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Abstract
Background: MicroRNAs (miRNAs) function as potential diagnostic biomarkers in
various cancers. This study aimed to evaluate the roles of miR-205-5p in lung cancer
progression and diagnosis.
Materials and Methods: MiR-205-5p was detected by quantitative real-time PCR.
The effect of miR-205-5p on cell proliferation and metastasis was estimated by
MTT and flow cytometry. The expression of TP53INP1 and related genes was
analyzed by immunoblotting. The diagnostic value of miR-205-5p was analyzed
using receiver operating characteristic (ROC) curve analysis, sensitivity, and
specificity.
Results: The miR-205-5p was increased in lung cancer tissues. MiR-205-5p mimics
were promoted but its inhibitor suppressed cell proliferation and metastasis compared
with control treatment in vitro and in vivo. By regulating the 30 untranslated region,
miR-205-5p could negatively regulate TP53INP1 expression, which further inhibited
the expression of RB1 and P21, but increased that of cyclinD1. Moreover, the serum
miR-205-5p levels of patients with lung cancer were significantly higher than those of
normal controls, and they were correlated with patients’ gender, drinking status, and
clinical stage. The area under the ROC curve of serum miR-205-5p in the diagnosis of
non-small-cell lung cancer was 0.8250, respectively. The finding supported its posses-
sion of high diagnostic efficiency for lung cancer.
Conclusions: MiR-205-5p promoted lung cancer cell proliferation and metastasis by
negatively regulating the novel target TP53INP1, which further affected the expression
of P21, RB1, and cyclin D1. Serum miR-205-5p is a novel and valuable biomarker for
lung cancer diagnosis.
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INTRODUCTION

Lung cancer is the carcinogenesis of lung tissue cells, and
it seriously threatens public health as its incidence and
mortality are the highest among malignant tumors

worldwide.1 In 2017, the China Cancer Center reported
that the number of new cases of lung cancer was 1.2 mil-
lion per year, and 80% of lung cancer is non-small-cell
lung cancer (NSCLC).1–3 The early symptoms of patients
with lung cancer are not obvious, and the detection of
lung cancer is often in middle or late stage. Therefore,
early diagnosis is the key measure to improve the survival
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rate and reduce mortality. The development of lung can-
cer is closely related not only to environmental factors
but also genetic factors. The limitations of application in
early clinical screening are due to the lack of satisfactory
sensitivity and specificity of tumor markers, therefore
establishing higher specificity and sensitivity of markers is
important for lung cancer diagnosis and therapy.

MicroRNAs (miRNAs), as endogenous and non-
coding small RNAs, 18–22 nucleotides in length, play the
crucial roles of oncogenes and suppressive genes in tumor
progression by regulating the targeted gene.4–7 The
expression of miRNAs is specific in different tissues and
cells due to their different functions, which are involved
in differentiation, development, and cell cycle.8 MiRNA
dysregulation could induce many cases of cancer, and
understanding the functions of miRNAs in tumors is not
only helpful to explain the occurrence and development
of tumors, but also beneficial for patients to obtain accu-
rate treatment.

MiR-205-5p has been reported to play crucial roles
in tumorigenesis of lung cancer.9–13 The expression of
miR-205-5p in lung squamous cell carcinoma (LUSC)
and small-cell lung cancer (SCLC) tissues was reported
to increase significantly compared with that in adjacent
tissues.10 In serum, significantly higher miR-205-5p rel-
ative expression was observed in patients with NSCLC
than in the control group.11 Ulivi et al. studied the
prognostic value of miRNAs in 182 patients with lung
cancer, and found that miR-205-5p was significantly
associated with survival of patients with LUSC.12

Although the abovementioned studies showed that miR-
205-5p levels were increased in lung cancer tissues, the
detailed mechanism of miR-205-5p in tumorigenesis
and its role as a diagnostic biomarker for lung cancer
needed to be further studied. Here, miR-205-5p pro-
moted lung cancer cell proliferation and metastasis and
its targeted gene. Serum miR-205-5p levels were also
measured to explore the roles of miR-205-5p in the
diagnosis of lung cancer.

