
Int J Clin Exp Pathol 2019;12(11):4222-4231
www.ijcep.com /ISSN:1936-2625/IJCEP0101129

Original Article
miR-516a-3p promotes proliferation, migration,  
and invasion and inhibits apoptosis in lung  
adenocarcinoma by targeting PTPRD

Anhao Wu1*, Xin Yang2*, Bing Zhang1, Shuting Wang1, Gaofeng Li1

1Department of Thoracic Surgery Ward II, Third Affiliated Hospital, Kunming Medical University, Tumor Hospital of 
Yunnan Kunming Province, Kunming, Yunnan, P. R. China; 2Department of Blood Transfusion, The First People’s 
Hospital of Yunnan Province, The Affiliated Hospital of Kunming University of Science and Technology, Kunming, 
Yunnan, P. R. China. *Equal contributors.

Received August 19, 2019; Accepted September 24, 2019; Epub November 1, 2019; Published November 15, 
2019

Abstract: Background: Multiple previous studies have indicated miR-516a-3p was associated with carcinogenesis in 
lung cancer. However, its biologic functions in lung adenocarcinoma remain unknown. The aim of this study was to 
investigate the expression of miR-516a-3p in lung adenocarcinoma, its molecular mechanisms of miR-516a-3p, and 
its effects on cell proliferation, migration, invasion, and apoptosis. Methods: The expression of miR-516a-3p and 
PTPRD was tested by reverse transcription-quantitative polymerase chain reaction. Cell migration and invasion as-
says were used to evaluate the migration and invasion ability of cells. Flow cytometry was performed to observe the 
effects of miR-516a-3p on the cell apoptosis. Western blot analysis was used to assess the protein levels of PTPRD. 
Luciferase reporter assay was utilized to identify whether PTPRD was a direct target of miR-516a-3p. Results: There 
was upregulated expression of miR-516a-3p in lung adenocarcinoma tissues as well as cell lines. In addition, miR-
516a-3p expression knock-down could inhibit cell proliferation, invasion, and migration, but promote apoptosis in 
lung adenocarcinoma. By contrast, overexpression of miR-516a-3p resulted in the opposite effect. Dual luciferase 
assay, RT-PCR and western blot analysis results confirmed that PTPRD was a direct target for miR-516a-3p. Further 
studies also found PTPRD was down-regulated in lung adenocarcinoma and there was a negative correlation be-
tween miR-516a-3p and PTPRD expression in lung adenocarcinoma. Moreover, miR-516a-3p and PTPRD were sig-
nificantly correlated with the clinical stage of lung adenocarcinoma. Conclusions: Our current findings showed that 
miR-516a-3p was up-regulated in lung adenocarcinoma, functioning as a tumor-promoting gene by targeting PTPRD.
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Introduction

The pathologic classification of lung cancer in- 
cludes non-small cell lung cancer (NSCLC) as 
well as small cell lung cancer (SCLC). The preva-
lence of lung adenocarcinoma, the main histo-
logical type of NSCLC, has been recently rising 
worldwide, with low overall survival (OS) rate 
[1]. 

MicroRNAs (miRNAs), endogenous small-RNA 
molecules of 23 nt in length, can negatively 
modulate target gene expression by transla-
tionally suppressing or degrading its target 
mRNA [2]. The critical roles of miRNAs in all bio-
logical processes have been widely reported 

previously, which are correlated with multiple 
human disorders, including lung cancer [3, 4]. 
miR-30b and miR-30c are able to suppress the 
proliferation of NSCLC cells by targeting Rab18 
[5]. The supplementation with let-7b and miR-
34a could increase therapeutic sensitivity of 
erlotinib in NSCLC cells [6]. miRNA-199b could 
suppress cell proliferation, invasion, as well as 
migration in NSCLC by targeting ZEB1 [7]. miR-
32 has been reported to inhibit proliferation, 
epithelial-mesenchymal transition (EMT) and 
subsequent metastasis by targeting TWIST1 in 
NSCLC [8]. miRNA-223 may induce apoptosis of 
NSCLC through the PI3K/AKT pathway by tar-
geting EGFR [9].

