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Effect of Mir-299-3p on the biological function of lung adenocarcinoma cell H1299
through targeting PTPRD
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Abstract

The paper aimed to investigate the effects of up-regulation and down-regulation of Mir-299-3p on the proliferation, migration,
invasion and apoptosis of lung adenocarcinoma cell line H1299, and to preliminarily explore the mechanism of Mir-299-3p
regulating the biological behavior of lung adenocarcinoma cells. Mir-299-3p inhibitor and Mir-299-3p mimics were transfected
into lung adenocarcinoma cell line H1299, and the transfection efficiency was measured by fluorescence microscopy. The
successfully transfected lung adenocarcinoma cells were detected of proliferation, migration, invasion, and apoptosis. Mir-299-3p
inhibitor and Mir-299-3p mimics were used to down-regulate and up-regulate Mir-299-3p respectively. Western blot was
employed to detect the expressions of STAT3, p-STAT3, caspase3, Bcl-2, Bax and MMP-9 proteins in lung adenocarcinoma
cells. Small interfering RNA technology was applied to construct a cell line with low expression of PTPRD. WB was used to
measure the transfection efficiency to determine whether the down-regulation of PTPRD can partially or completely reverse
the proliferation, migration, invasion, and apoptosis of lung adenocarcinoma cells after the down-regulation of Mir-299-3p.
It was also determined whether the down-regulation of PTPRD can partially or completely reverse the effect of Mir-299-3p
down-regulation on the expressions of p-STAT3, MMP-9, Cleaved-caspase3, Bcl-2 and Bax proteins in lung adenocarcinoma cells.

Down-regulation of Mir-299-3p can inhibit the proliferation and invasion of lung adenocarcinoma cell H1299, promote cell
apoptosis, inhibit the expression of p-STAT3 and MMP-9, promote the expressions of apoptosis-inducing proteins such as Bax
and Cleaved-caspase3, and also inhibit the expression of apoptosis inhibitor protein Bcl-2. The up-regulation of Mir-299-3p
worked in the opposite way.

PTPRD is the direct target gene of Mir-299-3p. Mir-299-3p may directly target PTPRD to regulate the expressions of p-STAT3,

MMP-9, Cleaved-caspase3, Bcl-2 and Bax proteins to affect the biological behavior of lung adenocarcinoma cells.
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Practical Application: Mir-299-3p on the Biological Function of H1299 Cell.

1 Introduction

At present, the high incidence and high mortality of lung
cancer have always threatened the health and lives of the
people. Research institutions around the world have conducted
epidemiological investigations into lung cancer. According to
reports, lung cancer incidence and mortality rank first among all
malignant tumors in men, and rank second in women. As we all
know, the pathogenesis of lung cancer is very complicated, and
the current research has not been able to clarify it. Therefore,
further exploration of the mechanism of lung cancer occurrence
and development will be of great significance (Bray et al., 2018;
Ferlay et al., 2019; Sun et al., 2018).

Studies have shown that miRNAs play a vital role in the
occurrence of tumors. A number of studies have confirmed
that miRNA can suppress or promote cancer in tumors. Some
miRNAs are up-regulated in one tumor and down-regulated in
another, so the same miRNA can play different roles in different
tumors. In short, a miRNA can play different roles in different
tumors, with complex mechanism (Linden et al., 2020; Arbour
& Riely, 2019).

This study detected the expressions of Mir-299-3p and
PTPRD in lung adenocarcinoma, the effect of Mir-299-3p on
the biological behavior of lung adenocarcinoma cells and its
possible mechanism, and preliminarily clarified the molecular
mechanism of Mir-299-3p targeting PTPRD, in which the
biological behavior of lung adenocarcinoma cells was affected.
It is expected to provide a new theoretical basis for early
diagnosis, targeted therapy and prognosis evaluation of lung
adenocarcinoma.

2 Methods

2.1 CCKS8 cell proliferation experiment

Pulmonary adenocarcinoma cells H1299 were obtained, and
the cells were transfected with Mir-299-3p, Mir-299-3p inhibitor
and NC respectively. After 6 h of transfection, the medium was
replaced with 1640 complete medium. The CCK8 method was
used to measure cell proliferation, and the absorbance of each
well at 450 nm was measured with a microplate reader.
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2.2 Cell scratch test

Pulmonary adenocarcinoma cells H1299 were obtained
and treated as above. Cell migration was observed at 0, 12, 24,
48, and 72 h time points.

