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Metallothionein 1M (MT1M) inhibits lung adenocarcinoma cell
viability, migration, and expression of cell mobility-related proteins
through MDM2/p53/MT1M signaling
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Background: Metallothionein 1M (MT1M) functions to regulate cell proliferation and cancer metastasis.
This study assessed the effects of MT1M overexpression and mouse double minute 2 homolog (MDM?2)
knockdown on the regulation of non-small cell lung cancer A549 cell viability, migration, and protein
expression in vitro and explored the underlying molecular events.

Methods: A549 cells were stably infected with lentivirus carrying MT1M ¢DNA or transiently transfected
MDM2 siRNA and/or treated with the p53 inhibitor for the assessment of changes in cell viability, wound
healing, Transwell migration, and qRT-PCR and Western blot assays. Luciferase reporter assay was
performed to investigate p53 binding to the MT1M promoter.

Results: The data showed that MT1M overexpression inhibited A549 cell viability and migration capacity
in vitro, whereas the p53 inhibitor reversed the inhibition of A549 cell viability and migration caused by
MTIM overexpression as well as the expression of MMP2, MMP9, and MMP14. Furthermore, knockdown
of MDM2, an upstream inhibitor of p53 activity, was able to reduce A549 cell viability, migration, and
protein expression. Thus, MDM2 knockdown had synergistic effects with MT1M overexpression on the
suppression of A549 cell viability, migration, and protein expression.

Conclusions: In conclusion, MDM2 can bind to and phosphorylate p53 protein to inactivate the protein,

thereby reducing MT 1M expression and leading to tumor cell proliferation and migration.
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Introduction majority of lung cancer patients are diagnosed at advanced

L - stages of the disease, making curable tumor surger
Lung cancer is still the most significant health problem g ’ g gery

in the world, accounting for an estimated 11.6% of the impossible. Non-surgical treatment of non-small cell lung

17 million new cancer cases and 18.4% of the 9.5 million
cancer deaths in 2018 globally (1). In China, lung cancer
is also the most frequently diagnosed malignancy and was
the leading cause of cancer death in 2015 (2). To date, the
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cancer includes chemoradiation therapy and the recently
discovered immune and targeting therapy (1,3-5). The
latter treatment option can effectively control lung cancer
progression and prolong the survival of patients (6,7). Thus,
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further efforts to identify novel targets and lung cancer
pathogenesis could lead to better control of lung cancer
clinically.

To this end, metallothionein (MT) 1M belongs to
a family of cysteine-rich, low molecular mass proteins
localized on the membrane of the Golgi apparatus (6-8) and
is involved in metalloregulatory processes. For example,
MTs can regulate the cancer cell life cycle, including
proliferation and dissemination, due to their high affinity
to binding metals such as Zinc and Copper as well as heavy
metals (Cadmium) to protect cells from metal toxicity (9-14).
Thus, MTs play a role in cancer development and
progression (15,16). The metallothionein 1M (MT1M)
functions and underlying molecular mechanisms have been
studied in various human cancers. For example, methylation
of the MT1M promoter occurs in hepatocellular carcinoma
(HCC) (17) and MT1M inhibition is associated with poor
HCC prognosis (18). However, MT1M overexpression
inhibits HCC cell viability and induces the cells to undergo
apoptosis iz vitro and in nude mouse xenograft (19,20).
In papillary thyroid cancer tissues, MT1M expression is
reduced (21). MT1IM overexpression inhibits papillary
thyroid cancer cell proliferation, colony formation,
migration, and invasion (21). However, there have only
been a few studies on MT1M in lung cancer. A recent study
showed that high DNA methylation, including MT1M,
is inversely associated with lung squamous cell carcinoma
(SCC), idiopathic pulmonary fibrosis, and poorer SCC
prognosis vs. low DNA methylation, indicating that
MTIM has an opposite effect in lung SCC compared with
its effect in HCC and thyroid cancer (22). Furthermore,
our unpublished study on the mRNA array dataset for
interstitial lung disease (GSE81292) revealed that MTIM
expression is downregulated in lung cancer.

