATAG6 may be associated with the clinical progression of NSCLC. (A) miR-200a-3p and (B) GATAG6 expression in the peripheral
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miR-200a-3p and GATA6 may be associated with the clinical
progression of NSCLC.

Correlation of miR-200a-3p and GATAG6 with serum tumor
markers. In addition, the serum tumor marker CEA, NSE and
SCCAg levels in the peripheral blood of patients with NSCLC
were detected [CEA (21.0+6.9 ng/ml), NSE (23.6+£9.7 ng/ml),
SCCAg (4.6£2.8 ng/ml)], and their correlation with the levels
of miR-200a-3p and GATAG6 was analyzed (Fig. 4A-F). The
results demonstrated that miR-200a-3p and GATA6 were
positively correlated with CEA and SCCAg, but not with NSE.

High expression of miR-200a-3p and low expression of GATA6
predicts poor prognosis in patients with NSCLC. Finally, the
prognostic significance of miR-200a-3p and GATAG6 expression
in the peripheral blood of patients with NSCLC was analyzed.
The patients were followed up regularly every 6 months. Among
them, 31 patients died or were lost during the follow-up, including
11 cases in miR-200a-3p low expression group, 20 cases in

miR-200a-3p high expression group, 19 cases in GATA6 low
expression group and 12 cases in GATAG high expression group.
Furthermore, the cumulative survival rates of the two groups
of patients with NSCLC were compared and analyzed. The
results demonstrated that the cumulative survival rate of the
miR-200a-3p high expression group was markedly lower than
that of the miR-200a-3p low expression group (Fig. SA). The
cumulative survival rate of the GATA6 low expression group
was notably lower than that of the GATA6 high expression
group (Fig. 5B). In addition, the expressions of miR-200a-3p
and GATAG in the peripheral blood were further compared and
analyzed using the ROC curve to predict the adverse prognosis
of NSCLC. The AUC of miR-200a-3p for NSCLC adverse prog-
nosis was 0.653, with a sensitivity of 64.52% and a specificity of
68.97%. The AUC of GATAG6 for NSCLC adverse prognosis was
0.616, with a sensitivity of 48.39% and a specificity of 75.86%.
There were no significant differences between them (Fig. 5C).
It was suggested that high expression of miR-200a-3p and low
expression of GATAG6 predicted poor prognosis.
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Furthermore, to further analyze whether there was
an independent association between the expression of
miR-200a-3p and GATAG6 and the prognosis of NSCLC, the
indexes with P<0.1 from the clinicopathological associa-
tions presented in Table II and the serum tumor markers
CEA and SCCAg that were significantly correlated with
miR-200a-3p and GATAG6 were included in a multivariate
logistic regression model. After adjusting for TNM stage,
Ilymph node metastasis, distant metastasis, GATA6, CEA,
NSE and SCCAg in the logistic regression model, it was
indicated that high expression of miR-200a-3p significantly
increased the risk of death in patients with NSCLC (OR,
17.917; 95% CI, 1.822-176.157; Table I1I), indicating that the

expression of miR-200a-3p was independently associated
with poor prognosis in NSCLC.

Discussion

In general, miRNAs are stably expressed in the blood and
determining their expression levels is relatively simple (34). A
previous study explored the association between the levels of
certain peripheral blood markers, such as absolute neutrophil
count, lymphocyte count, monocyte count and eosinophil
count, as well as serum C-reactive protein and lactate dehy-
drogenase levels, and immune-related adverse events, OS
and progression-free survival in NSCLC (35,36). The present
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Table III. Multivariate logistic regression analysis of prog-
nostic indicators for non-small cell lung cancer.

