Am J Transl Res 2015;7(11):2519-2526
www.ajtr.org /ISSN:1943-8141/AJTR0017069

Original Article
miR-873 induces lung adenocarcinoma cell
proliferation and migration by targeting SRCIN1
Yushun Gao, Qi Xue, Dali Wang, Minjun Du, Yanjiao Zhang, Shugeng Gao
Department of Thoracic Surgical Oncology, Cancer Institute (Hospital), Chinese Academy of Medical Sciences,
Peking Union Medical College, Beijing 100021, China
Received September 29, 2015; Accepted November 4, 2015; Epub November 15, 2015; Published November 30,
2015
Abstract: microRNAs (miRNAs) are endogenously expressed, conserved and small noncoding RNA that regulate
gene expression by the post-transcriptional level. In this study, we aim to examine the role of miR-873 in lung adenocarcinoma. We found that the expression of miR-873 was upregulated in four lung adenocarcinoma cell lines and
tissues. In addition, the expression levels of SRCIN1 were inversely correlated with the expression levels of miR-873
in lung adenocarcinoma tissues. Furthermore, SRCIN1 was confirmed asthe direct target of miR-873 by luciferase
reporter assay and Western blotting. Overexpression of miR-873 promoted the proliferation and migration of lung
adenocarcinoma cells, while SRCIN1 upregulation inhibited their proliferation and migration. Restoration of SRCIN1
could significantly reverse the proliferation and migration promotion imposed by miR-873. In summary, this study
reveals for the first time that miR-873 increase the lung adenocarcinoma cell proliferation and migration through
directly inhibiting SRCIN1 expression.
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Introduction
Lung cancer is one of the leading types of cancer-related mortality worldwide, responsible for
nearly 1.4 million deaths each year [1-4].
Among all types of lung cancers, non-small cell
lung cancer (NSCLC) makes up the majority
(about 80%) of lung cancer patients [5-7]. The
predominant type of NSCLC is lung adenocarcinoma [8-10]. It is very difficult for early diagnosis of NSCLC with the majority patients diagnosed at the advanced stage [11-15]. Therefore,
the underlying molecular mechanisms of lung
adenocarcinoma mignt provide novel markers
for the lung adenocarcinoma diagnosed.
MicroRNAs (miRNAs) are small (21-25 nucleotides), non-coding endogenous RNAs that posttranscriptionally regulate the expression messenger RNAs (mRNAs) [16-20]. MiRNAs play
crucial roles in complicated cell processes
including cell differentiation, development,
metabolism, invasion, proliferation, stress,
migration and other processes [21, 22].
Accumulated studies have shown that deregulated expression of miRNAs is observed in
many human cancers such as gastric cancer,
oesophageal cancer, ovarian cancer, Ewing’s

sarcoma, gallbladder cancer and cutaneous
lymphomas [18, 21, 23-27]. Furthermore, miRNAs may be identified as biomarkers for diagnosis and treatment in cancers.
In the present study, the expression of miR-873
was upregulated while the expression of SRCIN1
was downregulated in four lung adenocarcinoma cell lines and tissues. Moreover, the expression level of SRCIN1 was inversely correlated
with the expression level of miR-873 in lung
adenocarcinoma tissues. Furthermore, SRCIN1
was a direct target of miR-873. Overexpression
of miR-873 promoted the lung adenocarcinoma
cell proliferation and migration, while SRCIN1
upregulation inhibited the lung adenocarcinoma cell proliferation and migration. Restoration
of SRCIN1 significantly reversed the proliferation and migration promotion induced by miR873. These results suggest that regulation of
SRCIN1 by miR-873 may be a potential therapeutic target for lung adenocarcinoma patients.
Material and methods
Patients and cell lines and cell transfection
Thirty lung adenocarcinoma and matched nontumor tissues were collected from our Depart-
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Figure 1. The expression of SRCIN1 was downregulated and miR-873 expression was upregulated in lung adenocarcinoma cell lines. A. The expression of SRCIN1 in four lung adenocarcinoma cell lines (H23, H1299, A549 and
SPC-A1) and one lung adenocarcinoma sample and adjacent nonneoplastic tissue was examined by qRT-PCR. B.
The expression of miR-873 in four lung adenocarcinoma cell lines (H23, H1299, A549 and SPC-A1) and one lung
adenocarcinoma sample and adjacent nonneoplastic tissue was examined by qRT-PCR.

