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Abstract

Background: The expression of vimentin as a marker of epithelial-to-mesenchymal transition (EMT) has been speculated to be as-
sociated with tissue heterogeneity and metastases of non-small cell lung cancer (NSCLC). Methods: This study utilized in vitro co-
immunoprecipitation with small interfering RNAs (siRNAs) against protein inhibitors of STAT system type 1 (PIAS1) or SMAD4
in transforming growth factor-beta (TGF-{) signaling pathway in combination with SUMOylation assay. Results: We successfully
demonstrated that PIAS1 enhanced SUMOylation of SMAD4 by forming a complex PIAS1-SUMO1-SMAD4 protein complex. This, in
accordance with subsequently increased production of vimentin microfilaments, led to enhanced migration ability of non-small cell lung
cancer (NSCLC) A549 line, observed from wound healing assay. Conclusions: Our results further supported the positive correlation of
SUMOylated SMAD4 mediated by PIAS1 and downstream overexpression of vimentin. In addition, the observation that overexpression
of vimentin in this certain cell line was not necessarily linked with accelerated relative wound closure raised concerns that further explo-
ration will be needed to confirm if the causal relationship exists between vimentin expression and the metastases of NSCLC, and if so,

to what extent vimentin contributes to it.
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1. Introduction

Lung cancer is the most common cancer globally, with
2.21 million cases in 2020 and over 1.8 million deaths from
lung cancer, making it the most common cause of cancer-
related deaths [1]. In China, the estimated age-standardized
incidence rate of lung cancer is as high as 34.8 per 100,000,
ranking the second-highest worldwide [2], to a large extent
due to the drastic increase of inhalant carcinogens (cigarette
smoking, for example) in the past few decades. Non-small
cell lung cancer (NSCLC) comprises the main histologic
types of most lung cancer, with the most common ones be-
ing lung adenocarcinoma (LUAD) and lung squamous cell
carcinoma (LUSC). When diagnosed, over half of NSCLC
cases are already in stage IV with metastasis [3]. Recent
advancement in targeted therapy transforms disease man-
agement into an actionable molecular alteration. Targeted
therapy in combination with chemotherapeutic agents in-
deed elongated the median survival (OS) of the selected pa-
tients’ group [4,5]. However, due to universally developed
resistance or the nature of lacking identifiable targets, the
OS of patients with a metastasized situation is still as low
as no more than two years [6,7].

The oncogenic process in around 20% of patients with
LUAD type of NSCLC is thought to result from muta-
tions of epithelial growth factor receptor (EGFR) [8], thus

molecules targeting tyrosine kinase (TK) of EGFR like Os-
imertinib has become a recommended treatment for pa-
tients falling into this category [9]. Since intrinsic and ac-
quired resistance against these TK inhibitors (TKI) seems
to be inevitable nonetheless [10,11], and acquisition of mes-
enchymal proteins has been associated with more advanced
stage and poorer prognosis [12], the role of epithelial-
mesenchymal transition (EMT) has thus been extensively
discussed in the treatment as well as its function in NSCLC
and other cancers [13,14]. EMT is a complex program of
trans-differentiation necessary during embryogenesis and
important for organ development. During this process, ep-
ithelial cells lose their characteristic apical-to-basal polar-
ity as well as dense adhesion between cells and approach
to more mesenchymal-like cells, gaining motility and re-
sistance to apoptosis instead [15,16]. Under precisely con-
trolled mechanical and physiological induction, appropriate
EMT is essential for early development and tissue regenera-
tion or healing in later life [17]. However, cells undergoing
inappropriate EMT could acquire the enhanced capacity to
migrate and invade, which could be disastrous in tumor de-
velopment and metastasis [14,18].

In accordance with this hypothesis, increased mes-
enchymal characteristics could be observed across multi-
ple different studies involving lung cancer cells with re-
sistance to first-line drugs such as Gefitinib and Erlotinib,
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with universally increased expression of vimentin, a typi-
cal mesenchymal marker of intermediate filament [13,19—
21]. Metabolism-inhibiting drugs with EMT-inhibiting fea-
tures are not new in the cancer treatment regimen [1]. Sev-
eral EMT transcription factors have been identified and
targeted as therapeutic candidates in cancer management
[2,3]. Emerging evidence has gradually established the
role of vimentin in the occurrence of metastasis in NSCLC,
especially in poorly differentiated large cell endocrine,
adenosquamous and sarcomatous [22-25].