2.3 Cell migration and invasion experiments

The lung adenocarcinoma cells H1299 were obtained, and
treated the same as above. The cell migration and invasion were
studied in the Transwell chamber.

2.4 Flow cytometry experiment

The lung adenocarcinoma cells H1299 were obtained and
treated the same as above. The apoptosis of the cells was detected
by flow cytometry.

2.5 Western blot detection

The lung adenocarcinoma cells H1299 were obtained
and treated as above. The protein sample was extracted. After
SDS-PAGE electrophoresis and membrane transfer, the expression
of each protein was detected by immunoreaction.

The cellular proteins were extracted from the Mir-299-3p
inhibitor, Mir-299-3p inhibitor + siPTPRD and NC groups
respectively, and the expression of each protein was detected
by Western blot.

2.6 Statistical analysis

SPSS20.0 was employed. The measurement data were
expressed as mean + standard deviation. A paired ¢ test was
used for quantitative data analysis. The qualitative data were
analyzed by X2 test. Spearman correlation analysis was used for
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correlation analysis. When p < 0.05, the difference is considered
to be statistically significant.

3 Result

3.1 The effect of Mir-299-3p on the proliferation ability of
H1299 cells

The results showed that, the proliferation ability of H1299
cells in the Mir-299-3p mimics, Mir-299-3p inhibitor and NC
groups had no significant difference at 0 and 24 h time points,
but the cell proliferation ability of the Mir-299-3p mimics group
was significantly higher than that of the NC group after 48 h.
The cell proliferation ability of the Mir-299-3p inhibitor group
was significantly lower than that of the NC group, indicating
that Mir-299-3p can promote the proliferation ability of lung
adenocarcinoma cells, as shown in Figure 1.

3.2 The effect of Mir-299-3p on the scratch healing ability of
H1299 cells

The results showed that, the wound healing area in H1299
cells of the Mir-299-3p mimics group was significantly larger
than that of the NC group when the scratches were healed
for 24 h, while the cell wound healing area of the Mir-299-3p
inhibitor group was significantly smaller than that of the NC
group. All differences were statistically significant, suggesting
that Mir-299-3p can promote the scratch healing ability of lung
adenocarcinoma cells, as shown in Figure 2.

3.3 The effect of Mir-299-3p on the migration and invasion
ability of H1299 cells

The results showed that, in H1299 cells, the number of
migration and invasion cells in the Mir-299-3p mimics group
was significantly higher than that in the NC group, while the
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Figure 1. The effect of Mir-299-3p on the proliferation of H1299 cells. OD: Optical density.
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Figure 2. The effect of Mir-299-3p on the scratch healing ability of H1299 cells.
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Figure 3. The effect of Mir-299-3p on the migration and invasion ability of H1299 cells.

number in the Mir-299-3p inhibitor group was significantly
lower than that in the NC group, as shown in Figure 3.

3.4 The effect of Mir-299-3p on cell apoptosis

The results showed that in H1299 cells, after 48 h of
transfection, the proportion of apoptotic cells in the Mir-299-3p
mimics group was significantly lower than that in the NC
group, while the proportion of apoptotic cells in the Mir-299-3p
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inhibitor group was significantly higher than that in the NC
group, indicating that Mir- 299-3p can inhibit the apoptosis of
lung adenocarcinoma cells, as shown in Figure 4.

3.5 The effect of Mir-299-3p on the expressions of various
proteins

The results showed that in H1299 cells, the up-regulation
of Mir-299-3p can significantly promote the expression levels
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Figure 4. The effect of Mir-299-3p on cell apoptosis.
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Figure 5. The effect of Mir-299-3p on the expressions of various proteins.
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Figure 6. The effect of down-regulating Mir-299-3p and PTPRD on
the expressions of various H1299 proteins.

of P-STAT3 and MMP-9 proteins, and the down-regulation
of Mir-299-3p can inhibit p-STAT3 Bcl-2 protein levels and
promote the expressions of apoptosis induction proteins Bax
and Cleaved-caspase3, as shown in Figure 5.

