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ABSTRACT: The purpose of this study was to identify the correlation between MiR-647 and insulin like growth factor
2(IGF2) in non-small cell lung cancer (NSCLC) and their effect on cell proliferation and apoptosis. In the study, A549
cell line was selected as NSCLC cell. The pcDNA3.1-CMV-MiR-647-EGFP and the pcDNA3.1-CMV-IGF2-mCherry were
designed for the overexpression of MiR-647 and IGF2 respectively; while the pAAV-mCherry-shRNA-MiR-647 and the
pAAV-EGFP-shRNA-IGF2 were respectively for MiR-647 and IGF2 knockdown in cisplatin-treated A549 cell line. Ki-67
and caspase-3 were performed to reflect cell proliferation and apoptosis in cisplatin-treated A549 cells. According to
the results, MiR-647 enhanced apoptosis and cell death of cisplatin-treated NSCLC cells in vitro;, and in the cells after
cisplatin treatment and MiR-647 overexpression, a significant decrease of IGF2 expression was presented. Furthermore,
by plasmid transfection in cisplatin-treated A549 cells, we found that IGF2 silence and MiR-647 overexpression could
synergistically promote cell apoptosis and stop NSCLC cell growth. In conclusion, MiR-647 and IGF2 have opposite
effect on NSCLC cell proliferation and apoptosis; that is, MiR-647 can improve NSCLC cell apoptosis via down-regulating
IGF2 expression.
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INTRODUCTION
Lung cancer, especially non-small cell lung cancer
(NSCLC), has been proved to be one of the leading
causes for human death worldwide. NSCLC is a typical
cell type of lung cancer, and pathologically accounts
for 85% of all the lung cancer types [1]. Thanks
for early diagnosis and early therapy of NSCLC via
high-sensitive image, biopsy, and cytological examina-
tion, we now are able to apply chemotherapy drugs
to treat NSCLC, thus avoiding surgery, postoperative
complications, and bad adaptation of patients after
surgery [2–4]. However, the 5-year or 10-year survival
rate of NSCLC patients treated with chemotherapy
drugs is still poor. Many NSCLC cannot be inhibited
well because of unexpected proliferation and abnormal
invasive pattern, which make physicians confuse and
struggle [5]. As the growth and the apoptosis charac-
teristics is closely related to NSCLC patient’s prognosis
after chemotherapy, more researches are required to
explore the growth mechanism of NSCLC cells after
chemotherapy.

MicroRNAs (miRNAs) are important non-coding
small RNAs involved in many biological processes,
especially gene expression inhibition. Such inhibition
can be achieved by the binding of miRNAs to the 3′-
untranslated region (UTR) of regulated mRNAs and,
therefore, negatively regulating the expression level of
target genes [6–8]. Many cancer-related researches
have focused on various miRNAs as they are correlated
with the growth and the apoptosis of multiple cancers
by down-regulating target gene to a certain expression
level [9–11]. Among these miRNAs, MiR-647 has been

confirmed to inhibit cancer growth and invasion and
serve as a useful biomarker for prognosis prediction in
many kinds of cancers including gastric cancer, ovarian
cancer, as well as NSCLC [12, 13]. Overexpression
of MiR-647 has a positive correlation with a better
prognosis in these cancers. Nonetheless, whether MiR-
647 still has any function in NSCLC cell treated with
chemotherapy drugs is unknown. This question is
important because if MiR-647 has a similar inhibiting
effect on cancer cells treated with chemotherapy drugs,
MiR-647 can be further used as a biomarker for detect-
ing the prognosis of chemotherapy treated patients.

miRNAs usually regulate the expression of down-
stream target genes. Hence, genes regulated by MiR-
647 should be further detected for better understand-
ing the mechanism of its function. According to ex-
isting studies, some genes have close relation with
the function of MiR-647, such as focal adhesion kinase
(FAK), insulin like growth factor 2 (IGF2), nuclear factor
I/X (NFIX), matrix metallopeptidase 12 (MMP12), and
TNF receptor associated factor 2 (TRAF2) [13]. These
genes have been reported in gastric cancer and NSCLC
without treatment of chemotherapy drugs [14, 15].
Therefore, they were selected as candidates to ex-
plore their correlation with MiR-647 in chemotherapy-
treated NSCLC in the present study.