In this study, we investigated the effects of MT1M
overexpression and mouse double minute 2 homolog
(MDM2) knockdown on the regulation of non-small
cell lung cancer A549 cell viability, migration, and gene
expression in vitro and then explored the underlying
molecular events. We first stably infected A549 cells with
lentivirus carrying MT1M c¢DNA or transiently transfected
MDM?2 siRNA into the cells and then treated them with
a p53 inhibitor. Afterward, we assessed the changes in cell
viability, wound healing, and Transwell migration and used
a Luciferase reporter assay to evaluate p53 binding to the
MTIM promoter. We expect the results to provide novel
information regarding MT1M in the regulation of lung
cancer cell malignant behaviors to aid in a future strategy
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for targeting therapy for lung cancer.

Methods
Cell line and culture

A human NSCLC A549 cell line was originally purchased
from American Type Culture Collection (Manassas, VA,
USA) and cryopreserved in our laboratory. In this study,
A549 cells were cultured in an F-12K medium (AT CC)
supplemented with 10% fetal bovine serum (FBS; Gibco,
Grand Island, NY, USA) in a humidified incubator with 5%
CO, at 37 °C.

Construction of MT1M expression plasmids, lentivirus
production, MDM?2 shRNA, and cell infection

In this study, we constructed a vector carrying the MT1IM
coding sequences using the pLVX-puro plasmid (Youbio,
Changsha, China) according to the manufacturer’s cloning
protocols. After DNA sequencing confirmation, the vector
carrying MT1IM coding sequences and the vector-only
control were used to transfect HEK-293T cells for lentivirus
production. Afterward, A549 cells were grown and infected
with these lentiviruses at a multiplicity of infection of 20 in
8 pg/mL polybrene (Sigma, St. Louis, MO, USA) for 48 h
and then observed under an inverted microscope (Olympus,
Tokyo, Japan). Next, the cell culture medium was replaced
with medium containing 1.0 pg/mL puromycin to establish
a stable cell population. Meanwhile, a set of infected cells
was treated with the p53 inhibitor (Selleck, Shanghai,
China) at a final concentration of 10 pM or transiently
transfected with MDM?2 siRNA using Lipofectamine 2000
Transfection Reagent (Thermo, Waltham, MA USA) for
48 h according to the manufacturer’s instructions then
subjected to different analyses (see below for details).
The MDM?2 siRNA with the targeting sequences of
5'-UUUAUAAUCACAUUUAUGCUA-3" was synthesized
and obtained from GenePharma (Shanghai, China).
The negative control siRNA was also purchased from
GenePharma.

Reverse transcription and real-time quantitative PCR
(RT-qPCR)

Total cellular RNA was isolated from cells using the TRIzol
reagent (GENEray, Shanghai, China) according to the

manufacturer’s instructions and the concentrations of the
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RNA samples were determined using NanoDrop (Thermo).
Next, the samples were reverse-transcribed using a cDNA
GENEray kit (GENEray, Shanghai, China) according to
the manufacturer’s protocol. Afterward, QPCR was amplified
using the cDNA samples with the Geneseed® qPCR SYBR®
Green Master Mix (TaKaRa, Dalian, China) in an ABI
7500 machine (ABI, Foster city, CA, USA) according to the
manufacturer’s instructions. The qPCR conditions were
set to an initial 95 °C for 5 min, followed by 40 cycles of
95 °C for 10 s and 60 °C for 60 s. The primers used were
MT1M, 5'-GCAAGTGCAAAGAGTGCAAATG-3',
and 5'-CTGCAGTTCTCCAACGTCC-3" (which
generates a 118-bp qPCR product); MDM2,
5'-ACGACAAAGAAAACGCCACA-3" and
5'-GTAACTTGATATACACCAGCATCAA-3'
(to obtain a 162-bp product); and P-actin,
5'-AACTGGGACGACATGGAGAAAA-3", and
5'-GGATAGCACAGCCTGGATAGCA-3' (to obtain a
192-bp qPCR product). The relative value of MT1M and
MDM?2 mRNA expression was compared to the internal
control of B-actin and expressed as 2°“““” (Ct and Cc were
the mean threshold cycle differences after normalizing to
B-actin).

