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Abstract

Background: Cancer stem cells (CSCs) are responsible for drug resistance, can-
cer relapse, and metastasis. Here, we report the first analysis of Palladin expres-
sion and its impacts on stem cell-like properties in lung cancer.

Methods: Tissue microarrays were used to investigate Palladin expression and
its association with prognosis. Immunofluorescence (IF), flow fluorescence
assay, and Western blot were performed to detect Palladin expression in 6 NSCLC
cell lines. Cell phenotypes and drug resistance were evaluated. Xenograft models
were constructed to confirm the role of Palladin in vivo.

Results: By using the tissue microarrays, Palladin was identified to be highly
expressed in the cytoplasm, specifically in the cytomembrane of NSCLC, and its
high expression is associated with poor prognosis. Palladin is widely expressed
and enriched in the sphere cells. The in vitro and in vivo studies showed that
Palladin promoted stem cell-like properties, including cell viability, invasion,
migration, self-renewal abilities, taxol resistance, and tumorigenicity. Western
blot revealed that Palladin promoted the accumulation of f-catenin and activated
Wnt/p-catenin signaling. Tissue microarrays analysis further confirmed the posi-
tive correlation between Palladin and f-catenin. Wnt/p-catenin pathway inhibi-
tor blocked the Palladin-induced enhancement of sphere-forming.
Conclusions: Palladin might act as an oncogene by promoting CSCs-like proper-
ties and tumorigenicity of NSCLC cells via the Wnt/f-catenin signaling pathway.
Besides, Palladin was identified to have the potential as a cell surface marker for
LCSCs identification. These findings provide a possible target for developing pu-
tative agents targeted to LCSCs.
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1 | INTRODUCTION 2 | MATERIALS AND METHODS
Stem cell biology has been proposed and come of age over 2.1 | Tissue microarray

the past decades.! The cancer stem cells (CSCs) are self-
renewable cell types that are identified in most tumors.?
Accumulating evidence has demonstrated that CSCs con-
tribute to tumor development, relapse, and metastasis due
in part to their intrinsic self-renewal and tumorigenic prop-
erties.’ Accordingly, in recent years, therapies that target the
CSCs are emerging, even maybe the next avenue of cancer
treatment.*

Lung cancer remains the leading cause of cancer-
related deaths worldwide in spite of the recent break-
throughs in immunotherapy.” More recently, the widely
embraced CSC concept has also been applied to lung
cancer.’ It is worth noting that several cell surface mark-
ers for CSCs identification, such as ABCG2, ALDH,
EpCAM, CD133, and CD44, have been widely verified,’
but they are not always reliable as certain markers might
not be specific in targeting the CSCs of lung cancer
(LCSCs).® However, CSCs are often inherently partially
resistant to some standard therapies and mediate tumor
recurrence.” Thus, although successfully demonstrated
in preclinical models, many putative agents targeted at
LCSCs have failed in clinical trials.'® Currently, under-
standing the mechanisms and novel targets that regulate
LCSCs stemness properties is an urgent need for pro-
viding better therapeutic rationales for novel anticancer
therapeutics.

Palladin is a member of the actin-associated pro-
teins family and is highly expressed in multiple tumor
cells, including stomach, colon, breast, and pancreas
cancers.'"!* Notably, due to its role in cell assembly
and maintenance, Palladin regulates actin cytoskel-
eton organization and adhesion formation,”* and in
turn, contributes to the invasive and migratory na-
ture of cancer metastatic cells."**® Given the central
role of CSCs in tumor metastasis,'” we assumed that
Palladin might be in part responsible for the meta-
static and tumorigenic properties of CSCs. Although
the contribution of Palladin to the invasion of various
cancers, such as breast, and pancreas cancer, has been
demonstrated,'® its function and mechanism have thus
far not been investigated in lung cancer, especially in
LCSCs. Wnt/f-catenin signaling is one of the crucial
developmental signaling pathways for CSCs homeosta-
sis and function.'® Therefore, the present study was de-
signed to explore whether and how Palladin affects the
stemness properties of NSCLC cells by Wnt/p-catenin
signaling.

Two human lung cancer tissue microarrays were obtained
from Shanghai Xinchao Biotechnology. Lung squamous
carcinoma and adenocarcinoma microarray contained
90 and 96 pairs of tumors and matched adjacent tissues,
respectively.