MATERIALS AND METHODS

NSCLC cell line culture and grouping

Typical NSCLC cell line, called A549 cell line
(86012804) and derived from human lung carcinoma,
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was purchased from Merck KGaA (Darmstadt, Ger-
many) and maintained in Dulbecco’s Modified Eagle
Medium (DMEM/F12) (Merck KGaA) containing 10%
fetal bovine serum (Thermo Fisher Scientific, Mas-
sachusetts, USA) in cell incubator at 37 °C under 5%
CO2. After 3 days of culture, the cells were used for
subsequent experiments. As for grouping, the cultured
cells were divided generally into two parts. The first
part was used to observe the changes of cell num-
ber and cell proliferation after treatment of cisplatin
(PHR1624, Sigma-Aldrich, MO, USA) or/and MiR-647.
The cells were divided into three groups: untreated
group, cisplatin group, and cisplatin+MiR-647 overex-
pression group with three dishes per group. The sec-
ond part was used to explore the correlation between
MiR-647 and IGF2 in A549 cells and their effect on cell
proliferation and apoptosis. The cultured cells were
divided into four groups, namely, MiR-647+++ group
(MiR-647 overexpression), sh-MiR-647 group (MiR-
647 silence), MiR-647+++/IGF2+++ group (MiR-
647 overexpression + IGF2 overexpression), and MiR-
647+++/sh-IGF2 group (MiR-647 overexpression +
IGF2 silence) with three dishes per group.

Plasmid construction and transfection

pcDNA3.1-CMV-MiR-647-EGFP and pcDNA3.1-CMV-
IGF2-mCherry were designed for MiR-647 and IGF2
overexpression in cisplatin-treated A549 cell line, re-
spectively, while pAAV-mCherry-shRNA-MiR-647 and
pAAV-EGFP-shRNA-IGF2 were for MiR-647 and IGF2
silence, respectively. These plasmids were transfected
into cultured A549 cells by Lipofectamine 2000 follow-
ing the cell grouping in the previous section, and the
treated cells were collected 30 h after transfection.

Candidate gene selection and amplification in
A549 cells after MiR-647 overexpression

To understand the mechanism of MiR-647 in A549
cell proliferation and apoptosis, we selected some
candidate genes after MiR-647 overexpression in A549
cells through literature retrieval. Our selected candi-
dates all had some pathological correlation with MiR-
647 in cancer growth and development, showing up-
regulation or down-regulation in A549 cells after MiR-
647 treatment and resulting in invasion and metastasis
of cancer cells. The selected candidate genes were
FAK, IGF2, NFIX, MMP12, and TRAF2. Subsequently
these candidate genes were amplified via qPCR after
performing RNA extraction by RiboPure™ RNA Iso-
lation Kit (AM1924, Thermo Fisher Scientific) and
cDNA synthesis by TaqMan™ Advanced miRNA cDNA
Synthesis Kit (A28007, Thermo Fisher Scientific). The
primer information was shown in Table S1. Through
the amplification, we evaluated their relative expres-
sion level in A549 cells with MiR-647 overexpression,
thus confirming the downstream targets which might
be regulated by MiR-647 to affect A549 cell growth and

proliferation.

A549 cell proliferation evaluation

The proliferation ability of cultured A549 cells was
evaluated with the following specific steps. We first
imaged the cultured cell under differential interfer-
ence microscope and observed the cell status includ-
ing morphology, tangling, survival status etc. Then
the proliferative cells were labeled with immunofluo-
rescence staining of Ki-67 with anti-Ki-67 (ab16667,
Abcam, Cambridge, USA) and Goat polyclonal Sec-
ondary Antibody to Rabbit IgG - H&L (Alexa Fluor®
488, Cambridge, MA, USA) in vitro. Both microscopic
images and Ki-67 staining images were quantified via
averaging the positive cells from 10 high power fields
(40×).

A549 cell apoptosis evaluation

Next we evaluated the apoptosis status of A549
cells. Specifically, anti-caspase3 (ab32150, Abcam)
immunofluorescence staining was performed to label
the apoptosis cells with Goat polyclonal Secondary
Antibody to Rabbit IgG - H&L (Alexa Fluor® 594).
After that, the positive cells from 10 high power fields
(40×) were averaged for quantitative evaluation.