METHODS

Patients and serum samples

Seventy-five patients with lung cancer were recruited from
Dongying People’s Hospital, Affiliated Teaching Hospital of
Binzhou Medical University, Shandong Province, China. All
patients were pathologically diagnosed with lung cancer for
the first time. None of them received any radiotherapy or
chemotherapy, or had undergone surgical treatment. Sixty-
two healthy volunteers were enrolled as healthy controls
without any physical illness or tumor during the medical
checkup in this hospital. The study protocol was approved
by the Medical Ethics Committee of Binzhou Medical Uni-
versity and written informed consent was obtained from all
subjects before the study.

Sample preparation and miRNA extraction

Blood samples were collected from each sample between
7:00 a.m. and 8:00 a.m. The blood samples were centrifuged at
3000 rpm for 30 min at room temperature to separate serum.
The serum samples were then stored at �80�C. MiRNAs were
extracted from 200 μL of serum with a miRNeasy Serum/
Plasma Kit (Qiagen) according to the manufacture’s instructions.
In brief, 200 μL of serum sample was treated with 1 mL of
QIAzol solution (Qiagen). MiRNAs were extracted after adding
1.6 � 108 copies of miRNeasy Serum/Plasma Spike-In Control
(Qiagen). They were then eluted in 14 μL of RNase-free water,
and quality was verified using an Eppendorf Bio Spectrometer
(Eppendorf). The miRNA specimens were stored at �80�C.

Cell culture

Human lung cancer A549 and H1975 cell lines were purchased
from the Shanghai Institute of Cell Biology, China. The cells
were cultured in dulbecco’s modification of eagle’s medium
(DMEM) medium with 10% fetal bovine serum, then cultured
at 37�C with 5% CO2 in a humid incubator.

Reverse transcription and qRT-PCR

MiRNAs were added with poly (A) tail by Poly (A) polymerase
(Ambion). Reverse transcription was performed by SuperTag
Polymerase (TaKaRa Biotechnology). Then, miR-205-5p levels
were detected using the StepOnePlus Real-Time PCR System
(Thermo Fisher Scientific) with a QuantiTect SYBR Green
RT-PCR Kit (Qiagen). The primers used to amplify miR-
205-5p (GenePharm Co., Ltd) were forward, 50-TCCTTCATT
CCACCGGAGTC-30 and reverse, 50-AACATGTACAGTCC
ATGGATG-30. The PCR cycles incubation at 95�C for 10 min,
followed by 40 cycles of 95�C 15 s and 60�C for 1 min. MiR-
39 was used as a control, 50-AGCTGATTTCGTCTTGGTA
ATA-30. All reactions were performed in triplicate. The results
were represented as cycle threshold (CT) and calculated using
the 2�ΔΔCT method.14

Cell viability assays

The transfected cells were seeded into 96-well plates at a
density of 1 � 104 cells/well. A 3-(4,5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide solution (20 μL of
5 mg/mL MTT; Sigma) was added to the cultures (for a total
volume of 200 μL) and incubated for 4 h at 37�C. DMSO
was then added and absorbance at 570 nm was measured.

CCK8 assay

A549 and H1975 cells were seeded into 96-well plates with
1 � 104 cells/well. After miRNA or antisense oligonucleotides
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(ASO) treatment for 24, 48 or 72 h, 10 μL of CCK8
(Biosharp) was added to each well. The plates were incubated
in the incubator for 1–4 h. The absorbance was measured by
one ELISA reader (Multiskan FC, Thermo Fisher Scientific) at
450 nm.

Transwell migration assay

Cell migration was performed using Corning Costar Transwell
chambers with 8 μm pore size membranes (Sigma). After treat-
ment, A549 and H1975 cells incubated in a 500-μL serum-free
medium were seeded into the upper chamber. Then, 600 μL of
1640 medium supplemented with 10% calf serum was added
to the lower chamber. After 24 h of treatment, lower chamber
cells were stained with 1% crystal violet (Sigma) in 2% ethanol
for 20 min. The stained cells were counted under a microscope
(DM6000B, Leica). The experiment assay was analyzed in
triplicate.