Figure 2. The expression of SRCIN1 was downregulated and miR-873 expression was upregulated in lung adenocarcinoma. A. The expression of SRCIN was detected by qRT-PCR. B. The expression of SRCIN1 was down-regulated
in 23 cases (23/30, 77%) in comparison with the adjacent tissues. C. The expression of miR-873 was detected by
qRT-PCR. D. The expression of miR-873 was up-regulated in 22 cases (22/30, 73%) in comparison with the adjacent
tissues.

ment. The samples were then stored in liquid
nitrogen. Human lung adenocarcinoma cell
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lines (H23, H1299, A549 and SPC-A1) were collected from the Cell bank of the Chinese
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to Renilla luciferase activity.
Cell proliferation and migration
CCK8 (Dojindo, Kumamoto, Japan) was used
to measure the cell proliferation. Cells were seeded
in 96 cell plates and
cultured for 0 h, 24 h,
48 h and 72 h respectively. The 450 nm absorbance was read on a
microplate reader. For
migration assay, woundFigure 3. The expression of SRCIN1 was inversely correlated with the expression
healing was performed. An
of miR-873 in lung adenocarcinoma tissues.
artificial wound was performed using 200-ll pipeAcademy of Medical Sciences (Beijing, China),
tte tip and mitomyclin C was added to cells.
and were cultured in RPMI 1640 medium.
Images of migrated cells were taken on a
miRNA mimic and scramble were obtained from
phase-contrast microscope.
Ribobio (Guangzhou, China). Transfection was
done using the Lipofectamine 2000 (Invitrogen,
Western blots
Carlsbad, CA, USA) following to the manufacturer’s description.
Proteins were isolated and detected by using
the BCA kit (Thermo Scientific, Rockford, IL).
Quantitative RT-PCR
Proteins was separated by 12% SDS-PAGE and
then transferred to membranes (PVDF,
Total RNA was extracted from tissues or cells
Millipore, and Danvers, MA). Membranes were
by using TRIzol. The expression levels of miRprobed with antibodies: SRCIN1 or GAPDH (Cell
873 were quantified by qRT-PCR using TaqMan
Signaling Technology, Danvers, MA). GAPDH
microRNA assays (Applied Biosystems) on a
were used for the loading control.
LightCycler 480 System II (Roche). The expression of SRCIN1 was measured using SYBRGreen
Statistical analysis
assays. SRCIN1 primer: forward 5’-AGCCCCGACAAAAGCAAAC-3’, reverse 5’-CCAAAGGAAGTCThe statistical significance between two groups
AATACAGGGATAG-3’; GAPDH primer: forward
was performed using Student’s t-tests and
5’-ATGTCGTGGAGTCTACTGGC-3’, reverse 5’-TGAbetween more than two groups was performed
CCTTGCCCACAGCCTTG-3’. The small nuclear
using ANOVA. Data was shown as mean ± stanRNA U6 was used as control for miR-873.
dard deviation. p<0.05 was considered as staGAPDH was used as control for SRCIN1.
tistically significant.
Luciferase assays
Results
Cells were cultured at 3×105 cells/wells in 24
The expression of SRCIN1 was downregulated
cell plates. Luciferase assays were performed
while miR-873 expression was upregulated in
according to previous studies. Cells were colung adenocarcinoma cell lines
transfected with miR-873 mimic or scramble
and pGL3-SRCIN1-3’UTR, pGL3-SRCIN1-3’UTR
We showed that the expression of SRCIN1 was
Mut plasmid and phRL-SV40 control vector
(Promega, Beijing, China) by using the
downregulated in four lung adenocarcinoma
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
cell lines (H23, H1299, A549 and SPC-A1) and
USA). Relative luciferase data was normalized
one lung adenocarcinoma sample compared to
2521
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Figure 4. SRCIN1 was a direct target of miR-873. A. The predicted interactions between miR-873 and its target sites
in the SRCIN1 3’-UTR are showed. B. miR-873 overexpression inhibited the luciferase activity of the reporter gene
with the wild-type construct but not the mutant SRCIN1 3’UTR construct. C. The protein expression of SRCIN1 was
measured by western blot. ***p<0.001.

Figure 5. miR-873 promoted lung adenocarcinoma cell proliferation. A. The mRNA expression of SRCIN1 was measured by qRT-PCR. B. The protein expression of SRCIN1 was measured by western blot. C. CCK-8 was performed
to measure the cell proliferation. D. The mRNA expression of miR-873 was measured by qRT-PCR. E. CCK-8 was
performed to measure the cell proliferation. F. Restoration of SRCIN1 could significantly reverse the proliferation
promotion imposed by miR-873. *p<0.05, **p<0.01 and ***p<0.001.

in one adjacent nonneoplastic tissue (Figure
1A). However, the expression of miR-873 was
upregulated in four lung adenocarcinoma cell
lines (H23, H1299, A549 and SPC-A1) and one
lung adenocarcinoma sample compared with
that in one adjacent nonneoplastic tissue
(Figure 1B).
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The expression of SRCIN1 was downregulated
and miR-873 expression was upregulated in
lung adenocarcinoma
The expression of SRCIN1 was lower in lung
adenocarcinoma tissues compared with that in
adjacent no-tumor tissues (Figure 2A). The
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Figure 6. miR-873 promoted lung adenocarcinoma cell migration. A. Wound-healing analysis has been performed to
detect the A549 cell migration. B. Overexpression of miR-873 promoted the A549 cell migration. C. Restoration of
SRCIN1 could significantly reverse the migration promotion imposed by miR-873. ***p<0.001.