http://www.ijcep.com
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In this research, we revealed the up-regulated 
expression of miR-516a-3p in lung adenocarci-
noma tissuesand cells in comparison to ma- 
tched normal lung tissues and human bronchi-
al epithelial cell line (HBEpC). In addition, miR-
516a-3p expression knock-down could inhibit 
cell proliferation, invasion, and migration, but 
promote apoptosis in lung adenocarcinoma. By 
contrast, overexpression of miR-516a-3p re- 
sulted in the opposite effect. Moreover, PTPRD 
was shown as a direct target for miR-516a-3p 
in lung adenocarcinoma, and the expression of 
PTPRD was down-regulated in lung adenocarci-
noma tissues and cell lines. We also revealed 
that there was a negative correlation between 
the expression of miR-516a-3p and PTPRD in 
lung adenocarcinoma and the expression of 
miR-516a-3p, and PTPRD was significantly cor-
related with the clinical stage of lung adenocar-
cinoma. In conclusion, miR-516a-3p was shown 
to might act as a tumor-promoter gene by tar-
geting PTPRD in lung adenocarcinoma.

Materials and methods 

Patients and specimen collection and cell cul-
ture

Tissues of lung adenocarcinoma and normal 
lung were collected from 57 patients with lung 
adenocarcinoma (age 37-71 years; mean age, 
57 years; 28 males and 29 females) in the De- 
partment of Thoracic Surgery Ward II at the 
Third Affiliated Hospital of Kunming Medi- 
cal University from August 2018 to November 
2018. Tissues were immediately stored in 
RNAlater (Sigma, USA) at -80°C after surgical 
resection. Adjuvant radiochemotherapy was 
not performed on any patients. Clinicopatho- 
logical features were extracted from all pa- 
tients, including smoking status, age, tumor 
size, lymph node (LN) involvement, gender, tu- 
mor-node-metastasis (TNM) classification.

Human lung adenocarcinoma cell lines (H1299, 
SPC-A1, A549) as well as human bronchial epi-
thelial cell line including (16HBE, BEAS-2B) 
were commercially obtained from Shanghai In- 
stitute of Cell Biology (Academia Sinica, China), 
and then maintained in RPMI-1640 medium 
(HyClone, USA) containing 10% FBS (HyClone), 
penicillin (100 U/ml) and streptomycin (100 
mg/ml) (Gibco) at 37°C with 5% CO2.

Total RNA extraction and reverse transcrip-
tion-quantitative polymerase chain reaction 
(RT-qPCR)

Trizol (Sigma) reagent was employed for total 
RNA extraction from tissues and cells. cDNA 
was prepared from total RNA for mRNA and 
miRNA quantification using miRcute Plus 
miRNA First-strand cDNA Synthesis kit (Tiangen 
Biotech Co, Ltd.) as well as RevertAid First 
Strand cDNA Synthesis Kit (Thermo Scien- 
tificTM). miRcute Plus miRNA qPCR Detection 
Kit (TIANGEN) and FastStart Universal SYBR 
Green Master (ROX) (Roche Diagnostics) were 
purchased to assess miR-516a-3p and PTPRD 
expression, respectively, followed by analysis 
on 7500 Real-Time PCR system (Applied 
Biosystems). Primers were designed as: miR-
516a-3p, forward, 5’-ACCCTCTGAAAGGAAGCA- 
3’; U6, forward, 5’-CTCGCTTCGGCAGCACATATA- 
CT-3’; PTPRD, forward, 5’-CTCCAAGGTTTACAC- 
GAACACC-3’ and reverse, 5’-AGTCCGTAAGGG- 
TTGTATTCTGA-3’; GAPDH, forward, 5’-CAAGGT- 
CATCCATGACAACTTTG-3’ and reverse, 5’-GTCC- 
ACCACCCTGTTGCTGTAG-3’. The 2-ΔΔCT meth-
od was employed for calculation of the relative 
expression of miR-516a-3p and PTPRD, fol-
lowed by normalization to U6-snRNA and β- 
actin expression, respectively. Melt curve was 
used to verify the specificity of amplification.

Transfection

miR-516a-3p mimics, inhibitor, and NC were all 
commercially obtained from GenePharma Co, 
Ltd. (Shanghai, China). The sequences of miR-
516a-3p mimics, miR-516a-3p inhibitor and  
NC sequence were 5’-UGCUUCCUUUCAGAGG- 
GU-3’, 5’-ACCCUCUGAAAGGAAGCA-3’ and 5’- 
UUCUCCGAACGUGUCACGUTT-3’, respectively. 
Briefly, H1299 and SPC-A1 cells were inoculat-
ed and incubated in 6-well plates for 24 h, fol-
lowed by transfection of these small RNA mol-
ecules (50 nM) using Lipofectamine 3000 (In- 
vitrogen) in line with standard protocol. Wes- 
tern blot and qRT-PCR were employed to as- 
sess transfection efficiency after 48 h.