Luciferase reporter assay

The primer sequence for the wild-type TP53-INP1-30

untranslated region (UTR) was forward, 50-TGTC
AAAGTGAGTTAGAAGT-30; reverse, 50-AAGTAAGTA
GATAGGGATGC-30. For the luciferase assay,
Lipofectamine 2000 was used to co-transfect A549 cells
with the miR-205-5p and pGL3-tp53-inp1 luciferase vec-
tors. The firefly luciferase activity was measured 24 h after
transfection, and the results were normalized against
β-gal. Each sample was assayed in triplicate.

Apoptosis assay

Apoptosis assay was performed 48 h after transfection by
using Annexin V-FITC/PI in accordance with the manufac-
ture’s protocols (KeyGEN Biotech. Co. Ltd), as described in
a previous study.15

Immunoblotting

Total protein was extracted from the transfected cells by
using RIPA lysis buffer (Beyotime) according to the man-
ufacturer’s instructions. The blots were incubated with
primary antibodies at 4�C. The following antibody dilu-
tions were used: anti-TP53INP1 (1:1000; Bioss), anti-P21
(1:1000; Proteintech Group), anti-RB1 (1:1000; Bioworld
Technology), anti-cylin D1 (1:1500; Bioworld Technol-
ogy), and anti-GAPDH (1:10000; Bioworld Technology).
After incubation with HRP-conjugated secondary anti-
bodies was performed, the protein bands were visualized
using an enhanced chemiluminescence reagent (Beyotime
Biotechnology).

Cancer cell xenografts

A549 cells treated with miR-205-5p, ASO-205, or controls
were harvested after transfection. In total, 2 � 106 A549
cells were injected subcutaneously into the backs of BALB/
C-nu nude mice aged 6–8 weeks (purchased from HFK Bio-
Technology). The primary tumors were estimated daily by a
caliper. One month later, the mice were euthanized by intra-
peritoneally injecting a barbiturate.

Statistical analyses

The correlation of serum miR-205-5p levels with the clinical
features of lung cancer, such as age, gender, smoking his-
tory, alcohol history, histology, TNM (tumor, node, metasta-
sis) stage, and pathological type, were analyzed using SPSS
22.0 software (IBM Corp.). Quantitative data were tested for
normality and homogeneity. Normal data were presented as
mean � standard deviation. Non-normal data were pres-
ented as median and quartiles. Categorical data were
expressed as percentages. Intergroup difference was com-
pared using Student’s t-test for normal data, the Wilcoxon
rank-sum test for non-normal data, and the chi-square (χ 2)
test for categorical data. Non-normal data was compared
using the Mann–Whitney U test. The receiver operating
characteristic (ROC) curve was established to evaluate the
diagnostic value of serum miR-205-5p for differentiation
between patients with lung cancer and healthy subjects. A
value of p < 0.05 was considered statistically significant.

RESULTS

MiR-205-5p levels were increased in lung cancer
tissues

MiRNAs, as small nonprotein coding RNAs, act as tumor
suppressors and oncogenes through negative gene regulation
in various cancers.16 Although miR-205-5p plays important
roles in tumorigenesis of human cancers, it can act either as
an oncogene or as tumor-suppressive gene in a certain
microenvironment.17 For further investigation of its roles in
lung cancer, miRNA microarray datasets were download
from the NCBI Gene Expression Omnibus (GEO) through
accession code GSE27705 (https://www.ncbi.nlm.nih.gov).
The expression of 33 miRNAs, including miR-205-5p,
increased, but that of 30 miRNAs decreased in NSCLC tis-
sues (n = 20) compared with control tissues (n = 10)
(Figure 1a,b). Data from the cancer genome atlas (TCGA)
further proved that miR-205-5p expression was significantly
increased in lung adenocarcinoma tissues (n = 447)
(Figure 1c) and lung squamous-cell carcinoma tissues
(n = 336) compared with that in normal controls (n = 44,
p < 0.01) (Figure 1d). These results indicate that miR-
205-5p may promote the progression of lung cancer.
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MiR-205-5p promotes the growth and
metastasis of lung cancer cells