2.2 | Celllines and culture

Human NSCLC cell lines NCI-H1299, NCI-H460, GLC-82,
and A549 were preserved at the Cell and Molecular Biology
Laboratory, Cancer Institute, Chinese Academy of Medical
Sciences. Cell lines SPCA-1 and NCI-H226 were obtained
from the Shanghai Cell Bank of the Chinese Academy of
Sciences. All cell lines were grown in Roswell Park Memorial
Institute-1640 medium containing 10% fetal bovine serum in
a 37°C incubator with 5% CO,. Serum-free suspension cul-
ture was performed to enrich the sphere cells of various cell
lines.

23 | IF

A standard IF staining protocol was conducted, re-
spectively, in live and fixed cells to measure the
Palladin expression. Primary antibody against Palladin
(Cat No. MAS5-16141, Invitrogen) and secondary
antibody prelabeled with DyLight 488 (green, Cat
No. 711-486-152, Jackson Immunoresearch) were
used in this study. The nuclear were stained with
4,6-diamidino-2-phenylindole (DAPI). The fluorescent
images were acquired through fluorescence micros-
copy (Nikon).

2.4 | Flow fluorescence assay

Expression of Palladin in the surface of parental or
sphere cells was detected by flow fluorescence assay.
In brief, cells were digested with trypsin (0.25%) and
incubated with a primary antibody against Palladin
(Cat No. MA5-16141, Invitrogen) followed by a sec-
ondary antibody conjugated to DyLight 488 (Cat. No.
711-486-152, Jackson Immunoresearch). Labeled
cells were analyzed using an AccuriCé6cytometer (BD
Biosciences).
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2.5 | Lentiviral vector transduction
TheknockdownandoverexpressionofPalladinwereinduced
by a lentiviral vector. Short hairpin RNAs (shRNAs) target-
ing human Palladin (#1 CCAAAGAAGGCCAGTAGAA;
#2 CGAGGTTAACATACGAAGA) and a scram-
bled (control) shRNA were cloned into the lentivi-
ral vector pLKD-CMV-G&PP-U6-shRNA. Palladin
(CATAGCGTAAAAGGAGCAACA) were cloned into
the lentiviral vector pLOV-EF1a-blasticidin-CMV-EGFP-
P2A-3FLAG. The preparation of expression plasmids and
lentiviruses encoding shRNA plasmids and titer detection
was provided by ObioTechnology (Shanghai). Cells were
incubated with lentiviral vectors at an appropriate mul-
tiplicity of infection (MOI) in the presence of Polybrene
(5 pg/ml; Sigma).

2.6 | Sphere formation assay

Sphere cells were collected by gentle centrifugation and
dissociated with trypsin. The spheres (500 cells/well)
were seeded into a low attachment plate containing
serum-free DMEM/F12 medium, 0.8% methylcellulose,
20ng/ml epidermal growth factor, 10 ng/ml leukemia
inhibitory factor, 20ng/ml basic fibroblast growth fac-
tor, and B27 (1:50) factors. The medium was changed
every 3 days; after 14-day incubation, the formed spheres
were imaged and counted under an inverted microscope
(Nikon).

2.7 | Cellviability and drug
resistance assay

Cell viability and drug resistance to taxol were evaluated
using the Cell Counting Kit-8 (CCK-8) assay. Briefly, cells
were seeded on a 96-well plate at a density of 1x10* cells
per well and exposed to different concentrations of taxol
(0.25 to 64,000 nM) for 2 days. Thereafter, a CCK-8 reagent
(10 pl; Dojindo) was added to each well and maintained
at 37°C for another 2h. The absorbance was measured at
450nm under a microplate reader (Bio-Rad). The half-
maximal inhibitory concentration (ICs,) of taxol was ob-
tained by using the Logit method.

2.8 | Cellinvasion and migration assay

The cell invasion and migration abilities were deter-
mined by using the Transwell chamber (Corning) pre-
coated with (invasion) or without (migration) matrigel.