After down-regulating Mir-299-3p and then down-regulating
PTPRD, p-STAT3 protein expression levels were restored, and
the expression levels of Bax, Cleaved-caspase3, Bcl-2 and MMP-9
proteins were partially restored, as shown in Figure 6.

4 Discussion

The PTPRD gene is located on the chromosome, and the
protein encoded by this gene is a member of the protein tyrosine
phosphatase (PTP) family. PTP is a signaling molecule that
regulates a variety of cellular processes, including cell growth,
differentiation, mitotic cycle, and oncogenic transformation.
PTPRD is one of the members of the Leukocyte Common
Antigen (LAR) subfamily, which is composed of three members
in human body, namely PTPRE, PTPRD and PTPRS. They
are involved in a variety of human biological processes, such
as embryonic development, cell growth inhibition, and axon
guidance. Mutations in the LAR family are associated with
developmental defects, such as cleft palate and various cancers,
including breast, neck, lung, colon, and brain cancers. It has been
found that PTPRD plays a key role in axon guidance, synapse
formation, cell adhesion and tumor suppression (Liu et al.,
2019a, b; Iacona et al., 2019).

At present, studies have confirmed that PTPRD plays a role
in suppressing cancer carcinoma in a variety of tumors. It is found
that down-regulating the expression of PTPRD can promote the
proliferation, migration and invasion of gastric cancer cells. It
has also been found that knocking down PTPRD in breast cancer
cells can promote its clonal formation, cell migration and invasion
capabilities, and can promote the growth of tumors in the body. In
addition, PTPRD also increased the number of CD44/CD24-breast
cancer stem cells and the expression of thousand-cell markers
ALDHI and OCT4. Besides, knocking down PTPRD can promote
epithelial-mesenchymal transition of breast cancer cells. It has
been published that overexpression of PTPRD can significantly
inhibit the growth of head and neck squamous cell carcinoma.
Furthermore, through the drug sensitivity test of 220 anticancer
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drugs on 45 head and neck squamous carcinoma cell lines, it was
found that lower PTPRD expression cell lines are less sensitive to
MEK inhibitors. It was also found that overexpression of PTPRD
in acute myeloid leukemia cells can inhibit cell proliferation and
clone formation, and induce cell apoptosis, while inhibiting
the expression of PTPRD can promote cell proliferation. These
effects may be related to the down-regulation of cyclinDI,
c-myc and the up-regulation of Bax. After knocking down the
expression of PTPRD, the migration ability of breast cancer cell
MDA-MB-231 in vitro was significantly inhibited, and its lung
colonization ability in mice was also significantly inhibited,
suggesting that PTPRD plays a certain regulatory role in breast
cancer cell metastasis (Gambale et al., 2019; Acun et al., 2015;
Wu et al. 2019; Luo et al., 2018).

STAT3 belongs to a family of signal transduction and
activation transcription factors. Research has found that STAT3
plays a carcinogenic effect in a variety of malignant tumors and
is a recognized cancer-promoting gene. According to related
reports, PTPRD is likely to exert a tumor suppressor effect by
regulating the expression of STAT3. For example, after down-
regulating the expression of PTPRD, the phosphorylation of
STATS3 protein will be inhibited. It was found in breast cancer
that knocking down PTPRD can activate the STAT3 signaling
pathway. The mechanism of PTPRD in tumors may be achieved
by regulating the STAT3 signaling pathway. Overexpression of
PTPRD in head and neck squamous cell carcinoma can activate
the STAT3 signaling pathway. Deletion of PTPRD can lead to the
activation of STAT3-mediated genetic programs. Loss of PTPRD
can be determined as the cause of abnormal activation of STAT3 in
gliomas. Knockdown of PTPRD in colon cancer cells can activate
STAT3 and enhance its resistance to cetuximab, which can be
reversed by inhibiting STAT3 (Qin et al., 2019; Kim et al., 2018;
Baeetal,2019; Nietal,2019; Wuetal., 2019; Feng et al., 2019).

5 Conclusion

In conclusion, PTPRD is the direct target gene of Mir-299-3p.
Mir-299-3p may directly target PTPRD to regulate the expression
of p-STAT3, MMP-9, Cleaved-caspase3, Bcl-2 and Bax proteins
to affect the biological behavior of lung adenocarcinoma cells.
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