Wound-healing assay

After transfection with miR-516a-3p inhibitor, 
mimics, or NC for 48 h, H1299 and SPC-A1 
cells were inoculated in 6-well plate, followed 
by incubation for 12 h. After transfected and 
untransfected cells reached to 90% conflu-
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ence, a blue P1000 pipette tip (Corning) was 
employed to scratch the cell monolayer, fol-
lowed by incubation for 24 h. Cells were photo-
graphed under a phase contrast microscope 
(magnification, × 100) for the evaluation of hea- 
ling rate at 0, 24 and 48 h. ImageJ (version 
1.51; NIH, USA) was used to plot the wound 
areas. Alterations in wound areas during differ-
ent time points were shown as the percentage 
of original ones.

Cell proliferation assay

After transfection with miR-516a-3p inhibitor, 
mimics, or NC for 24 h, H1299 and SPC-A1 
were inoculated into 96-well plates (2 × 103 
cells/well, 200 µl/well), incubated for 24, 48, 
72 and 96 h. Afterwards, CCK-8 assay (Beyo- 
time, China) was conducted in line with the 
manufacturer’s instructions using a microplate 
reader (Thermo Fisher Scientific) at 450 nm.

Cell migration and invasion assays

Transwell chambers without or with Matrigel 
(Corning) were employed for the assessment of 
the migration or invasion ability of transfected 
cells. In brief, H1299 and SPC-A1 cells trans-
fected with miR-516a-3p inhibitor, mimics or 
NC (5 × 104 cells/Transwell) in 200 µl FBS-free 
1640 medium were inoculated in the upper 
chamber (8-μm pore size; BD Falcon). A total of 
600 µl 1640 medium supplemented with 10% 
FBS was added to the lower chamber. After 
incubation for 24 h, a cotton swab was used to 
remove cells in the outside surface of upper 
chamber, while those in the inside surface was 
fixed in methanol, stained with 0.1% crystal vio-
let. Afterwards, we counted the number of cells 
penetrating the membrane under microscope 
(magnification, × 100) in five random areas.

Flow cytometry analyses

FITC Annexin V Apoptosis Detection Kit (BD 
Pharmingen) was purchased for apoptosis 
assay. After washing with cold PBS twice, cells 
were resuspended in 1 × Binding Buffer (1 × 
106 cells/ml), followed by transferring 100 µl 
solution to a 5 ml culture tube. Then, 5 µl of 
FITC Annexin V as well as 5 µl PI were added, 
followed by gentle vortexing as well as incuba-
tion in dark at room temperature (RT) for 15 
min. Finally, apoptosis was analyzed by flow 

cytometry (BD FACSAria II, USA) after adding 
400 µl of Binding Buffer.

Western blot analysis

Cells were detached with trypsin, centrifuged, 
and washed with cold PBS twice, then lysed in 
1% RIPA (Solarbio) with PMSF (Solarbio). After 
quantification by BCA assay kit (Tiangen), equal 
amount of protein was subjected 10% SDS-
PAGE, transferred to PVDF membrane (Milli- 
pore), blocked with 5% skimmed-milk at RT for 
1 h. Afterwards, the membranes were reacted 
with proper primary antibodies (PTPRD (1:1000, 
#ab233806, Abcam), β-actin (1:2,000, #E-AB-
20031, Elabscience)) at 4°C overnight. After 
washing with TBST three times (10 min each), 
membranes were reacted with HRP-conjugated 
secondary antibodies for 2 h at RT, followed by 
visualization using ECL detection kit (Solarbio). 
Finally, Image lab software was utilized for 
analysis. 

Luciferase reporter assay

In order to determine the mechanism underly-
ing the promoting role of miR-516a-3p on cell 
invasion, migration and proliferation, Target- 
Scan (http://www.targetscan.org) was used to 
explore the miRNA target. As a result, a highly 
conserved putative miR-516a-3p binding site 
was detected in the 3’UTR of PTPRD. Lucifera- 
se reporter assay was further conducted. 293 
cells were co-transfected with pRL-PTPRD-
3’UTR wild type (WT) or pRL-PTPRD-3’UTR 
mutant (MUT) (synthesized and validated by 
Shanghai Genomeditech Co., Ltd.), and miR-
516a-3p mimics or NC using Lipofectamine 
2000 (Invitrogen). Co-transfection of pRL-TK 
3’-UTR target plasmid (Promega, 10 ng) and 
pRL-TK 3’-UTR negative control plasmid (10 ng) 
into 293 cells was taken as control. Reportable 
gene detection kit (Genomeditech Co., Ltd.) 
was purchased to analyze final results, Dual 
Luciferase Reporter assay (Promega) was used 
to analyze luciferase activities.