Briefly, cells were added into the upper chamber of
8 pm Transwell, and medium (600 pl) supplementing
with 10% fetal bovine serum was added to the lower
chamber as a chemoattractant. After 24-h cultivation,
cells adherent to the lower surface were fixed with
methanol and acetone and stained with DAPI. Stained
cells were photographed and counted under a micro-
scope (Nikon).

2.9 | Western blot

Western blot was conducted using the primary antibod-
ies against Palladin (Cat No. 66601-1-Ig, Proteintech),
Vimentin (Cat No. 3932; CST), N-cadherin (Cat No. 13116;
CST), E-cadherin (Cat No. 20874-1-AP; Proteintech),
CD44 (Cat No. 3570; CST), CD133 (Cat No. ab19898;
Abcam), SOX2 (Cat No. 3579; CST), Nanog (Cat No.
3580; CST), OCT4 (Cat No. 2750; CST), Wnt3a (Cat No.
2391, CST), FZD3 (Cat No. ab217032, abcam), phospho-
LRP659) (Cat No. 2568; CST), LRP6 (Cat No. 2560;
CST), Phospho-GSK-30/p5Y?) (Cat No. 9331; CST),
GSK-3a/p (Cat No. 5676; CST), p-catenin (Cat No. 9562,
CST), phospho-p-catenin®3/37/Th D) (Cat No. 9561;
CST), TCF3 (Cat No. 67140-1-Ig, Proteintech), LEF1 (Cat
No. 28540-1-AP, Proteintech), c-Myc (Cat No. 67447-1-1g,
Proteintech), and p-actin (Cat No. 4970; CST). The goat
anti-mouse IgG or goat anti-rabbit IgG or conjugated to
horseradish peroxidase (HRP) were used as secondary an-
tibodies. Visualization of the proteins was conducted with
the chemiluminescence kit(Millipore).

210 | Tumorigenicity assay
Specific-pathogen-free (SPF) female BALB/C nude mice
(age, 4-5weeks; weight, 14-16g) were acquired from
Huafukang Company. Mice were housed under a stand-
ard SPF condition (a 12-h light/dark cycle, 25+ 1°C, and
55% + 5% humidity). The BALB/C nude mice were rand-
omized into 6 groups (each group had 5 mice). The single-
cell suspension of various transfected cells (3 x 10°) was
injected into the lateral thigh of the mice. After tumors
reached the palpable size, the long and short diameters of
the tumor were detected using an external caliper every
3days after the inoculation. Tumor volume was calcu-
lated as (Iengthxwidth?)/2. After 30days, all mice were
killed by cervical dislocation. Subsequently, tumors were
harvested, photographed, and weighed. The harvested
tumor tissues were fixed in the 4% paraformaldehyde,
embedded into paraffin, and then prepared into 4 pm
sections.
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211 | Immunohistochemistry (IHC) 3 | RESULTS

The tissue microarray or sections were consecutively de- 3.1 | High expression of Palladin predicts

paraffinized, rehydrated, and washed. After that, the an-
tigen was repaired with citrate solution, and endogenous
peroxidase activity was blocked with 3% H,O, and goat
serum. Primary antibody against Palladin (Cat No. MA5-
16141, Invitrogen), CD44 (Cat No. 3570; CST), CD133 (Cat
No. ab19898; Abcam), Ki67 (Cat No. ab15580; Abcam),
N-cadherin (Cat No. 13116; CST), and p-catenin (Cat No.
9562, CST), as well as biotinylated secondary antibody and
HRP-conjugated avidin, were used for incubation. The 3,
3’-diaminobenzidine was used as the chromogen.

2.12 | Statistical analysis

The data were analyzed by using SPSS software and
GraphPad Prism 7.0. Data were expressed as the
mean =+ standard error of the mean (S.E.M) or number
(percentage, %). Statistical significance between two
groups was analyzed by chi-square test or student's ¢-test;
among multiple groups, were analyzed by analysis of vari-
ance (ANOVA) with Bonferroni post hoc test. Survival
analysis was estimated by the Kaplan-Meier method and
compared by the log-rank test. The relationship between
Palladin and f-catenin was verified by Spearman corre-
lation analysis. Data were deemed statistically significant
from a p-value <0.05.