Western blot

The cultured cells were lysed with the sodium dodecyl
sulfate (SDS) lysis buffer (Beyotime, Shanghai, China) on
ice for 10 min and centrifuged at 4 °C for 15 min at the
maximal speed. The supernatants were collected into new
Eppendorf tubes for assessment of the concentration using
the enhanced bicinchoninic acid (BCA) protein assay kit
(Beyotime) and denaturalized in a water bath at 100 °C
for 5 min. Equal amounts of the protein samples were
separated in sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) gels and transferred onto
polyvinylidene difluoride membranes (Millipore, Billerica,
MA, USA) followed by Western blotting. The membranes
were incubated with anti-MDM?2 (Abcam, Cambridge, MA,
USA), anti-MT1M (Abbexa, Cambridge, UK), anti-p53
(Abcam), anti-phosphorylated p53 (Abcam), anti-MMP14
(Abcam), anti-MMP9 (Santa Cruz Biotechnology, Santa
Cruz, CA, USA), anti-MMP2 (Abcam) or anti-B-actin
(MultiScience, Hangzhou, Zhejiang, China) antibody and
then with the corresponding secondary antibodies according
to the manufacturer’s Western blot protocols. The relative
protein levels were detected with a peroxide LumiGLO
reagent (Cell Signaling Technology, Danvers, MA, USA)
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and quantified according to the ratio of the gray value to
the corresponding B-actin levels. The experiments were
repeated three times independently.

Co-immunoprecipitation (Co-1P)-Western blot

Cells were first lysed using the cell lysis buffer (Beyotime)
and protein concentration was measured using the
Enhanced BCA Protein Assay Kit (Beyotime). One
milligram of each protein sample was incubated with anti-
MDM2 antibody (Abcam) at 4 °C overnight. On the next
day, the antibody-cell lysis mixture was incubated with
Dynabeads™ M-280 Tosylactivated (Thermo) at 4 °C for
4 h and the precipitated protein samples were separated
and washed through centrifugation. The collected protein
samples were subjected to Western blot with anti-MDM?2
or anti-p53 antibody.

Cell viability cell-counting kit 8§ (CCK-8) assay

After exposure to various treatments and growth conditions,
cells were re-seeded into 96-well plates with 2,000 cells
per well in 100 pL. culture medium and each condition was
quadrupled. The cells were grown for up to 24-96 h and
at the end of each experiment, the cell culture medium was
supplemented with 10 pL. CCK8 solution (MultiScience).
The cells were further grown for 1 h and the optical
density (OD) value was measured using a microplate reader
(Microdevices, San Jose, CA, USA) at 450 nm. The cell
viability rate was summarized as the mean = SD (n=4). The
experiments were repeated at least three times.

Wound-bealing assay

After exposure to various treatments and growth conditions,
cells were re-seeded into six-well culture plates in triplicate
and cultured overnight to reach approximately 90-95%
confluency. Wounds were made across the cell culture
monolayer using a 200-pL pipette tip and the cell debris
was washed with ice-cold phosphate buffered saline (PBS).
The cells were further cultured at 37 °C for 24 h. The
wound healing distance was measured immediately (0 h)
and 24 h after the scratch was made using photos taken
under an inverted microscope (Olympus). The percentage
of the scratch remaining was calculated as: (measurement at
24 h/measurement at 0 h) x100% and the percentage of
wound closure was calculated as: 100% — percentage of
wound remaining as mean + SD.
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Migration assay

After exposure to various treatments and growth conditions,
the cells were suspended in F-12K medium without FBS
supplementation and seeded into the upper chamber of
Millicell hanging cell culture inserts (Merck Millipore,
Darmstadt, Germany). A complete culture medium
containing 20% FBS was added to the lower chambers of
the 24-well culture plate and the cells were cultured for 24 h.
The cells that migrated into the other side of the filters were
fixed with 70% methanol and stained with 0.5% crystal
violet solution. The images of the migrated cells from five
randomly selected fields (x200) were photographed under
an inverted microscope (Olympus) and counted. The data
were expressed as mean = SD (n=3).

Bioinformatic analysis of MT1M-related genes and
Luciferase reporter assay

"To explore the MT1M protein signaling, we first performed
% online tools (http://
jaspar.genereg.net/) and found that p53 could regulate
MTIM expression through p53 binding to the MTIM
promoter region (see Figure ST).

bioinformatic analysis using Jaspar

MT1M promoter sequences with a length of 2,000 bp
(see supplementary material) were PCR-amplified
and subcloned into the pGL3-Basic vector using the
ClonExpress II One Step Cloning Kit (Vazyme Biotech,
Nanjing, China) and designated as the pGL3-MTI1M
vector. The pGL3-MT1M mutant vector was constructed
using the Express MultiS Fast Mutagenesis Kit V2 (Vazyme
Biotech) and the mutated sites are presented in the
Supplemental material.