Lung cancer cell lines A549 and H1975 were transfected
with miR-205-5p mimics or ASO-205-5p (miR-205 inhibi-
tor) to further investigate the role of miR-205-5p in lung
cancer progression. Compared with scrambled controls,
miR-205-5p was significantly overexpressed and promoted
cell proliferation in miR-205-5p mimic-treated A549 and
H1975 cells compared with scrambled control treatment
(Figure 2a–d). CCK8 assay further showed that miR-205-5p
overexpression promoted d A549 and H1975 cell prolifera-
tion (Figure 2e,f). Cell migration assay demonstrated that
miR-205-5p mimics also increased the metastasis of A549
and H1975 cells compared with scrambled control
(Figure 2g,h). The apoptotic number of A549 or H1975 cells
did not obviously change in the miR-205-5p mimic-treated
cultures (Figure 2i,j).

However, ASO-205-5p (miR-205 inhibitor) treatment
inhibited A549 and H1975 cell proliferation compared with
control treatment (Figure 3a–d). CCK8 assay also showed

that ASO-205-5p suppressed A549 and H1975 cell growth
(Figure 3e,f). ASO-miR-205-5p significantly inhibited cell
metastasis (Figure 3g,h) and induced cell apoptosis
(Figure 4i,j) of A549 or H1975 cells compared with control
treatment. The cell experiments supported that miR-205-5p
promoted lung cancer progression.

MiR-205-5p targets and negatively regulates
TP53INP1-related genes

MiRNAs could directly regulate gene expression via the
30-UTR of its targeted gene.17 Though miR-205-5p could
enhance the process of lung cancer,18 its detailed roles in
lung cancer remain unclear. To further investigate the
mechanism of miR-205-5p in regulating cancer cell prolifer-
ation, the target genes of miR-205-5p were predicted online
(http://www.targetscan.org/index.html) and the results
showed that the 30-UTR of tumor protein p53 inducible
nuclear protein 1 (TP53INP1) has the targeted sites of miR-
205-5p (Figure 4a). Then, the full-length wild-type

F I G U R E 1 Higher miR-205-5p
levels in lung cancer tissues. (a)
Volcano plot of miRNA datasets
GSE27705. Red, upregulated
miRNAs; blue, downregulated
miRNAs. (b) miR-205-5p expression
was increased in non-small-cell lung
cancer (n = 20) compared with
normal tissues (n = 10) from
GSE27705. Data were shown as
median (interquartile range),
**p < 0.01, Mann–Whitney U test.
(c, d) miR-205-5p levels increased in
lung adenocarcinoma (LUAD,
n = 447) and lung squamous cell
carcinoma (LUSC, n = 336)
compared with normal controls
(n = 44) from TCGA, respectively.
Data were shown as median
(interquartile range), **p < 0.01.
TCGA, the cancer genome atlas
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TP53INP1 30-UTR was cloned and inserted into the down-
stream of luciferase reporter to construct pcDNA-luci-
TP53INP1-30UTR. Luciferase reporter assay demonstrated
that miR-205-5p suppressed luciferase expression in
miR-205-5p and TP53INP1-30UTR-transfected A549 cells
compared with scrambled control treatment (Figure 4b).
MiR-205-5p inhibitor (ASO-205) increased the luciferase
levels compared with that in control-treated cultures
(Figure 4c). Mutant miR-205-5p (Mu-205) could not
increase the luciferase levels in A549 cells (Figure 4d). Simi-
lar luciferase changes were demonstrated in miR-205-5p or
inhibitor or mutant miRNA-transfected H1975 cells

(Figure 4e–g), indicating that miR-205-5p could regulate
luciferase expression via TP53INP1 30-UTR.