SMAD4 protein is a significant transducer in trans-
forming the growth factor-beta (TGF-[3) receptor signaling
pathway; it also serves as a tumor suppressor [26,27]. Cur-
rent evidence diverges on the effect of SMAD4 in EMT,
especially those using vimentin as an indicative character-
istic of mesenchymal transition. Even though increased vi-
mentin is almost always linked with progressed EMT, mod-
ifications of SMAD4 seem to have opposite effects on the
expression level of vimentin itself [28—31]. Notably, many
of these studies exploited straightforward methods that ei-
ther silence or upregulate the expression of SMAD4. Con-
sidering its complex role as both a transcription factor and
a tumor suppressor, there is a possibility that upper stream
regulations exist to modify the effect of SMAD4 on its
downstream targets, such as vimentin.

An enzymatic cascade directed by small ubiquitin-
like modifiers (SUMO) has been shown to be important
in directing SMAD4 activity: SUMOylation of SMAD4
has been reported to stabilize SMAD4, thus enhanc-
ing/activating the TGF-$ signaling pathway and other tar-
get proteins associated with SMAD4 [32,33], but suppres-
sion has also been documented [34]. It seems that depend-
ing on the target promoter analyzed, the effect of SUMOy-
lation of SMAD4 could be either inhibitory or stimulatory.

A great portion of the target proteins of SUMOylation
can be directly recognized by at least one member of the
protein inhibitors of the STAT system (PIAS) family. Sev-
eral members of this family, such as PIASy, and PIASI,
have already been shown to interact with members of the
SMAD family to some extent; the interaction in some cases
was minimal or weak, but in certain situations was influen-
tial enough on the activity of SMAD [34-36].

In this study, we uncovered the interactions of PIAS1
with SMAD4 protein and confirmed that SUMOylation of
SMAD4 by PIASI favors the migration ability of A549
cells. We also speculate that the modification of SMAD4
further contributes to the metastasis of NSCLC partially
through upregulating the expression of vimentin and pro-
moting the process of EMT.

2. Materials and Methods
2.1 Cell Culture

NSCLC line A549 cells were maintained in an ATCC-
formulated F-12K medium supplemented with 10% fetal
bovine serum (FBS, 10099141C, Thermo Fisher, Waltham,

[liniwek, US) in a humidified atmosphere with 5% CO4
at 37 °C. A549 cell lines were identified prior to perform-
ing the following experiments, performed by GENEWIX.
Inc (Suzhou, Nanjing, China). We were commissioned
by Suzhou Jinwei Zhi Biotechnology Co., Ltd. for my-
coplasma testing, and all cell lines were tested for my-
coplasma every other week using the Promege geneprint10
mycoplasma test kit (Cat. No. B9510), and the my-
coplasma test was negative.

2.2 Plasmids

Plasmids expressing hemagglutinin-tagged PIASI
(HA-PIAS1), c-Myc-tagged SUMO1 (Myc-SUMO), and
FLAG-SMAD4 were purchased from Sino Biological. Full-
length cDNA clones of PIAS1 (1956 bp), SMAD4 (2388
bp), and SUMOI1 (306 bp) were constructed between the
Kpnl and Xbal sites on mammalian expression vector
pCMV3 separately. PIAS1 and SMAD4 siRNAs were syn-
thesized by Thermo Fisher Scientific. General transfec-
tion was conducted using Lipofectamine 3000 transfection
reagents (Invitrogen). Processes involving siRNAs were
carried out using RiboJuice siRNA transfection reagent
(Sigma Aldrich) following the instructions of the manufac-
turers.

2.3 Antibodies

The following antibodies were employed in this study:

Rabbit DYKDDDDK tag antibody (ProteinTech,
Wuhan, Hubei, China, Cat#80010-1-RR), rabbit anti-
Myec-Tag antibody (ProteinTech, Wuhan, Hubei, China,
Cat#10828-1-AP), rabbit anti-HA antibody (ProteinTech,
Wuhan, Hubei, China, Cat#51064-2-AP), rabbit anti-
PIAS1 antibody (ProteinTech, Wuhan, Hubei, China,
Cat#23395-1-AP), rabbit anti-SMAD4 antibody (Protein-
Tech, Wuhan, Hubei, China, Cat#10231-1-AP), rabbit anti-
SUMOI (ProteinTech, Wuhan, Hubei, China, Cat#10329-
1-AP), rabbit anti-S3-actin antibody (ProteinTech, Wuhan,
Hubei, China, Cat#20536-1-AP), Mouse anti-Vimentin an-
tibody (Abcam, Cambridge, UK, Cat#AB92547). Sec-
ondary antibodies for western blot were goat anti-mouse
(Abcam, Cambridge, UK, Cat#AB96879) and goat anti-
rabbit (Abcam, Cambridge, UK, Cat#AB7090).