To further assess the p53-regulating M'T1M expression,
we constructed luciferase reporter plasmids using wild type
or mutated MTIM promoter and performed the luciferase
reporter assay. Briefly, HEK-293T cells were plated into a
24-well plate and grown overnight. The cells were co-transfected
with 0.2 pg of the pGL3-MT1M promoter or pGL3 vector only
along with 1 pg of p53 expression vector or a negative control
using Lipofectamine 2000 for 48 h. Afterward, the cells were
harvested and the luciferase activity was assayed using a dual
luciferase assay system (Promega, Madison, W1, USA). Each
transfection was performed in triplicate.

Statistical analysis

The data were summarized as mean + SD and statistically
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analyzed with the Student’s #-test for comparison between
two groups. P<0.05 was considered statistically significant.

Results

MTIM overexpression inhibits AS49 viability and
migration

Previous studies reported reduced MT1M expression
in thyroid cancer and HCC (19,21,23). Our analysis of
differentially expressed mRINA array data (GSE81292) also
showed lost MT1M expression in lung adenocarcinoma
(LUAD). Thus, in this study, we selected a LUAD A549 cell
line to assess the role of MT1M in the regulation of non-
small cell lung cancer cell malignant behaviors in vitro. We
overexpressed MT1M protein in A549 cells using lentivirus
carrying MT1IM coding sequences (Figure 14,B) and our
cell viability assay showed that A549 cell viability was
significantly reduced compared to the vector-only control
(NC)-infected cells (Figure 1C). Our wound healing and
Transwell cell migration assays revealed that the migration
ability of A549 cells after MT1M overexpression was
attenuated (Figure 1D,E). Furthermore, the expression of
cell migration-related proteins, including MMP2, MMP9,
and MMP14, assayed using Western blot was significantly
decreased after M'T1M overexpression (Figure 1F). Taken
together, MT1M overexpression inhibited A549 cell
viability and dissemination, indicating that M'T'1M could be
a tumor suppressor or at least possess anti-tumor activity in
non-small cell lung cancer.

p53 inbibition reverses the effects of MT1M
overexpression-inhibited A549 cell viability and migration

Next, we explored the underlying molecular events of
MTIM anti-lung cancer cell activity through bioinformatic
analysis and found that p53 could regulate MT1IM
expression through p53 binding to the MT1M promoter
region. We thus constructed luciferase reporter plasmids
using wild type and mutated MT1M promoters and assessed
the changes in luciferase activity in HEK-293 cells. Our
data showed that luciferase activity dramatically increased in
p53 and MTIM promoter co-transfected cells (Figure 2A),
indicating that p53 was able to bind to the MTIM promoter
to upregulate MT1M expression.

Next, we treated A549 parental and MT1M-
overexpressed cells with a p53 inhibitor. Our Western

blot data showed that blockage of the p53 activity reduced

Transl Cancer Res 2020;9(4):2710-2720 | http://dx.doi.org/10.21037/tcr.2020.02.61


http://jaspar.genereg.net/
http://jaspar.genereg.net/

2714 Xu et al. MT1M regulation of NSCLC cell growth and migration

A 8 B §®
o + o 5
o < &
0=6 100 102 ¥ 184
G = :
TE
o 2
0
NC  Ad-MTM
C D

Ad-MT1M

-
*
*
*

-

Rate of prolification (OD)
o o
=l
— |

24
0{‘%0«\@ Od‘heo&\‘“ O‘J‘"ecf\\\& (}l‘eo&\@
S & R R
Pl Rl R
1 day' 2 day‘ 3 day' 4 day'
*
o 50
£
T 40
E <
CK NC Ad-MT1M ©30{ T
>
o 20
=
s 10
Q
2o "
o CK NC Ad-MT1M
9250 F \g\s
§200 Pt & O @
K%
‘$150 L 100 104 069
5100 MMP2 m 1
S 50 100 111 058
§ 0 MMPO e . e
K N Ad-MT1M 1.00 1.05 0.80
¢ © MMP14 ———

Bactin "