Immunoblotting revealed that the TP53INP1 protein
levels in miR-205-5p-treated cells significantly decreased
and levels in ASO-205-treated cultures increased compared
with that in control treatment (Figure 4h,i). The results fur-
ther supported that miR-205-5p could regulate TP53INP1
protein levels.

As a nuclear protein, TP53INP1 can bind to p53 and
then regulates p53 transcriptional activity on P21 pro-
moters.19 Furthermore, TP53INP1 induces G1 arrest and
increases p53-mediated apoptosis, which could influence cell

F I G U R E 2 MiR-205-5p promoted lung cancer cell progression. (a) qRT-PCR showed that miR-205-5p was upregulated in miR-205-5p-treated A549
cells. (b) MTT assay illustrated that miR-205-5p promoted A549 cell proliferation. (c) qRT-PCR showed that miR-205-5p was overexpressed in miRNA
-treated H1975 cells. (d) miR-205-5p promoted H1975 cell proliferation. (e, f) CCK8 assay showed that miR-205-5p overexpression promoted A549 and
H1975 cell proliferation, respectively. (g, h) miR-205-5p promoted the metastasis of A549 and H1975 cells, respectively. (I, j) miR-205-5p does not increase
theA549 and H1975 cell apoptosis, respectively. Data expressed as mean � SD for triplicate experiments. *p < 0.05, **p < 0.01; Student’s t-test
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cycle progression by regulating cyclin D1 and RB1.20,21 As
TP53INP1 is a downstream target of miR-205-5p, it can
regulate the expression of TP53INP1-related genes, such
as RB1, P21, and cyclin D1. The results of the present
study showed that overexpression of miR-205-5p
inhibited the expression of RB1 and P21, but increased
that of cyclinD1. ASO-205 upregulated the expression of
RB1 and P21 but decreased that of cyclinD1 (Figure 5a,b).
Therefore, miR-205-5p could regulate the expression of
TP53INP1 and its related genes, which may be related to
the oncogenic role of miR-205-5p in promoting lung can-
cer progression.

miR-205-5p promoted lung cancer growth in
xenograts

To further study the roles of miR-205-5p in lung cancer
in vivo, A549 cells treated with miR-205-5p or control were
hypodermically injected to produce xenografts into nude
mice as previously described.15 Every 2 days, the volumes of
the xenografts and the weights of mice were measured. The
mice were sacrificed at 1 month after treatment. MiR-
205-5p could promote tumor proliferation both in weights
and volumes compared with control groups (Figure 6a–c).
As expected, miR-205-5p was overexpressed but TP53INP1

F I G U R E 3 ASO-205-5p prevented lung cancer cell progression. (a) qRT-PCR analysis. ASO-205 inhibitor suppressed miR-205-5p levels in A549 cells.
(b) MTT assay. ASO-205 suppressed A549 cell proliferation. (c) qRT-PCR analysis. miR-205-5p was decreased in ASO-205-treated H1975 cells. (d) MTT
assay. ASO-205 suppressed H1975 cell proliferation. (e,f) CCK8 assay. ASO-205-5p suppressed A549 and H1975 cell growth, respectively. (g, h) ASO-205
suppressed the metastasis of A549 and H1975 cells, respectively. (i, j) ASO-205 increased the number of apoptotic A549 and H1975 cells, respectively. Data
expressed as mean � SD for triplicate experiments. **p < 0.01; Student’s t-test
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was reduced in miR-205-5p-treated xenografts compared
with the control groups (Figure 6d,e). However, miR-205-5p
inhibitor suppressed tumor proliferation in weights and vol-
umes (Figure 6f–h). MiR-205-5p also decreased and
TP53INP1 increased in ASO-205-treated xenografts com-
pared with the control groups (Figure 6i,j). The results dem-
onstrate that miR-205-5p plays an oncogenic role in lung
cancer growth in vivo.