2.4 In Vitro Immunoprecipitation

Cells were co-transfected with Myc-SUMO1, HA-
PIAS1, or FLAG-SMAD4, in the presence or absence
of PIAS1si or SMAD4si or both. At 48 hours post-
transfection, cells were collected and lysed with 1 mL of
Triton lysis buffer (150 mM NacCl, 0.2% Triton X-100, 1
mM EDTA, 10% Glycerol, 50 mM Tris-HCI pH 7.5) sup-
plemented with protease inhibitor cocktail (Sigma Aldrich,
Chengdu, Sichuan, China) and phosphatase inhibitor cock-
tail (Sigma Aldrich) at 4 °C for 15 min with gentle rocking.
Cell extracts were centrifuged at 14,000 rpm for 10 min at 4
°C. The supernatants were immunoprecipitated with ANTI-
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Fig. 1. PIAS1 enhances SMAD4 SUMOylation by forming PIAS1-SUMO1-SMAD4 multiprotein complex. (A) Cell lysates trans-
fected with vector control or a plasmid containing cDNA encoding Myc-SUMO1, FLAG-SMAD4, and HA-PIAS1, alone or in combina-
tion, were subjected to SMAD4 immunoprecipitation (FLAG IP) followed by SMAD4 or Myc immunoblotting (IB). At the same time,
10% lysates were subjected to SMAD4, PIAS1, SUMOI IB as the input, and S-actin as the input control. (B) Relative SUMOylated
SMAD4 level with vector control, infused with PIAS1, or with endogenous inhibition of PIAS1. Experiments were performed with

quadruplicates in each group, quantitative data analyses were conducted in Prism 9.0, the error bar showed standard error (SD), ANOVA

was applied, two-tailed p values were indicated as **p < 0.01, ****p < 0.0001, and Bonferroni’s correction test was conducted for

multiple comparisons.

c-MYC Affinity Gel, ANTI-FLAG M2 Affinity Gel, or
Anti-HA Affinity Matrix (Millipore Sigma, Massachusetts,
Burlington, US) with gentle rocking at 4 °C overnight. Im-
munoprecipitates were then washed three times with cold
Triton lysis buffer and were analyzed by western blotting.

2.5 Western Blot

Cell lysates prepared in Triton lysis buffer were di-
luted in Laemmli buffer (10% (w/v) glycerol, 2% sodium
dodecyl sulfate (SDS), 10% (v/v) 2-mercaptoethanol, and
62.5 mM Tris-HCI pH 6.8), boiled for 10 min, and sepa-
rated on a 10% SDS- polyacrylamide gel electrophoresis
(PDGE, Bio-Rad, Hercules, California, US) followed by
transfer onto polyvinylidene fluoride (PVDF) membranes
(Millipore Sigma). Before blocking the membrane for 1 h
with 5% non-fat milk in Tris-buffered saline with Tween
20 (TBST), membranes were briefly stained with 0.1%
Ponceau-S in 5% acetic acid to represent total protein con-
tent. Membranes were subsequently incubated overnight
with a 1:1000 dilution of appropriate primary antibodies
at 4 °C. Membranes were then incubated with peroxidase-
conjugated with secondary antibodies for 1 hour at room
temperature (RT) at a 1:250 dilution. Membranes were
washed three times with TBST for 10 min each and revealed
using ECL (GE Healthcare, Chicago, Illiniwek, US) as the
manufacturer instructed.
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2.6 Real-Time Polymerase Chain Reaction

Total RNA was extracted by TRIzol reagent (Invitro-
gen, Los Angeles, California, US). The cDNA was syn-
thesized using the QuantiTect Reverse Transcription kit
(Qiagen, Shenzhen, China). Quantitative RT-PCR ex-
periments were performed with TagMan Multiplex mas-
ter mix (Thermo Fisher Scientific, Waltham, Illiniwek,
US) using Applied Biosystems ViiA 7 Real-Time PCR
System; the following primers were used: human vi-
mentin F: AGGCAAAGCAGGAGTCCACTGA, human
vimentin R: ATCTGGCGTTCCAGGGACTCAT. Human
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as a control; the primer set was GAPDH F: GTCTC-
CTCTGACTTCAACAGCG, GAPDH R: ACCACCCT-
GTTGCTGTAGCCAA. Controls without reverse tran-
scriptase were assessed for all samples.