Figure 1 Effect of MT1M overexpression on the inhibition of A549 cell viability and migration. (A) qRT-PCR. A549 cells were grown and
stably infected with lentivirus carrying MT1M coding sequences (Ad-MT1M) or the corresponding empty vector (NC) and then subjected
to qRT-PCR. CK, untreated cells. ***P<0.001 using the Student’s t-test. (B) Western blot. A549 cells were grown and stably infected with
Ad-MT1M or NC and then subjected to Western blot. CK, untreated cells, and the number is quantified data vs. that of B-actin. (C) Cell
viability assay. A549 cells were grown and stably infected with Ad-MT1M or NC and then subjected to cell viability assay. CK, untreated
cells. **P<0.01 and ***P<0.001 using the Student’s z-test. (D) Wound healing assay. A549 cells were grown and stably infected with Ad-
MTIM or NC and then subjected to wound healing assays. 100x. *P<0.05 using the Student’s -test. (E) Transwell migration assay. A549
cells were grown and stably infected with Ad-MT1M or NC and then subjected to Transwell migration assays. 100x. **P<0.01 using the
Student’s t-test. (F) Western blot. A549 cells were grown and stably infected with Ad-MT1M or NC and then subjected to Western blot.
CK, untreated cells, and the number is quantified data vs. that of p-actin. MT1M, metallothionein 1M.
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Figure 2 Effect of p53 inhibition on reversal of MT1M expression-mediated A549 cell viability and migration. (A) Luciferase reporter assay.
HEK-293T cells were plated into a 24-well plate and grown overnight then co-transfected with 0.2 pg of pGL3-MT'1M promoter or pGL3 vector
only and 1 pg of p53 expression vector or its negative control using Lipofectamine 2000 for 48 h. The cells were subjected to protein extraction
and luciferase reporter assay. *P<0.05 using the Student’s t-test. (B) Western blot. A549 cells were grown and stably infected with lentivirus carrying
MTIM coding sequences (Ad-MT1M) or the corresponding empty vector (NC) and then treated with the p53 inhibitor (10 pM) and subjected to
Western blot. The number is quantified data vs. that of B-actin. (C) Cell viability assay. The duplicated cells were subjected to cell viability assays.
*P<0.05 and ***P<0.001 using the Student’ 7-test. (D) Wound healing assay. The same treated cells were subjected to wound healing assays. 100x.
*P<0.05 and **P<0.01 using the Student’s #-test. (E) Transwell migration assay. The duplicated cells after infection and treatment were subjected
to Transwell migration assays. 100x. *P<0.05 using the Student’ t-test. (F) Western blot. A549 cells were grown and stably infected with lentivirus
carrying MTIM coding sequences (Ad-MT1M) or the corresponding empty vector (NC) and then treated with the p53 inhibitor (10 pM) and
subjected to Western blot. The number is quantified data vs. that of B-actin. MT1M, metallothionein 1M.
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MTIM expression (Figure 2B), whereas p53 did not affect
lentivirus-induced M'T1M overexpression (Figure 2B),
indicating that p53 can upregulate MT1M expression in
A549 cells. Moreover, cell viability and migration assays
revealed that the p53 inhibitor was able to mitigate the
inhibitory effects of MT1IM on A549 cell viability and
migration capacity (Figure 2C,D,E). In addition, the
expression of cell mobility-related proteins like MMP2,
MMP9, and MMP14 also partially recovered after
treatment with the p53 inhibitor (Figure 2F).

Knockdown of MDM?2 expression reduces A549 cell
viability and migration

Thus far, we have demonstrated that MT1M anti-tumor
activity in non-small cell lung cancer A549 cells in vitro is
modulated by p53 activity. We next knocked down MDM?2
expression using the MDM?2 siRNA to inhibit p53 in cells
because MDM2 can downregulate p53 (24) and found
reduced levels of MDM2 mRNA and protein in A549
cells (Figure 3). The anti-MDM2 antibody was also able
to precipitate p53 in A549 cell lysates (Figure 4A), further
providing evidence of their interaction and regulation. Our
cell viability and migration assay showed that after MDM?2
knockdown, the viability and migration capacity of A549
cells were significantly slower than those of control cells
(Figure 3C,D,E). These data suggest that MDM?2 plays a
role in the reduction of A549 cell viability and dissemination
n vitro.