Higher levels of miR-205-5p in serum of
patients with lung cancer

MiRNAs are frequently dysregulated in lung cancer, and
they could be novel diagnostic and prognostic biomarkers
for treatment of lung cancer.2 A total of 75 patients with

lung cancer and 62 normal controls were recruited into
the present study to investigate the role of miR-205-5p in
lung cancer diagnosis. The demographic and clinicopath-
ological characteristics of the participants are presented
in Table 1. No significant differences in gender
(p = 0.816), age (p = 0.691), smoking history (p = 0.067),
alcohol history (p = 0.197), and histology (p = 0.080)
were found between patients with lung cancer and healthy
controls.

Because the case number of SCLC is small (n = 9), this
study focused on NSCLC. The results showed that the serum
miR-205-5p levels examined in patients with NSCLC
(n = 66), including 42 lung adenocarcinoma (LUAD) and
24 lung squamous cell carcinoma (LUSC), were markedly
higher than those in healthy controls (n = 62) (p < 0.01;
Figure 7a and Table 2.).

F I G U R E 4 TP53INP1 is a novel target of miR-205. (a) Diagram of the miR-205-5p putative binding sites alignment with TP53INP1-UTR. (b) MiR-
205-5p reduced luciferase levels in pc-luci-TP53INP1-UTR-treated A549 cells. (c) ASO-205 raised luciferase levels in pc-luci-TP53INP1-UTR-treated A549
cells. (d) Mutant miRNA could not affect luciferase levels in pc-luci-TP53INP1-UTR-treated A549 cells. (e–g) MiR-205-5p decreased, ASO-205 increased,
and mutant miRNA has no effect on luciferase expression in pc-luci-TP53INP1-UTR-treated H1975 cells, respectively. (h, i) Immunoblotting analysis and
relative TP53INP1/GAPDH ratio. MiR-205-5p decreased TP53INP1 levels. Data expressed as mean � SD for triplicate experiments. **p < 0.01; Student’s
t-test or ANOVA
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Risk factors and clinical value of serum
miR-205-5p in NSCLC

The association between serum miR-205-5p levels and the
clinicopathological characteristics of patients with NSCLC
was analyzed to evaluate the risk factors and the clinical
value of miR-205. MiR-205-5p levels were significantly
higher in male patients than in female patients (median
3.479 vs. 2.033, p = 0.045). The serum miR-205-5p level in
patients with NSCLC who smoke was significantly higher
than that in patients who are nonsmokers (median 5.419
vs. 2.157, p = 0.036). The serum miR-205-5p level in
patients with lung cancer who drink alcohol was signifi-
cantly higher than that in nonalcoholic patients (median
6.183 vs. 2.155, p = 0.047). However, the results showed no
significant association between miR-205-5p and age
(p = 0.361), pathological type (p = 0.131), and TNM stage
(p = 0.364), as shown in Table 2.

Serum miR-205-5p levels is a potential
diagnostic marker for NSCLC

ROC curve analysis was performed to evaluate the diagnos-
tic power of serum miR-205-5p in discriminating patients
with lung cancer from healthy controls. According to the
ROC curve analysis, the cut-off value was defined as 1.498,
with the highest specificity and sensitivity. The results
showed that serum miR-205-5p levels may be a valuable bio-
marker for NSCLC patients with an area under the ROC
curve (AUC) of 0.8250 (95% confidence interval [CI]
0.7364–0.9137; Figure 7b). To further analyze the roles of
serum miR-205-5p levels in the analysis of early and
advanced NSCLC by TNM stage, the results showed that the
AUC of serum miR-205-5p level for patients with NSCLC at
early stage (I + II) and advanced stage (III + IV) are 0.8141

(95% CI 0.6543–0.9739; Figure 7c) and 0.8045 (95% CI
0.6858–0.9231; Figure 7d), respectively.