2.7 Wound Healing Assay

Cell migration ability was evaluated with a wound-
healing assay. 3 days post-transfection, cells were collected
by brief trypsinization and were seeded in Ibidi wound-
healing two-well Culture Inserts (Ibidi, Fitchburg, Wiscon-
sin, US) into 24-well plates. Cells were grown to conflu-
ence in DMEM containing 10% FBS for another 12 h be-
fore the Ibidi wound-healing two-well Culture Inserts were
removed. The cells were washed twice with phosphate-
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buffered saline (PBS) to remove the cell debris and grown
in DMEM containing 1% FBS. The cell migration into the
gap area was observed and photographed at time points 0
h, 24 h, and 48 h. The closure of the gap was measured
using a phase-contrast microscope. Wound healing was an-
alyzed using the “MRI Wound Healing Tool” plugin in Im-
agelJ (version 1.52 LOCI, University of Wisconsin, Madi-
son, WI, USA) and estimated as a percentage of the starting
wound area.

2.8 Statistical Analyses

All experiments were performed in biological tripli-
cates or quadruplicates. One-way, two-way analyses of
variances (ANOVA) or unpaired ¢-test with two-tailed p
value was applied accordingly. Data were presented as
mean + standard deviation (SD). Prism 9.0 (Dotmatics,
Boston, MA, USA) was utilized to analyze the quantitative
data. p < 0.05 was considered statistically significant and
asterisks were interpreted as: *p < 0.05 and **p < 0.01.

3. Results

3.1 PIAS1 Enhances SMAD4 SUMOylation by Forming
PIAS1-SUMO1-SMAD4 Multiprotein Complex

SMAD4 was indeed SUMOylated, confirmed by our
in vitro SUMOylation assay conducted in NSCLC cell line
A549 (Fig. 1B, column 1), and such modification was en-
hanced obviously (p < 0.0001) by overexpression of PIAS1
through the incorporation of HA-PIAS1 plasmids into this
cell line. On the other hand, endogenous inhibition of
PIASI by introducing small interfering RNA (siRNA) de-
creased the SUMOylated SMAD4 level significantly (p
= 0053); this further confirmed that PIAS1 enhances the
SUMOylation of SMAD4 at the post-translational level.
This result raised the possibility that PIAS1 might have
achieved SMAD4-SUMOylation by forming a multiprotein
complex. To further test this, we performed sequential co-
immunoprecipitation by subjecting lysates to SMAD4 im-
munoprecipitation (FLAG IP), followed by SUMOI im-
munoprecipitation (Myc IP) of the eluates. Successful co-
immunoprecipitated PIAS1, expressed as an HA-tagged
protein, supported the existence of a PIAS1-SUMOI1-
SMAD4 complex (Fig. 1A).

3.2 PIASImediated SUMOylation of SMAD4 Boosted the
Migration Ability of A549 Cells

To elucidate whether upregulated SUMOylation of
SMADA4 is related to metastasis of NSCLC, we tested the
effect of different combinations of plasmid transfection on
cell migration ability through a wound-healing assay. The
maximally enhanced migration ability (compared to con-
trol, p < 0.0001) was achieved when there was overex-
pression of PIAS1, SMADA4, as well as SUMOI1 (Fig. 2).
Yet without exogenous addition of SUMOI, cell migra-
tion ability was less increased (p = 0.0342) but still ap-
parently higher than control WT A549. When there was

abundant SUMOI in the system, knocking down SMAD4
significantly compromised the cell migration ability (p =
0.0413, 0.0166 with or without the presence of endoge-
nous PIASI, respectively), and minimal improvement was
observed even overexpression of PIAS1 was introduced
(Fig. 2). This, in accordance with previous results, sug-
gested that even though PIAS1 turned up the SUMOylation
of SMAD4 by forming an integrated protein complex, the
subsequent effect on cell migration was probably mainly
achieved by SMAD4 serving as the most important media-
tor.

3.3 Increased Migration Ability Induced by
PIAS1-SUMO1-SMAD4 Complex was Accompanied by
High Expression of Vimentin

In a parallel experiment involving all groups of cell
cultures generated above, we quantified both mRNA ex-
pression level and protein level of vimentin microfilament
using RT-qPCR and WB, respectively.