RESULTS

Proliferation and apoptosis of A549 cells treated
with cisplatin

Cisplatin treated A549 cells presented a significant
decrease of cell number, as shown in the differential
interference microscope image, the Ki-67 staining, and
the quantitative statistics (Fig. 1A-B). Such decrease
illustrated that cisplatin was effective in NSCLC cell
in vitro. On the contrary, caspase-3-labeled images
showed more apoptotic cells in the cisplatin reated
group than the untreated group, reflecting bad pro-
liferation of cisplatin-treated NSCLC cells (Fig. 1C).
Hence, cisplatin was able to inhibit cell growth and
proliferation of NSCLC cell in vitro, and this drug could
be applied for our further experiments.

Proliferation and apoptosis of cisplatin
treated-A549 cells with or without MiR-647
overexpression

After exposure to cisplatin, the A549 cells were trans-
fected with plasmids to overexpress MiR-647 in the
cells, and cell proliferation and apoptosis abilities
were detected again. The results demonstrated that
the cisplatin-treated NSCLC cells became sparser after
overexpressing MiR-647 and had less Ki-67 labeling
cells than the non-treated cells (Fig. 2A-B). Besides,
these A549 cells with MiR-647 overexpression showed
more apoptosis and cell death (Fig. 2C). Collectively,
MiR-647 was able to enhance NSCLC cell apoptosis and
cell death in vitro after cisplatin treatment.
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Fig. 1 Proliferation and apoptosis of A549 cells treated and untreated with cisplatin, and average number of positive cells in
each group. DIC image, (A); Ki-67 labeling, (B); caspase-3 labeling, (C). ∗∗∗ p < 0.001. Scale bar: 50 µm. DIC, differential
interference microscope.

Fig. 2 Proliferation and apoptosis of cisplatin-treated A549 cells with or without MiR-647 overexpression and average number
of positive cells in each group. DIC image, (A); Ki-67 labeling, (B); caspase-3 labeling, (C). ∗∗∗ p < 0.001. Scale bar: 50 µm.
DIC, differential interference microscope.
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Fig. 3 Amplification of MiR-647-regulated candidate genes in A549 cell with MiR-647 overexpression. Unteated A549
cells, (A); cisplatin-treated A549 cells, (B); cisplatin-treated A549 cells with MiR-647 overexpression, (C).

Fig. 4 Correlation between MiR-647 and IGF2 in cisplatin-treated A549 cells and their effect on cell proliferation and apoptosis
and their quantitative statistics. DIC image, Ki-67 labeling, and caspase-3 labeling of cisplatin-treated A549 cells with MiR-
647 overexpression, (A); cisplatin-treated A549 cells with MiR-647 knockdown, (B); cisplatin-treated A549 cells with MiR-
647 overexpression and IGF2 overpexression, (C); and cisplatin-treated A549 cells with MiR-647 overexpression and IGF2
knockdown, (D), ∗ p < 0.05, ∗∗ p < 0.01. Scale bar: 50 µm. DIC, differential interference microscope.
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MiR-647-regulated candidate gene amplification in
A549 cell with MiR-647 overexpression

There were no significant changes in the expression
levels of the candidate genes in both the untreated
and the cisplatin groups. (Fig. 3A-B). However, af-
ter overexpressing MiR-647 (red bar in Fig. 3C) in
cisplatin-treated A549 cells, IGF2 expression (orange
bar in Fig. 3C) exhibited a significant decrease, while
little changes were observed in the other four. Accord-
ing to this test, we detected IGF2 as the downstream
target gene, which was possibly regulated by MiR-647
directly to affect the proliferation and apoptosis in
cisplatin-treated NSCLC cells in vitro.

Correlation between MiR-647 and IGF2 and their
effect on proliferation and apoptosis of
cisplatin-treated A549 cells

In cisplatin-treated A549 cells, MiR-647 overexpres-
sion could inhibit cell proliferation and improve cell
apoptosis (Fig. 4A), while MiR-647 knock down had
the total opposite phenotype (Fig. 4B). However, af-
ter overexpressing IGF2 in cisplatin-treated A549 cell
with MiR-647 overexpression, NSCLC cell had more
growth trend and less cell death (Fig. 4C), suggesting
the increase of IGF2 expression caused the reduction
in the inhibitory effect of MiR-647 on NSCLC cell
proliferation. On the contrary, IGF2 knockdown could
synergistically enhance cell apoptosis and stop NSCLC
cell growth with MiR-647 overexpression (Fig. 4D). In
conclusion, MiR-647 and IGF2 had opposite effects on
NSCLC cell proliferation and apoptosis, i.e., MiR-647
improved NSCLC cell apoptosis via down-regulating
IGF2 expression.