expression of SRCIN1 was downregulated in 23
cases (23/30, 77%) in comparison with the
adjacent tissues among the 30 lung adenocarcinoma samples measured (Figure 2B). The
expression of miR-873 was higher in lung adenocarcinoma tissues compared with adjacent
no-tumor tissues (Figure 2C). The expression of
miR-873 was upregulated in 22 cases (22/30,
73%) in comparison with the adjacent tissues
among the 30 lung adenocarcinoma samples
measured (Figure 2D). Moreover, the expression level of SRCIN1 was inversely correlated
with the expression level of miR-873 in lung
adenocarcinoma tissues (Figure 3).
SRCIN1 was a direct target of miR-873
The predicted interactions between miR-873
and its target sites in the SRCIN1 3’-UTR are
showed in Figure 4A. MiR-873 overexpression
inhibited the luciferase activity of the reporter
gene with the wild-type construct but not the
mutant type (Figure 4B). Overexpression of
2523

miR-873 repressed the expression of SRCIN1
in the A549 cell.
MiR-873 promoted lung adenocarcinoma cell
proliferation
The expression of SRCIN1 was increased after
treated by SRCIN1 vector (Figure 5A and 5B).
Overexpression of SRCIN1 inhibited the A549
cell proliferation (Figure 5C). The expression
level of miR-873 was increased after treated by
miR-873 mimic (Figure 5D). Overexpression of
miR-873 promoted the A549 cell proliferation
(Figure 5E). Restoration of SRCIN1 could significantly reverse the proliferation promotion
imposed by miR-873 (Figure 5F).
MiR-873 promoted lung adenocarcinoma cell
migration
Overexpression of SRCIN1 inhibited the A549
cell migration (Figure 6A). Overexpression of
miR-873 promoted the A549 cell migration
Am J Transl Res 2015;7(11):2519-2526
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(Figure 6B). Restoration of SRCIN1 could significantly reverse the migration promotion
imposed by miR-873 (Figure 5F).
Discussion
Lung adenocarcinoma carcinogenesis is a complicated process with many changes in physiological structure and gene expression [12, 13,
28]. Increasing evidences have demonstrated
that miRNA are involved in a variety of biological processes including transcriptional cell differentiation, cell regulation and carcinogenesis
[15, 29, 30]. In the present study, the expression of miR-873 was upregulated while the
expression of SRCIN1 was downregulated in
four lung adenocarcinoma cell lines and tissues. Moreover, the expression level of SRCIN1
was inversely correlated with the expression
level of miR-873 in lung adenocarcinoma tissues. Furthermore, SRCIN1 was a direct target
of miR-873. Overexpression of miR-873 promoted the lung adenocarcinoma cell proliferation and migration, while SRCIN1 inhibited its
proliferation and migration. Restoration of
SRCIN1 could significantly reverse the proliferation and migration promotion imposed by miR873. These results suggest that regulation of
SRCIN1 by miR-873 may be a potential therapeutic target for lung adenocarcinoma therapy.
Previous studies demonstrated that miR-873
was downregulated in glioblastoma and
colorectal cancer [31, 32]. For example, Wang
et al. demonstrated that miR-873 was downregulated in glioblastoma multiforme and its
overexpression inhibited the GBM cell proliferation, migration, and invasion [32]. Cui et al.
showed that miR-873 was downregulated in
breast tumor and overexpression of miR-873
inhibited the transcriptional activity of estrogen
receptor-α [33]. However, the role of miR-873 in
lung adenocarcinoma is still unknown. In our
study, the expression of miR-873 was upregulated in four lung adenocarcinoma cell lines
and tissues. Furthermore, overexpression of
miR-873 suppressed the lung adenocarcinoma
cell proliferation and migration. These results
proved that miR-873 might act as an oncogene
in lung adenocarcinoma.
SRCIN1, previously known as p140 cas-associated protein (p140CAP), contains two amino
acids, two proline-rich regions and two coiledcoil domains [34-36]. Previous studies showed
that SRCIN1 was involved in tumor develop-
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ment and progression [37, 38]. For example,
overexpression of SRCIN1 inhibited the breast
cancer cells spreading, migration and invasion
[39]. Moreover, Xu et al. showed that miR-374a
acted as an oncogene in gastric cancer by
directly inhibiting SRCIN1 [40]. In our study, the
expression of SRCIN1 was inversely correlated
with the expression of miR-873 in lung adenocarcinoma tissues. Luciferase reporter and
western blot assay demonstrated that SRCIN1
was a direct target of miR-873. Restoration of
SRCIN1 could significantly reverse the proliferation and migration promotion imposed by
miR-873.
In conclusion, this study revealed for the first
time that miR-873 increased the lung adenocarcinoma cell proliferation and migration
through directly inhibiting SRCIN1 expression.
This study also indicated a potential diagnostic
and therapeutic target for lung adenocarcinoma treatment.
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