Introducing excessive SUMO1 only, with endogenous
inhibition of both SMAD4 and PIASI1, was accompanied
by decreased vimentin expression and translation in A549
cells, in comparison to control (p = 0.0202, Fig. 3A). If
excessive SMAD4 was introduced, vimentin mRNA ex-
pression and translation were enhanced (p = 0.0303 with
SUMOI1 and endogenous inhibition of PIAS1). PIASI
added up to the effect generated by SUMO1 plus SMAD4
(»p = 0.0129), and the upregulating effect was achieved
to the maximum when all SUMOI1, PIAS1, and SMAD4
were excessively produced. Interestingly, with the pres-
ence of upregulation of SUMOI1 and inhibition of endoge-
nous SMADA4, the level of vimentin was significantly (p =
0.0004) overcome by the introduction of PIAS1 and com-
parable to the level observed in control.

4. Discussion

The high incidence and mortality of lung cancer, es-
pecially NSCLC as one major component, makes it an im-
portant area to explore. Despite the advances that we have
been making in terms of the combinative treatment regi-
men, such as target therapy plus chemotherapy on the foun-
dation of surgical evaluation and interventions, eradication
of NSCLC seems to be extremely hard, as indicated by the
low survival rate and frequent reoccurrence, which is es-
pecially true for metastasized cases. Most NSCLC cases,
notably those with increased intra-tumoral heterogeneity,
are associated with an increased likelihood of relapse and
a greater chance of metastases; this directly leads to poorer
prognosis since patients are mostly in late stages when a
diagnosis is confirmed. Even though the genomic land-
scapes vary depending on the different histological sub-
types and also whether or not some predisposing factors ex-
ist (cigarette exposure, for example), some interesting com-
mon genetic mutations have been identified, such as KRAS
from both LUAD and LUSC [37], which is later linked to
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Fig. 2. PIAS1mediated SUMOylation of SMAD4 boosted the migration ability of A549 cells. (A) A549 cells were transfected with
vector control or a plasmid containing cDNA encoding Myc-SUMO1, FLAG-SMAD4, HA-PIASI, alone or in combination with siRNA
against PIAS1 or SMAD4, and wound healing assay was performed. The photographs were taken at 0 h, 24 h, and 48 h. Cell migration
was quantified by measuring the difference in area between the leading edge and the initiation edge of the experiment. The wound area
was assessed by Image] software, quantitative data analyses were conducted in Prism 9.0, and the results were shown as (B).
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Fig. 3. Increased production of vimentin was observed to be accompanied by the excessive PIAS1-SUMO1-SMAD4 complex. (A)

Relative level of vimentin measured using RT-qPCR three days post-transfection. (B) Western blot showing vimentin protein amount

across different conditions. Experiments were performed with quadruplicates in each group, quantitative data analyses were conducted

in Prism 9.0, the error bar showed standard error (SD), ANOVA was applied, two-tailed p values were indicated as *p < 0.05, ***p <

0.001, ****p < 0.0001, and Bonferroni’s correction test was conducted for multiple comparisons.

EMT [38,39], a process thought to be playing a crucial role
in the metastasis of many malignancies including NSCLC
[13,14].

One group explored the function of SMAD4 in col-
orectal cancer and observed that direct silencing SMAD4
compromised the sensitivity of colorectal cancer cells to
Cetuximab (a monoclonal antibody against EGFR) as the
EMT is promoted and cells are losing epithelial characteris-
tics [30]. Another group focused on prostate carcinoma and
also found the inhibitory effect of suppressed SMAD4 on
EMT, with a subsequential decrease in mesenchymal mark-
ers such as vimentin [31]. Lin et al. [32] revealed that the
TGF-f signaling pathway is indeed SMAD4-dependent.
Its activation can be achieved through post-translational
SUMOylation of SMAD4, which does not affect the tran-
scription activator complex, but stabilizes SMAD4 from
being degraded [32]. The effect of SMAD4 on EMT has
been further confirmed in the human pancreatic ductal ep-
ithelium and invasive growth hormone-secreting adenomas
[28,29]; however, the level of vimentin (whether transcrip-
tional or translational level) was not affected, and so were
proteins from canonical TGF-/ signaling pathway [29].
Post-translational modification by SUMOylation has been
speculated to be substantially important for a lot of me-
diators and regulators on TGF-f the signaling pathway
[40,41]. In the in vitro experiments we conducted on the
A549 NSCLC line, our detection of Myc IB from FLAG
eluate confirmed the SUMOylation of SMAD4 (Fig. 1),