MDM?2 knockdown synergizes with the inbibitory effect of
MTIM overexpression on A549 cells

We next assessed whether MDM2 knockdown can synergize
with the inhibitory effect of MT1M overexpression on
A549 cells. The MDM2 siRNA was able to knockdown
MDM2 expression and reduce MT1M expression in A549
cells (Figure 4B), indicating that MDM?2 regulated MT1M
expression. We then assessed the cell viability and migration
as well as protein expression and found that MDM2
knockdown synergizes with the inhibitory effect of MT1M
overexpression on A549 cell viability and migration as well
as protein expression (Figure 4B,C,D,E).

Discussion

In this study, we assessed MDM2-p53-MT1M signaling
in the regulation of NSCLC A549 cell viability, migration,
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and gene expression. Our data revealed that MTIM
overexpression was able to reduce A549 cell viability and
migration capacity iz vitro, and the p53 inhibitor reversed
these effects on A549 cells. Furthermore, knockdown of
MDM2 expression using MDM?2 siRINA vs. the negative
control siRNA also reduced A549 cell viability, migration,
and protein expression. Thus, MDM2 knockdown had
synergistic effects with MT1M overexpression on the
suppression of A549 cell viability, migration, and protein
expression. Overall, our current study indicates that MDM2
binding to and phosphorylation of p53 protein inactivates
the protein to reduce MT1M expression, resulting in A549
cell proliferation and migration.

Indeed, MTs play an important role in the regulation
of gene transcription factors. Altered MT expression and
functions could lead to the malignant transformation of
cells and cancer development (25). However, a previous
study showed the differential expression of MTs in various
cancers, i.e., upregulation in breast, colon, kidney, liver,
melanoma, lung, nasopharynx, ovary, prostate, mouth,
salivary gland, testes, thyroid, and urinary bladder cancers,
but downregulation in HCC and liver adenocarcinoma
(26,27). Another study showed that higher levels of M'T
expression contributed to chemotherapy resistance (28). In
our current study, we revealed that MT1M possessed anti-
LUAD activity in vitro, which contrasts with the behavior in
lung SCC but is consistent with previous studies on HCC,
papillary thyroid cancer, and breast cancer (21,29). Thus,
further study is needed to confirm MTIM anti-LUAD
activity iz vitro and in vivo, although our unpublished
analysis of the online microarray data (the GSE81292
dataset) showed reduced MT1M expression in LUADs.

Furthermore, p53 is a tumor suppressor protein in a
variety of human cancers, including lung cancer (30). p53 is
an important transcription factor that regulates cell activity
by manipulating downstream protein expression. p53 activity
and levels are tightly regulated in multiple ways, including
phosphorylation, acetylation, and ubiquitination (31).
p53 functions to regulate the expression of targeting
proteins involved in the control of DNA repair, cell cycle
progression, apoptosis, and genome stability. For example,
p53 expression is maintained at a proper level in normal
cells, but is upregulated to determine DNA repair or
apoptosis in stressed cells (32). Moreover, MDM2 can
bind to p53 protein and inactivate p53 functions and
actions by transporting the protein from the nucleus to
the cytosol. MDM?2 can also act as an ubiquitin ligase to
degrade p53 protein (32). In addition, when p53 expression
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Figure 3 Effect of MDM2 knockdown on inhibition of A549 cell viability and migration. (A) qRT-PCR. A549 cells were grown and transiently
transfected with MDM2 or negative control siRINA for 48 h and then subjected to qRT-PCR. CK, untreated cells. ***P<0.001 using the Student’s
t-test. (B) Western blot. A549 cells were grown and transiently transfected with MDM?2 or negative control siRNA for 48 h and then subjected
to Western blot. CK, untreated cells, and the number is quantified data vs. that of B-actin. (C) Cell viability assay. The same treated cells were
subjected to a cell viability assay. **P<0.01 and ***P<0.001 using the Student’s #-test. (D) Wound healing assay. The same treated cells were
subjected to wound healing assays. 100x. *P<0.05 using the Student’s #-test. (E) Transwell migration assay. A549 cells were grown and transiently

transfected with MDM2 or negative control siRNA for 48 h and then subjected to Transwell migration assays. 100x. ***P<0.001 using the Student’s
t-test. MDM2, mouse double minute 2 homolog.