Variable P-value OR 95% CI
TNM stage 0.115 0.220 0.034-1.447
Lymph node metastasis ~ 0.119 4583 0.676-31.071
Distant metastasis 0.377 0495 0.104-2.354
miR-200a-3p 0013 17917 1.822-176.157
GATA6 0.230 0.039 0.000-7.801
CEA 0.111 0.888 0.768-1.028
SCCAg 0.139 0.754 0.518-1.096
NSE 0.261 0960 0.894-1.031

miR, microRNA; CEA, carcinoembryonic antigen; NSE, neuron
specific enolase; SCCAg, squamous cell carcinoma antigen; GATAG6,
transcription factor GATA-6; OR, odds ratio.

study explored the expression and clinical significance of
miR-200a-3p and GATA6, and demonstrated that the abnormal
expression of miR-200a-3p/GATAG in the peripheral blood of
patients with NSCLC has a high clinical diagnostic efficiency
and prognostic value.

miRNAs represent molecular biomarkers and potential
targets for therapeutic interventions in NSCLC, especially the
miR-200 family members (16,37). The pan-cancer analysis
platform ENCORI used in the current study demonstrated that
miR-200a-3p was elevated, whereas GATA6 was significantly
decreased in LUSC and LUAD, which was also confirmed in
the peripheral blood of clinical patients with NSCLC. The
crucial and complex roles of the miR-200 family have been
discussed in lung cancer (16). miR-200a-3p is upregulated in
lung cancer and the subtype LUSC (38-40). GATAG is a potent
and clinically relevant tumor suppressor gene in LUAD (41).
Disease-related miRNAs have been extensively studied, and
several blood-based miRNA tests have been developed for
lung cancer diagnosis, with reasonable sensitivity and speci-
ficity (42-44). Subsequently, the ROC curve method was used
to analyze the diagnostic value of miR-200a-3p and GATAG.
The AUC of miR-200a-3p in the peripheral blood of patients
with NSCLC was 0.721, and the cut-off value was 1.475 with
a sensitivity of 83.33% and a specificity of 63.33%. The AUC
of GATAG in the peripheral blood of patients with NSCLC
was 0.774, and the cut-off value was 1.195 with a sensitivity of
53.33% and a specificity of 83.33%. To sum up, miR-200a-3p
>1.475 and GATAG6 <1.195 may assist in the early diagnosis of
NSCLC.

Through database prediction and dual-luciferase assay, it
was validated that GATAG is a target gene of miR-200a-3p.
miR-200a-3p upregulation has been indicated to indepen-
dently lower TNF-a-induced expression of transcription factor
GATAG6 (45). Next, the clinical significance of miR-200a-3p
and GATAG6 were analyzed. The patients were allocated
into miR-200a-3p and GATAG6 high/low expression groups
according to the median expression of miR-200a-3p and
GATAG. The analysis of clinicopathological features demon-
strated that the levels of miR-200a-3p and GATAG in the
peripheral blood were not associated with age, sex, smoking

history, histological type and tumor size, but were significantly
associated with TNM stage, LNM and distal metastasis (not
for GATAG). Consistently, another study has revealed that
miR-200c overexpression is significantly associated with
LNM, advanced TNM and poor survival rates in NSCLC (46).
Higher level of GATAG6 in LUAD was significantly associated
with longer survival of patients in all stages (41). Furthermore,
compared with stage I-1I1, the expression of miR-200a-3p in the
peripheral blood of patients with NSCLC at stage III-IV was
increased while that of GATAG was significantly decreased.
Similarly, miR-200a has been associated with cancer metas-
tasis (47). Therefore, we hypothesized that miR-200a-3p
and GATAG6 expression may be associated with the clinical
progression of NSCLC.