DISCUSSION

MiR-647 has been regarded as a biomarker for some
cancers including gastric cancer, prostate cancer, and
ovarian cancer because of its tight correlation with re-
currence, invasion, and metastases of these tumors [7].
In NSCLC, MiR-647 could induce cell apoptosis and
inhibit cell proliferation despite few relative reports
[16, 17]. Our study focused on the function of MiR-
647 in cisplatin-treated NSCLC cells. We aimed to
find a predictive biomarker for NSCLC patients treated
with chemotherapy in order to provide better therapy
strategies to them.

MiR-647 was proved to have not only the capacity
to inhibit NSCLC cell growth and invasion in cell
experiments but also a positive correlation with good
clinical prognosis. Additionally, it showed positive
effect on cell apoptosis in cisplatin treated-NSCLC cells.
With overexpressing MiR-647, apoptosis and cell death
presented in cultured NSCLC cells increased, indicat-
ing MiR-647 could enhance NSCLC cell apoptosis and
cell death in cisplatin-treated cells. This result is of
great clinical significance because it predicts that we

may further use MiR-647 as an effective prognostic
biomarker for patients after chemotherapy.

We further studied the mechanism of MiR-647 in
maintaining its function in NSCLC cell apoptosis and
narrowed down to a gene called IGF2. A marked
decrease of IGF2 expression was identified after over-
expressing MiR-647 while the other candidates had
very small changes. As a result, we confirmed that MiR-
647 could improve NSCLC cell apoptosis via down-
regulating IGF2 expression. IGF2, a kind of peptide
associated with mitosis, can be expressed widely in the
body. This gene has a tight relation with cell prolifer-
ation and differentiation especially during embryonic
stage. IGF2 had been found to improve embryonic
development; it presents in a decrease level after birth
and maintains a low serum level in adults [18–20].
Growing number of reports demonstrated that a high
serum level of IGF2 often occurs in various cancers;
such as liver cancer, breast cancer, colon carcinoma,
and ovarian cancer, and has a negative correlation with
patients’ clinical prognosis [21, 22]. It has also been re-
ported that IGF2 could up-regulate tumor proliferation
and cancer development, indicating its contribution
to bad prognosis [23]. Our study clarified IGF2 as a
downstream target of MiR-647, which reasonably ex-
plained why MiR-647 could inhibit NSCLC cell growth.

CONCLUSION

In this study, we illustrated the correlation between
MiR-647 and IGF2 in cisplatin-treated NSCLC cells. We
also found that MiR-647 could improve NSCLC cell
apoptosis via down-regulating IGF2 expression in vitro.
This result had great clinical significance for MiR-647
being a potentially effective prognostic biomarker for
patients after chemotherapy.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found at http://dx.doi.org/10.2306/scienceasia1513-1874.
2022.099.
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Appendix A. Supplementary data

Table S1 Primer information for qPCR.

Gene Primer (5′→ 3′)

MiR-647 F: GUGGCUGCACUCACUUCCUUC
R: CTCAACTGGTGTCGTGGA

FAK F: GGATTCGGTCACACTGGCTACTACGGAG
R: CATATCAACCCCACACATCTGGCGCA

IGF2 F: GAGCCAGCTGCCCCA
R: CGGAGGGGCTCAG

NFIX F: GTCTAAACTTTCACTTTCAC
R: AGGCCGGAGGAGCCGAGCCGG

MMP12 F: TGCAGGCCACTGCTTCTGGAGCTC
R: AAGTTTCTTCTAATACTGCTCC

TRAF2 F: GAAACCAGCTTCCCTCGGAGGCT
R: TTCCCCTGGGGACAGCACCA

β-actin F: CTACGTCGCCCTGGACTTCGAGC
R: GATGGAGCCGCCGATCCACACGG

U6 F: TGCGGGTGCTCGCTTCGGCAGC
R: CCAGTGCAGGGTCCGAGGT
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