NSCLC tissues (o]

a poor prognosis for patients with NSCLC

To explore the clinical role of Palladin in the disease
progression of NSCLC, IHC staining was performed to
determine whether any correlation between Palladin ex-
pression with survival outcomes in NSCLC samples. By
using the tissue microarrays, the expression of Palladin
was higher in NSCLC tissues compared to the paracancer-
ous tissues (Figure 1A). According to the staining inten-
sity and percentage of positively stained cells, the Palladin
expression was categorized into four grades: negative (—),
weakly positive (+), positive (+4), and strongly positive
(+++) (Figure 1B). Furthermore, the patients were strati-
fied as either Palladin low expression (negative/weakly
positive staining) or Palladin high expression (positive/
strongly positive). Notably, Palladin was identified to be
highly expressed in the cytoplasm and specifically ex-
pressed in the cytomembrane of patients with NSCLC
(Figure 1C). Kaplan-Meier analysis showed that NSCLC
patients with high Palladin expression (40 months) have
shorter overall survival than patients with low SIPR1 ex-
pression (56 months) (Figure 1D). Meanwhile, Palladin
expression in the cytoplasm is observed to be associated
with the patients' survival (Figure 1D). Thus, these results
implied that Palladin might be involved in the disease pro-
gression of NSCLC.
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FIGURE 1 High expression of Palladin predicts a poor prognosis for patients with NSCLC. (A) Expression of Palladin in NSCLC
and paracancerous tissues (scale bar, 100 pm). (B) According to IHC staining intensity and percentage of positively stained cells, Palladin
expression was categorized into four grades: negative (—), weakly positive (+), positive (++), and strongly positive (+++) (scale bar, 100 pm).
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(C) The percentage of patients with Palladin™®" or Palladin

expression in the cytoplasm and cytomembrane. (D) Kaplan-Meier survival

curve of overall survival according to Palladin expression in patients with NSCLC. Statistics: *p <0.05, ***p <0.001.
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3.2 | Enrichment and expression of
Palladin in sphere cells of NSCLC

To identify the localization and expression of Palladin,
live-cell and fixed-cell immunofluorescence (IF) staining
was conducted in six NSCLC cell lines, including A549,
GLC-82, NCI-H1299, NCI-H226, NCI-H460, and SPCA-
1. IF staining demonstrated that Palladin was strongly
expressed in cytoplasm and cytomembrane of NCI-
H226 and GLC-82, but weakly in NCI-H1299 and A549
(Figure 2A). We also observed that Palladin is widely
expressed in the cytoplasm, membrane, and nucleus of
NSCLC cell lines (Figure 2A), implying its potential for
CSCs identification. Subsequently, we enriched CSCs
by the serum-free enrichment culture and detected the
Palladin expression in parental and sphere cells by flow
fluorescence assay and western blot. The results revealed
that the Palladin® cell percentage of sphere cells from
A549, NCI-H226, and NCI-H460 was higher than that of
the parental cells (Figure 2B,C). Consistent findings were
observed in the western blotting (Figure 2D). Collectively,
Palladin is widely expressed and enriched in the sphere

Based on the expression levels of Palladin in various
NSCLC cell lines, NCI-H226 and NCI-H460 with high en-
dogenous expression, while A549 with low endogenous
expression were selected for the subsequent experiments.

3.3 | Palladin promoted stem cell-like
properties of NSCLC cells both in vitro and
in vivo

To investigate the effect of Palladin on stem cell-like
properties of NSCLC cells, we established the Palladin-
knockdown stable cell line of NCI-H226 and NCI-H460
(Figure 3A). From the CCK-8 assay, we found that the
knockdown of Palladin suppressed the cell viability both
in the NCI-H226 and NCI-H460 cells (Figure 3B). Besides,
the invasion and migration abilities were significantly in-
hibited in Palladin-knockdown cells compared to control
cells (Figure 3C,D). Similarly, the Palladin knockdown
significantly decreased the sphere-forming ability in two
cells (Figure 3E). Moreover, the expression of epithelial-
mesenchymal transition (EMT) markers (E-cadherin,
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FIGURE 2 Enrichment and expression of Palladin in sphere cells of NSCLC. (A) Fixed-cell and live-cell immunofluorescence staining

of Palladin in the NSCLC cell lines. (scale bar, 30 um). (B, C) flow fluorescence assay detected the positive expression of Palladin in the

parental and sphere cells of NSCLC cell lines. The quantitative results were shown. (D) Western blot measured the expression of Palladin

in the parental and sphere cells of NSCLC cell lines. Data plots are expressed as mean + S.E.M of three independent experiments. Statistics:

*p <0.05, *p <0.01, ***p <0.001.
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of transfected NCI-H460 and NCI-H266 cells was evaluated by sphere formation assay. Representative images and quantitative data were
shown. (G) Western blot of EMT and stemness markers. (F) Cell resistance to taxol was detected by the CCK-8 assay. Data plots of in vitro
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D < 0,001,

(CD44, CD133, SOX2, Nanog, and OCT4) were measured
using western blot after Palladin knockdown. As a result,
N-cadherin, Vimentin, CD44, CD133, SOX2, Nanog, and
OCT4 were down-regulated, while E-cadherin was up-
regulated in Palladin-knockdown cells (Figure 3F). These
expression results further supported that Palladin af-
fected the self-renewal, invasion, and migration abilities

of LCSCs. Furthermore, the cell resistance to taxol was
evaluated by using the CCK-8 assay. As shown in
Figure 3G, NCI-H460 cell lines with Palladin knockdown
(ICs, = 6.6 uM) exhibited a decreased resistance to taxol
compared with the control cells (IC5, = 17.5 pM).

Given that tumorigenicity is one crucial characteris-
tic of CSCs, we constructed the xenograft mouse model
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to further provide in vivo evidence for Palladin in the
progression of NSCLC. NCI-H266 and NCI-H460 cells
with shPalladin transduction were injected into the mice.
Figure 3H reveals that the tumor size and weight were sig-
nificantly lower with those of shPalladin downregulation
compared with the controls. Thereafter, the THC stain-
ing confirmed that CD44, CD133, Ki67, and N-cadherin
were significantly downregulated along with the Palladin
knockdown (Figure 3I), which was consistent with the
findings from in vitro results.

In contrast, we established Palladin-overexpressing
cells in the A549 cells which had low endogenous
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expression (Figure 4A). After Palladin overexpression,
we observed the opposite results to Palladin knockdown,
that is, Palladin overexpression enhanced the cell vitality
(Figure 4B), invasion (Figure 4C), migration (Figure 4D),
and sphere-forming ability (Figure 4E). Western blot also
verified that Palladin overexpression enhanced the ex-
pression of N-cadherin, Vimentin, CD44, CD133, SOX2,
Nanog, and OCT4, but inhibited the E-cadherin expression
(Figure 4F). With regard to the cell resistance, the CCK-8
assay (Figure 4G) confirmed that the resistance to taxol
was significantly increased in the Palladin-overexpressing
cells (IC5, = 26.8 pM) than in the controls (ICs, = 8.8 pM).
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FIGURE 5 Palladin regulates the stem phenotype of NSCLC cells by activating Wnt/p-catenin signaling. (A) Western blot of proteins in
Wnt/f-catenin signaling after Palladin overexpression or knockdown. (B) Analysis of the effect of Wnt/f-catenin pathway inhibitor Wnt-C59
on the self-renewal ability of Palladin overexpressing cells and control cells (scale bar, 100 pm). Data plots are expressed as mean +S.E.M of

three independent experiments. Statistics: *p <0.05.

In the xenograft mouse model, the results showed that
Palladin overexpression significantly promoted tumor
growth with higher tumor size and weight than the con-
trols (Figure 4H). Meanwhile, the THC staining of CD44,
CD133, Ki67, and N-cadherin was found to be obviously
suppressed after Palladin overexpression (Figure 4I).
Taken together, these results revealed that Palladin pro-
moted stem cell-like properties of NSCLC cells both in
vitro and in vivo.