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2020;9(4):2710-2720 | http://dx.doi.org/10.21037/tcr.2020.02.61



2718 Xu et al. MT1M regulation of NSCLC cell growth and migration

A B \S\S
P o
Input  19G Anti-MDM2 sV & o&x
%0 .\x‘ ¥ N

S Aol

WB-MDM2 . e 1.00 0.57 0.95 0.31
MDM2 i . -

1.00 2.16 2.49 2.76

WEPS3 | s - MTIM - o o0 W

1.00 Q.77 0.53 0.44
MMP2 . - e

C 1.00 0.73 0.86 0.64
MMPO S o - -
1.00 0.67 0.89 0.35
MMPTE - -
Bactin  —-_G— - —
si-MDM2 Ad-MT1M si-MDM2 + Ad-MT1M
N
o
0h g
(o)}
£
=
[
<
e}
C
3
24h =
o
o
[
o
E NC (siRNA) si-MDM2
ke]
°
@ 1500
8 *
Ne w5 100 [E
& 50
€
Z o0 3
E S F
Ad-MT1M > b"‘ @‘7} X
L SO
ROA
B\

£

Figure 4 Effect of MDM2 knockdown in synergy with MT1M overexpression on inhibition of A549 cell viability and migration. (A) Co-
immunoprecipitation and Western blotting. A549 cells were grown and immunoprecipitated with and-MDM?2 antibody and then subjected to
Western blot analysis with p53 and MDM?2 antibodies. (B) Western blot. A549 cells were grown and stably infected with Ad-MT1M) or the
corresponding empty vector (NC) then transiently transfected with MDM?2 or negative control siRNA (NC) for 48 h and subjected to Western
blot. The number is quantified data vs. that of B-actin. (C) Cell viability assay. The same treated A549 cells from (B) were subjected to cell viability
assays. ***P<0.001 using the Student’s #-test. (D) Wound healing assay. The same treated A549 cells from (B) were subjected to wound healing
assays. 100x. *P<0.05, **P<0.01, and ***P<0.001 using the Student’s #-test. (E) Transwell migration assay. The same treated A549 cells from (B)
were subjected to Transwell migration assays. 100x. *P<0.05, **P<0.01, and ***P<0.001 using the Student’ t-test. MDM2, mouse double minute 2
homolog; MT1M, metallothionein 1M.
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is upregulated, MDM2 expression is also upregulated,
which leads to a negative feedback loop to tightly control
p53 level in the cells (33). Thus, during periods of cell
stress, p53 protein could determine the cells that survive or
undergo apoptosis (34). Our current study revealed a novel
MDM2-p53 regulation of MT1M expression in A549 cells
to inhibit MT1M expression and subsequently suppress
MTIM antitumor activity in vitro. However, a previous
study of p53 and MT in the apoptosis of shrimp hemocytes
in response to hypoxia showed that apoptosis in normoxia
was significantly higher in p53-and MT-knocked down
animals compared to the level in the negative controls,
indicating that high mRNA levels of p53 and MT may
not be necessary for the hypoxia response (35). Another
previous study demonstrated a direct association of p53 and
M5, but indicated that wild type p53 might be a negative
regulator of M'T-3 expression in breast cancer cells (36).

However, our current study is just a proof-of-principle
and more studies are needed to confirm the role of MDM2-
p53-MTI1IM in the regulation of the fate and survival of
patients with LUAD.

Conclusions

In the current study, we investigated the effects of MT1M,
p53, and MDM2 on the regulation of A549 cell malignant
behaviors in vitro. The results showed that both MTM1
and p53 were able to inhibit A549 cell proliferation and
migration, whereas MDM?2 had the opposite effect. Future
study will confirm the targeting of this novel signaling
pathway in the control of LUAD.
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Supplementary

MT1M promoter and its mutant sequence cloned into pGL3-Basic vector

MT1M promoter-wild:

AGCATAGGGGATATTTAT TTAT TTGCACATAAAGGCCTGGAGTGCTCAGCTGTGTATCCTGTTATCCTCA
TCTACCGCATGAGCATGTGTCCTGTGGTCTAAAGAGAGCCATTCAGTGTCCCCACAAAATTGTTATCAACA
CTAGGGTTATAAAGCTATGAGGAAGATTCTGTGCTTCATGTCAGATACAGAAGAATGACTGCCATTTCTGT
TACCACCTGCACCATCCCTTAGTTAATAT TTTACCTTGAAATGATCAATACTTCTTAAACATAT TTTTATGAAA
AGCAAATTATTTTCCACCTGAGAAAATGAAATCCAATCTTGTCTTACACATGGAAGATAGCCCCCAAATTAAT
GTGTGTGTGTGTGTGTGTGTATTACACTTATGGATTACTTTTGCCACTGCCCATCAGAGAGCTGGTAGC
TTCCTGTTGTTTATTTGAGGGTTTTTGGTTGTTTTTGTTTGTTGAGACAGAGTTTTACCCCTGTCAGC
CAGCTGGAGTACAATGGCCCAATCTGCCACCTCTGCCTCCCGGGTTCAAACGATTTTCCTGCCCAAGCCT
CCCCAGTAGCTGGGATTACAGGCAACTGCCACCATGCCAGGATAATTTTTGTAT TTTTAGTGGAGACAGG
GTTTCGCCATGTTAGCCAGGCTGGTCTCCAACTCCTGACCTCAGGTGATTCATCCGCCTCGGCCTTCGT
AAGTGCTGGGATTACAGGTGTGGGCCGCGGTGCCCTTCCCCTGTTGTTTAGAAGATTTCCAGCAATAGA
GAAGTGCTGACGACATATCTGGACCAAAGGAAGGCTTGATCATGGACACTTTCCTTTAAGAGGCTGGCTG
GACTTAAACAAGGGCACAAATTTTTAGCTCTGTGACGACCAGCCAGTTACTTGGACATTTCCTTTGTAGT
CCTGTGATGAGCAAAACGGGTTCATAACTAGTATTTCCCTTTAGGAT TGCTGTGAGGAT TCAAAGAATGAA
AGAGATTAAAAAGGGACTGGTGTAGACTCAATGTCATGCAATAGTCAGGTATACTGAAGAGAAACAACTGCA
TGTCTTGTTTTTTAATTTTATTAT TTTAGAGATGCTGACTTGCTATGTGGACTAGGCAGAACTCGAACTCC
TGGGCTCAGGTGATCCTCCCGCCTCAGCCTCCTAAGTAGCTGGGACTACAGCTTCCCGCGACCTCACCC
ATCTTGCTTTTTAATTTAAAGCAGAGTCTGCATATCATCTGAAGTCATCTCTCTTTGGGGACATCCCACAG
GTCCAGAACTGCCAGACGGTAGTGGGGTGGCCGGCTAGGCTGTGGGGAGCATGGAGATTTATCTGCAAA
GGAGGACCTGGACAAATGTTCCCCCACATCCTCTCAGGCGAAGAGAATGGACGGGAGAGAGAGGCCGACC
AGTGTTCCCCGTGTTGCTGTGTACGGAGGAGCCAGTCCGAGGGACCGCGGTGTGGACAGGGACAGGCA
AGGCGGGGAAGGAGGAGAAACGAAAGCCACATTGGTGGCGGGTGCTCTGCACACGACTCGCTCCCTACC
ACACGCCCCCCGCTCCGCACACGACCGATCCGGGGACTGGAGCAGGAGGGCTGCACCGGGACTCCGGGA
CAGGCCCAGTTGAAAACGGCGGGGCGAGGGGGTGGGGTGGAGACGCCCGCGACGCCAAGGCTGGGGTC
CCGGAAAGCGCGGGGAGGAGGGTGGAAGGCAAAGGCAACTTCGGGGAAACTGGGAAAGGCGGCCGGGA
CCTCGGGGACACTGCGTACCACCCGGCGCACAGCCCCTCCCGCGCAAACCCGAGCCAAAGGGGCGGTCG
AGCGGCGCACTCGGAGCGGAGCTCAGGGGATGGTGCGCCCGGCACTTATGCTGGGCTCAGCCCAGCCC
AGCCCAGGACCGCTGGCGGTGCGAACCCAGCCGGGCGGGETGCAAGCGCGGGGCAGGGCCTCTGCGCCC
GGCCCCCTCCCCTGAGTAGAAAAGCAGCCGCAGGCTGTGGCGCTCCA

In mutant vector, “AC” highlighted were mutant to “T'G”.

—>-2000 —>-1500 —>-1000 ‘ —>-500 —> TSS

MT1M promotor I LUCI I

ACAGGGACAGGCAAG

Figure S1 Diagram for p53-MT1M promoter.
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