DISCUSSION

Thus far, lung cancer has not been treated as a uniform spe-
cific treatment regimen because the pathogenesis has not yet
been completely elucidated.22 Accumulating evidence has
broadened the awareness of the mechanisms of tumor and
treatment methods.23,24 Cancer-related miRNAs play
important roles in lung cancer occurrence and development.
The expression of miRNAs is useful to classify human can-
cers, distinguish tumor subtypes, and correlate with progno-
sis. In the present study, the miR-205-5p levels in lung
cancer tissues increased. MiR-205-5p promoted lung cancer
cell proliferation and metastasis by negatively regulating a
novel target TP53INP1, which further affected the expres-
sion of P21, RB1, and cyclin D1 (Figure 7e). A high level of
serum miR-205-5p is also a valuable biomarker for patients
with lung cancer.

MiR-205-5p is related to various tumors, such as endo-
metrial cancer, urinary bladder cancer, prostate cancer, gas-
tric cancer, breast cancer, lung cancer, and colon
cancer.25–29 However, the roles of miR-205-5p in cancer
remain controversial. The miR-205-5p levels in endometrial
cancer tissues and cell lines increased compared with those
in controls. MiR-205-5p could affect the progression of
endometrial cancer by regulating PTEN expression.25 In a
study of urinary bladder and prostate cancer, miR-205-5p
was upregulated in these cancer samples, and it was used to
differentiate benign prostatic hyperplasia from malignant
cases.26 The miR-205-5p levels in breast cancer stem cells
also increased, which regulated the tumorigenic properties
of breast cancer cells. MiR-205-5p knock-down in breast
cancer suppressed tumor proliferation and metastasis.27

F I G U R E 5 miR-205-5p regulated the expression of TP53INP1-related proteins. (a, b) Immunoblotting analysis. miR-205-5p downregulated RB1 and
p21 but upregulated cyclin D1 expression, while ASO-205 increased RB1 and p21 but reduced cyclin D1 levels in A549 and H1975 cells, respectively
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However, Zhang et al. demonstrated that miR-205-5p expres-
sion was low in gastric cancer cells and miR-205-5p
upregulation significantly impaired cancer cell proliferation.
Xenografts of gastric cancer revealed that miR-205-5p inhibited
tumor proliferation by suppressing neovascularization.28

MiR-205-5p played oncogenic or tumor-suppressive
roles in the tumorigenesis of human cancers.17 In the pre-
sent study, further investigation of the roles of miR-205-5p
in lung cancer through miRNA datasets from GEO and
TCGA showed that miR-205-5p in NSCLC tissues increased
compared with that in control tissue. These results were
supported by previous studies11,30 that showed that miR-205
was upregulated in NSCLC tissues. These data verified the
oncogenic roles of miR-205-5p in the tumorigenesis of
NSCLC.

Growing evidence shows that miR-205-5p has a
potential for diagnosis of lung cancer.11,31,32 Significantly
higher miR-205-5p levels were observed in the serum of
patients with NSCLC compared with the control group.11

A study of serum exosomal miRNAs demonstrated that
miR-205-5p was more abundant in serum exosomes from
patients with NSCLC.31 Upregulation of miR-205-5p also
increased the risk of lung cancer and the diagnostic AUC
accuracy of miR-205-5p for NSCLC was 0.825, indicating
that it may be a promising biomarker for the early diag-
nosis of lung cancer.32 In this study, the efficacy of
miR-205-5p in the diagnosis of lung cancer was esti-
mated. The levels of serum miR-205-5p were found to be
significantly increased in patients with lung cancer com-
pared with those in normal controls, and a high level of