supported previous findings. In addition, we found out that
introducing FLAG-SMAD4 while knocking down PIAS1
could not bring the level of SUMOylated SMAD4 to a com-
parable level with the SUMO1 + SMAD4 group (Fig. 1, p=
0.0053). This aligns with Liang ef al. [36], who described
close interactions between SMAD4 and E3 SUMO ligase
PIAS1. We also utilized a wound healing assay and identi-
fied the positive effect of excessive SUMOylated SMAD4
on the migration/healing ability of 2D A549 cultures; this
is established by the significantly increased relative wound
closure compared to the wild-type culture (Fig. 2).

As described formerly, vimentin has been widely used
as an indicator of EMT, and its expression is linked with
the ability of NSCLC to metastasize. However, discrep-
ancies exist when it comes to whether SUMOylation of
SMADA4 necessarily means upregulation of vimentin. Con-
trary to what Kang et al. [29] have described, we ob-
served higher production of vimentin protein accompa-
nied by increased SMAD4 and PIAS1. Still, endoge-
nous SUMOI1 was enough to mediate this effect, as shown
by the insignificant differences between cultures with ex-
cessive SUMOI1 or not (p = 0.7569, Fig. 3). The dif-
ferences between the cell lines tested might have con-
tributed to the differences, and considering that it could
take days for this screening marker for EMT to change
even with ideal direct stimulation from TGF-3 [42], we
extended the timepoint to collect samples as long as pos-
sible to three days post-transfection. There is also evi-
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dence suggesting that vimentin by itself is an important one
among SUMOylation targets of PIAS1, and this modifi-
cation enhances its ability to actively assemble [43]. Di-
rect TGF-/3 stimulation enhances the promoter of vimentin
through AP1 biding sites [44], and non-promoter-mediated
upregulation of vimentin also exists [42]. We speculate
that the advanced level/functioning of vimentin could re-
sult from PIAS1-mediated SMAD4 SUMOylation both at
the transcriptional level (promoter-dependent activation by
SMAD#4) and post-translationally (direct SUMOylation and
stabilization of vimentin by PIAS1). However, when com-
paring the effect of infusion with SUMO1 and endogenous
inhibition of SMAD4 plus excessive PIAS1 or further inhi-
bition of PIAS1, PIAS1 could make up for the deficiency
of SMAD4, and the net result was recovered vimentin level
(Fig. 3), but it did not contribute to cell ability to migrate
(Fig. 2). This suggests that even though vimentin is an im-
portant marker for EMT, it is not the only or major reason
that has contributed to metastasis. As the immunochemistry
characterization of the NSCLC patient population carried
out by Dauphin et al. [24] pointed out, vimentin could be
useful as an indicator for metastases but not necessarily for
prognosis or recurrence, and the causal relationship requires
further confirmation. In future studies, three-dimensional
models might be applied since they have been shown to
have a greater capability of simulating what happens in vivo
in the NSCLC [45,46].

In conclusion, this study uncovers novel interactions
between PIAS1 and SMAD4 in NSCLC, revealing their
role in regulating cell migration and potential metasta-
sis mechanisms. The findings contribute to understand-
ing NSCLC’s molecular mechanisms, potentially leading to
innovative therapeutic strategies, prognostic markers, and
drug targets for improved patient treatment and manage-
ment. But in the same time, we acknowledge several limita-
tions in our study. We did not explicitly investigate whether
cell migration activities originated from TGF 3 signaling. In
future research, we should consider elucidating the role of
the TGF signaling pathway in this process. Although vi-
mentin plays a critical role in EMT, our next step should
involve silencing vimentin in tumor cells overexpressing
SUMOI, PIASI1, and SMAD4. By doing so, we can ob-
serve whether the EMT properties, cell migration activity,
and cancer metastasis of these cancer cells are affected. To
validate our conclusions, it would be essential to use animal
models, which will serve as an important direction for our
future research.

5. Conclusions

To conclude, our study further confirmed the interac-
tions between PIAS1 and SMAD4 on the post-translational
level. With the presence of high PIAS1, SUMO1-SMAD4
proportion was greatly increased in vitro; this in accordance
with highly expressed cytoskeletal element vimentin, in-
creased the ability of A549 NSCLC cells to migrate.
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