In the treatment process of NSCLC, blood-based
biomarkers can help guide treatment decisions by moni-
toring tumor load, minimal residual or recurrent disease and
genetic alterations (48). CEA, SCCAg and NSE are typical
serum tumor markers (6,8,49) and exhibit high clinical
reliability in NSCLC. Therefore, we evaluated their expres-
sion and correlation with miR-200a-3p and GATAG6. The
results demonstrated that miR-200a-3p and GATAG were
correlated with CEA and SCCAg, but not with NSE. There
is no report on the correlation of the three biomarkers with
miR-200a-3p and GATAG in the peripheral blood of patients
with NSCLC, to the best of our knowledge, therefore the
present study demonstrated this analysis for the first time.
Finally, the prognostic significance of miR-200a-3p and
GATAG was analyzed. The cumulative survival rate of the
miR-200a-3p high expression group was markedly lower
than that of the miR-200a-3p low expression group, and the
cumulative survival rate of the GATAG low expression group
was notably lower than that of GATAG6 high expression
group. In addition, miR-200a-3p predicted NSCLC adverse
prognosis with an AUC of 0.653, a sensitivity of 64.52% and
a specificity of 68.97%. GATA6 predicted NSCLC adverse
prognosis with an AUC of 0.616, a sensitivity of 48.39%
and a specificity of 75.86%, indicating that high expression
of miR-200a-3p and low expression of GATAG6 predicted
poor prognosis. Furthermore, after adjusting for TNM
stage, lymph node metastasis, distant metastasis, GATAO,
CEA, NSE and SCCAg in the logistic regression model,
high miR-200a-3p expression was indicated to increase
the risk of death in patients with NSCLC, indicating that
miR-200a-3p expression was independently associated with
the poor prognosis of NSCLC. miR-200a/b/c are potential
prognostic indicators of LUSC (40). GATAG is decreased
in high-grade LUAD (50,51), and its reduction can enhance
the metastatic potency in LUAD (20). In summary, high
expression of miR-200a-3p and low expression of GATA6
predicted poor prognosis in patients with NSCLC.

In conclusion, high expression of miR-200a-3p and low
expression of GATAG in the peripheral blood were associated
with clinical features and serum markers, and predicted poor
prognosis in patients with NSCLC. Restoration of GATA6
expression or inhibition of miR-200a-3p may therefore
represent a possibility for NSCLC early treatment. This was
a case-control study, which revealed the clinical diagnostic
efficacy of miR-200a-3p and GATAG6 in NSCLC. However,
there are still certain limitations in the present study: i) The
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sample size was small and the diagnostic and prognostic value
of miR-200a-3p and GATAG still requires further verification
in a cohort with an appropriate sample size; ii) serum and
plasma miRNAs mainly come from exosomes: Because of
their increased number when diseases invade the body, stable
existence in body fluids, easy access and resistance to enzy-
matic hydrolysis, they are considered to be ideal biomarkers
for early cancer diagnosis. Serum exosomal miRNAs not
only can be used for the early diagnosis of lung cancer, but
also have the potential to distinguish NSCLC and SCLC (52).
Whether the level of miR-200a-3p in the peripheral blood
of patients with NSCLC included in the present study is
associated with the level of serum exosomal miR-200a-3p,
and whether the level of serum exosomal miR-200a-3p has
the value of early diagnostic and prognostic evaluation of
NSCLC still needs to be further studied; iii) the expression
of miR-200a-3p and GATAG6 in tumor samples were not
detected; iv) the downstream targets of miR-200a-3p and
GATAG are not fully understood, and the regulatory mecha-
nism of NSCLC still requires to be further elucidated. In the
future, the regulatory upstream or downstream mechanism
of miR-200a-3p and GATA6 in NSCLC will be further inves-
tigated, and in-depth functional research on miR-200a-3p
and GATAG6 will be conducted. Furthermore, the present
study demonstrated that the expression of miR-200a-3p and
GATAG6 may be used for the early diagnosis and treatment
of NSCLC, indicating that it may be associated with the
intensity of tumor load in patients with NSCLC. Whether
the postoperative expression of miR-200a-3p and GATA6
is also associated with the tumor load intensity remains to
be explored. Detection of their expression following patient
operation will help to evaluate the effect of radical opera-
tion and provide reference for further treatment after the
operation.
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