F I G U R E 6 miR-205-5p regulated cell proliferation in vivo. (a–c) Analysis of miR-205-5p-treated-xenograft tumors in vivo (n = 5). Quantitative data of
tumor weight (b) and dynamically detected volume change (c) of xenografts were increased in miR-205-5p-treated xenografts. Data were expressed as median
(interquartile range), **p < 0.01; Mann–Whitney U. (d, e) miR-205-5p levels were increased by qRT-PCR analysis and TP53INP1 protein was reduced by
immunoblotting in miR-205-5p-treated-xenografts, respectively. Data expressed as mean � SD for triplicate experiments. **p < 0.01. (f–h) Quantitative data
of tumor weight (g) was reduced and dynamically detected volume was inhibited (h) in ASO-205-treated-xenograft tumors in vivo (n = 5). Data were
expressed as median (interquartile range), ** p < 0.01; Mann–Whitney U. (i, j) miR-205-5p levels were decreased by qRT-PCR analysis and TP53INP1 was
upregulated in ASO-205-treated xenografts, respectively. Data expressed as mean � SD for triplicate experiments. **p < 0.01
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miR-205-5p expression was correlated with male gender
and alcohol history. Subgroup analyses further showed
that the expression of serum miR-205 in LUAD, LUSC,

and SCLC was significantly higher than in normal con-
trols. These results indicate that miR-205 may be a diag-
nostic indicator of lung cancer.

T A B L E 1 The demographic and clinicopathological characteristics of patients with lung cancer and healthy controls

Patients/n (%) Controls/n (%) (%) Test Statisticsvalue. p value

Total 75 62

Gender

Male 39 (52.0) 31 (50.0) χ 2 = 0.054 0.816

Female 36 (48.0) 31 (50.0)

Age (mean � SD, years) 61.99 � 9.91 62.68 � 10.17 t = 0.398 0.691

Smoking history

Yes 25 (33.3) 12 (19.4) χ 2 = 3.364 0.067

No 50 (66.7) 50 (80.6)

Alcohol history

Yes 13 (17.3) 6 (9.7) χ 2 = 1.665 0.197

No 62 (82.7) 56 (90.3)

Pathological type

Adenocarcinomas 42 (56.0)

Squamous cell carcinomas 24 (32.0)

Small-cell lung cancer 9 (12.0)

F I G U R E 7 miR-205-5p levels in the serum of patients with lung cancer. (a) The levels of miR-205-5p increased in serum between patients with lung
adenocarcinoma and lung squamous cell carcinoma compared with healthy controls. ** p < 0.001, Kruskal-Wallis H test. (b) The receiver operating
characteristic (ROC) curve of serum miR-205-5p was analyzed in patients with non-small-cell lung cancer (NSCLC). (c, d) The ROC curve of serum miR-
205-5p was estimated in early and advanced TNM stage NSCLC patients, respectively. (e) Proposed model by which miR-205-5p regulates lung cancer cell
proliferation by TP53INP1-related genes
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MiRNAs maintain cell homeostasis by negatively regu-
lating their relative gene.16 The targets of miR-205-5p were
predicted by Targetscan, and the results suggest that the 30-
UTR of tumor suppressor TP53INP1 is a target of miR-
205-5p. Luciferase reporter assays and immunoblotting fur-
ther proved that miR-205-5p could negatively regulate
TP53INP1 expression, indicating that TP53INP1 is a novel
target of miR-205-5p.

TP53INP1 is a tumor suppressor gene, and its over-
expression leads to cell cycle arrest (G1 phase) and
p53-dependent or independent apoptosis.33 TP53INP1
interacts with p53 and two kinases, homeodomain-
interacting protein kinase-2 and protein kinase Cδ.
TP53INP1 also resulted in decreased P21 levels in p53
wide-type cell lines.34 In addition, p53 could further reg-
ulate cyclin D1,20 which activated CDK4/CDK6 to influ-
ence cell cycle by RB1.21 Thus, the RB1, P21, and cyclin
D1 levels in miR-205-5p-treated lung cancer cells were
analyzed in the present study, and the results showed
that miR-205-5p could decrease the expression of
TP53INP1, RB1, and P21 and increase that of cyclin D1,
indicating that the function of miR-205 in lung cancer is
related to regulating TP53INP1, RB1, P21, and
cyclin D1.

In summary, this study demonstrated that miR-205-5p
could promote lung cancer cell proliferation and migration
by downregulating TP53INP1-related genes. The findings
also indicate that the serum levels of miR-205-5p are useful
in the diagnosis of patients with lung cancer.
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