Statistical analysis

SPSS 16.0 software (SPSS, Chicago, USA) was 
employed for statistical analysis. Assays were 
conducted in duplicate, with data shown as 
mean ± SD. Student’s t-test and one-way ANOVA 
followed by Tukey’s test were employed for two-
group comparison and multi-group comparison, 
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respectively. χ2 test was utilized to analyze clini-
copathologic data and the expression of miR-
516a-3p and PTPRD. A P<0.05 was considered 
significant.

Results

The increased miR-516a-3p expression but 
decreased PTPRD expression in lung adeno-
carcinoma

RT-qPCR was utilized to measure miR-516a-3p 
expression in tissues as well as cells, revealing 

3p expression was markedly enhanced after 
transfection with miR-516a-3p mimic, but was 
markedly decreased following miR-516a-3p 
inhibitor transfection, in comparison with NC 
transfection (Figure 2B), suggesting the suc-
cessful construction of transfected cells. CCK-8 
assay showed significantly enhanced cell 
growth following transfection with miR-516a-
3p mimic, which was reduced after transfection 
with miR-516a-3p inhibitor, compared with the 
NC group at various time points (Figure 2C). In 
addition, a wound-healing assay along with a 

Figure 1. Expression levels of miR-516a-3p and PTPRD in lung adenocarci-
noma. A and B: The expression of miR-516a-3p and PTPRD was assessed 
in different lung adenocarcinoma cell lines (A549, H1299 and SPC-A1) 
and human bronchial epithelial cell lines (BEAS-2B and 16HBE). C and D: 
miR-516a-3p was upregulated and PTPRD was downregulated in lung ad-
enocarcinoma tissues compared with matched adjacent normal tissues. E: 
Negative correlation between miR-516a-3p and PTPRD expression in lung 
adenocarcinoma. *P<0.05 vs. BES-2B, 16HBE, the negative control and 
adjacent normal tissues. miR, microRNA; neg, negative.

the up-regulation of miR-516a-
3p expression in lung adeno-
carcinoma tissues and cell 
lines (H1299, SPC-A1, A549) 
compared to paired normal 
lung tissues and HBEpC lines 
(16HBE and BEAS-2B) (Figure 
1A and 1B). However, the 
expression of PTPRD was do- 
wn-regulated in lung adenocar-
cinoma tissues as well as cell 
lines in comparison to paired 
normal lung tissues as well as 
HBEpC lines (Figure 1B and 
1D). Thus, the expression of 
miR-516a-3p and of PTPRD 
were negatively correlated in 
lung adenocarcinoma (Figure 
1E). Furthermore, miR-516a-
3p and PTPRD expression was 
significantly related to lung ad- 
enocarcinoma stage, but not 
other clinicopathologic featu- 
res (including tumor size, gen-
der, LN involvement, age, or 
smoking status) (Tables 1 and 
2). 

miR-516a-3p enhanced prolif-
eration, migration as well as 
invasion in lung adenocarci-
noma cells

To reveal the roles of miR-
516a-3p on lung adenocarci-
noma cells, miR-516a-3p inhi- 
bitor, mimic, and NC were tr- 
ansfected into lung adenocar-
cinoma cells, followed by fluo-
rescence microscopy (Figure 
2A) and RT-qPCR to determi- 
ne the transfection efficien- 
cy. Consequently, miR-516a-
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transwell migration/invasion assay were used 
to assess the migration/invasion capacity of 
lung adenocarcinoma cells after transfection. 
Transfection of miR-516a-3p inhibitor led to 
reduced migration/invasion, while transfection 
of miR-516a-3p mimic resulted in enhanced 
migration/invasion capacity, in comparison 
with NC transfection (Figure 3).

miR-516a-3p inhibited apoptosis of lung ad-
enocarcinoma cells

Flow cytometry showed that knock-down of 
miR-516a-3p could promote apoptosis, while 
over-expression of miR-516a-3p suppressed 
apoptosis in lung adenocarcinoma cells, com-
pared to the NC transfection group (Figure 4).

PTPRD was a novel direct target of miR-516a-
3p

To examine the mechanism underlying the pro-
moting role of miR-516a-3p in invasion, migra-
tion and proliferation, TargetScan was utilized 
for searching miRNA target. Bioinformatics 
analysis showed that PTPRD was a candidate 
target of miR-516a-3p (Figure 5A). Luciferase 
reporter assay, RT-qPCR as well as WB were 
performed for further validation whether PTP- 
RD was a direct target of miR-516a-3p. pGL3-
PTPRD-3’UTR WT or pGL3-PTPRD-3’UTR MUT 
was co-transfected with miR-516a-3p mimics 
or NC in 293 cells. As a result, upregulation of 
miR-516a-3p repressed the luciferase activi-
ties of pGL3-PTPRD-3’UTR WT, but not pGL3-
PTPRD-3’UTR MUT (Figure 5D). Knockdown of 
miR-516a-3p could increase mRNA levels of 
PTPRD in H1299 and SPC-A1 cells, while the 
mRNA levels of PTPRD was decreased follow- 
ing miR-516a-3p overexpression (Figure 5B). 
Knockdown of miR-516a-3p could enhance the 
PTPRD protein level (Figure 5C). The present 
findings demonstrated that miR-516a-3p could 
negatively modulate PTPRD expression in lung 
adenocarcinoma.

Discussion

Here, we showed that miR-516a-3p was up-
regulated in lung adenocarcinoma tissues as 
well as cell lines compared to paired normal 
lung tissues and HBEpC lines, respectively. Our 
study also showed that PTPRD expression was 
down-regulated in lung adenocarcinoma tis-
sues as well as cell lines compared to paired 
normal lung tissues as well as HBEpC lines. 

Table 1. Comparison analysis of clinicopathologi-
cal characteristics for miR-516a-3p in tissue

Characteristics N
miR-516a-3p

χ2 P-value
High Low

Gender
    Male 16 10 6 0.304 0.581
    Female 24 17 7
Age
    <60 22 14 8 0.333 0.564
    ≥60 18 13 5
Smoking status
    Yes 13 8 5 0.312 0.576
    No 27 19 8
pT
    T1 24 16 8 0.019 0.890
    T2-4 16 11 5
pN
    N0 32 21 11 0.256 0.613
    N1-3 8 6 2
TNM stage
    I 28 22 6 3.543 0.022
    II-III 12 5 7
N, number; p, pathological staging; pT, pathologic tumor stag-
ing; pN, pathologic lymph node staging; TNM, tumor-nodes-
metastasis.

Table 2. Comparison analysis of clinicopathologi-
cal characteristics for PTPRD in tissue

Characteristics N
PTPRD

χ2 P-value
High Low

Gender
    Male 22 3 19 0.305 0.580
    Female 20 4 16
Age
    <60 29 5 24 0.022 0.881
    ≥60 13 2 11
Smoking status
    Yes 25 5 20 0.724 0.395
    No 17 2 15
pT
    T1 23 6 17 3.249 0.071
    T2-4 19 1 18
pN
    N0 33 7 26 2.291 0.130
    N1-3 9 0 9
TNM stage
    I 28 7 21 4.200 0.040
    II-III 14 0 14
N, number; p, pathological staging; TNM, tumor-nodes-
metastasis.
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Therefore, the expression of miR-516a-3p and 
PTPRD were negatively correlated in lung ade-
nocarcinoma. Furthermore, miR-516a-3p and 
PTPRD expression was significantly correlated 
with the clinical stage of lung adenocarcinoma. 
In addition, cell experiments were conducted to 
evaluate the roles of miR-516a-3p on physio-
logic processes of lung adenocarcinoma. In 
brief, CCK8, wound-healing as well as Transwell 
migration/invasion assays indicated that over-
expression of miR-516a-3p could promote cell 
proliferation, migration, and invasion, which 
were suppressed by knock-down of miR-516a-
3p in lung cancer cell lines. Bioinformatic analy-
sis, luciferase reporter assay, RT-qPCR and WB 
confirmed that PTPRD was a novel direct target 
of miR-516a-3p. Collectively, our current out-
comes demonstrated that miR-516a-3p acted 
as a tumor promotor through directly targeting 
PTPRD in lung adenocarcinoma.

According to several previous studies, miR-
516a-3p is critically involved in cancer. In gas-

tric cancers, miR-516a-3p has been revealed 
to be associated with metastasis and function 
as an anti-metastamir in blocking metastatic 
dissemination [10]. In prostate cancer, loss of 
miR-516a-3p could drive its progression by up-
regulation of ABCC5 [11]. miR-516a-3p has 
also found to have a correlation with the ag- 
gressiveness of LN-negative, ER-positive hu- 
man breast malignancy [12]. In lung cancer, a 
novel binding site for miR-516a-3p was disrupt-
ed by SNP, causing moderately increased ex- 
pression of both mRNA and protein of CXCR2, 
and enhanced MAPK signaling [13]. However, 
there were no reports concerning the expres-
sion or function of miR-516a-3p in lung ade- 
nocarcinoma.

miRNAs play diverse roles in both physiologic 
and pathologic processes by binding with the 
3’UTR of target gene mRNA for negative regula-
tion. Therefore, identification of miR-516a-3p 
target genes is important to understand the 
roles of miR-516a-3p in tumorigenesis, and for 

Figure 2. Evaluation of transfection efficiency and miR-516a-3p effect on cell proliferation. A: Observation by fluo-
rescence microscopy following 12 h after transfection. B: The expression of miR-516a-3p in cells transfected with 
miR-516a-3p mimics, miR-516a-3p inhibitor, or negative control was determined by reverse transcription quantita-
tive polymerase chain reaction assay. C: Knock-down of miR-516a-3p could inhibit cell proliferation of lung adeno-
carcinoma cells, while cell growth could be promoted by over-expression of miR-516a-3p.



miR-516a-3p fuctions as onco-miRNA in lung adenocarcinoma

4228 Int J Clin Exp Pathol 2019;12(11):4222-4231

Figure 3. Cell migration and invasion assays of lung adenocarcinoma cells transfected with miR-516a-3p mimics, inhibitor, or negative control. A and B: Representa-
tive images of miR-516a-3p-transfected cell monolayer wound healing following 24 h (magnification, × 100). C and D: Transwell assay demonstrated that miR-516a-
3p could regulate lung adenocarcinoma cell migration and invasion. The original magnification was × 200, and data represent the average cell number from three 
viewing fields. *P<0.05 vs. Negative control. miR, microRNA; neg, negative.
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the investigation of new therapeutic targets. 
Herein, we identified PTPRD as a direct target 
of miR-516a-3p. Luciferase reporter assay sh- 
owed that miR-516a-3p might directly target 
PTPRD, which was further revealed by RT- 
qPCR as well as WB. miR-516a-3p overexpres-
sion caused significantly reduced mRNA and 
protein expression of PTPRD in lung adenocar-
cinoma cells.

PTPRD, located on chromosome 9p, is one of 
the protein tyrosine phosphatase (PTP) family 
members [14], which is dem a tumor suppres-
sor gene, involved in human malignancy pro-
gression [15]. High-resolution analysis of chro-
mosomal breakpoints as well as genomic insta-

bility has confirmed PTPRD as a potential tumor 
suppressor gene in neuroblastoma [16]. PTPRD 
is also identified as a potential tumor suppres-
sor gene in cutaneous squamous cell carcino-
ma, which is probably correlated with metasta-
sis, detected by single nucleotide polymorphi- 
sm microarray analysis [17]. In addition, high 
resolution ArrayCGH and expression profiling 
show PTPRD as a potential tumor suppressor 
gene in laryngeal squamous cell carcinoma 
[18]. Moreover, deleterious alterations in PT- 
PRD could be a potential biomarker for bevaci-
zumab resistance in metastatic colorectal can-
cer patients [19]. Furthermore, a study has 
found that the expression of PTPRD is reduced 
in most cell lines and surgical specimens of 

Figure 4. Flow cytometry of lung adenocarcinoma 
cells transfected with miR-516a-3p mimics, in-
hibitor or negative control. A and B: Knockdown of 
miR-516a-3p could promote lung adenocarcinoma 
cells apoptosis, which was inhibited by overexpres-
sion of miR-516a-3p. *P<0.05 vs. Negative con-
trol. miR, microRNA; neg, negative.
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lung cancer [20]. Kim [14] et al. have found  
that the mechanism of PTPRD in cancer may  
be mediated by regulating STAT3 signaling. 
Generally, the mechanism of PTPRD in cancer 
needs to be further investigated. Our present 
outcomes have demonstrated PTPRD was 
down-regulated in lung adenocarcinoma tis-
sues as well as cell lines in comparison to 
paired normal lung tissues as well as HBEpC 
lines. In addition, the expression of miR-516a-
3p and PTPRD expression were inversely cor-
related in lung adenocarcinoma. Furthermore, 
miR-516a-3p and PTPRD expression was sig-
nificantly related to lung adenocarcinoma sta- 
ge, but not other clinicopathologic features 
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