3.4 | Palladin regulates the stem
phenotype of NSCLC cells by activating
Wnt/f-catenin signaling

To clarify the possible molecular mechanism of Palladin
in the regulation of stem cell-like properties, the expres-
sion of proteins in the Wnt/p-catenin signaling that is
essential for the maintenance of cancer stem cell-like
properties of cancer cells were analyzed. Western blot
revealed that the overexpression of Palladin remark-
ably upregulated Wnt3a, p-LRP6, p-GSK-3a, p-GSK-34,
TCF3, LEF1, and c-Myc, but downregulated FZD3 and
p-p-catenin (Figure 5A). However, the Palladin knock-
down induced the opposite trends, that is, the expression
of Wnt3a, p-LRP6, p-GSK-3a, p-GSK-3p, TCF3, LEF1, and
c-Myc was suppressed while the expression of FZD3 and
p-fB-catenin was promoted (Figure 5A). By using the tis-
sue microarrays, both Palladin and $-catenin were highly
expressed in NSCLC tissues, compared to paracancerous
tissues (Table S1). Furthermore, the correlation analysis
demonstrated a positive correlation between Palladin and
B-catenin (R = 0.51, p<0.0001; Table S2). Thus, to fur-
ther confirm the participation of Wnt/p-catenin signaling,
Wnt/p-catenin pathway inhibitor Wnt-C59 (10 pM) was
added to the transfected cells. As indicated in Figure 5B,

Wnt-C59 blocked the Palladin-induced enhancement of
sphere-forming. In summary, these data suggested that
Palladin promotes cancer stem cell-like properties by acti-
vating Wnt/p-catenin signaling.

4 | DISCUSSION

Advances in CSC research might contribute to establishing
successful therapies against tumors. Emerging evidence
has proposed that selectively targeting specific surface
markers and/or critical signaling of CSCs to repress the
tumor progression can be exploited as an effective anti-
tumor therapeutic approach.’” However, until now, the
clinical benefit of LCSC-targeted therapies has not been
demonstrated.® Elaborating on the biological properties
and regulation mechanisms of LCSCs is fundamental for
the improvement of selective targeted therapy. Therefore,
the present study preliminarily investigated the role of an
actin-associated protein Palladin and its potential molecu-
lar mechanism in the NSCLC (Figure 6).

Numerous studies have proved that actin-associated
proteins are accumulated in tumor cells and are involved
in cell invasion and cancer progression.”> Among them,
the actin-associated protein Palladin was firstly reported
in the cancer-associated fibroblasts (CAFs) of pancreatic
cancer.'® Subsequently, several studies confirmed the high
expression of Palladin in multiple cancers?!; however, the
investigation of Palladin in lung cancer has not been yet
described. Hereby, we measured the differential expres-
sion of Palladin between NSCLC and normal tissues using
clinical samples. As expected, patients with NSCLC pre-
sented with a high level of Palladin expression, which is
identified with other tumor types.'®*'"** Consistent with
the previous analysis,”*** the Kaplan-Meier analysis re-
vealed that the elevated expression of palladin predicted



SHU ET AL.

4518 o e
—I—Wl LEY_Cancer Medicine _

LRP

10000000000000

Frizzled

€ 0 01 0 I I I POCOCOOEOOCOCOOCOCEOOCOCEOOOCOOO0O0CC00C0000000000(

10000000000000

Dishevelled

Activation

Tumorigenicity}

FIGURE 6 The potential molecular mechanism of Palladin in
the NSCLC cells

the poor survival of patients. Bases on these results, it is
evident that Palladin participated in the disease progres-
sion of NSCLC.

Nevertheless, the understanding of Palladin in cancers
still formed at the level of normal cells rather than CSCs;
thus, further research on its effects on CSCs is still needed.
In the present study, we validated the elevated expression
of Palladin in various NSCLC sphere cells. Interestingly,
Palladin was identified to be specifically expressed in the
cytomembrane of tumor cells, suggesting that Palladin
might be applicable as a cell surface marker for LCSCs
identification. Through in vitro and in vivo experiments,
Palladin-overexpressed NSCLC cell lines demonstrated
the higher capability of spheroid colony formation in
serum-free media, invasion, and migration, as well as the
higher ability to form xenograft tumors in BALB/C nude
mice, consistent with the previous findings.'>'>** We also
analyzed the expression of EMT-related (E-cadherin, N-
cadherin, and Vimentin)26 and stem cell-related genes
(CD44, CD133, SOX2, Nanog, and OCT4).*’ As a result,
Palladin negatively regulated N-cadherin, Vimentin,
CD44, CD133, SOX2, Nanog, and OCT4, but positively
regulated the E-cadherin, which provides supportive ev-
idence for phenotypic study. Meanwhile, the Palladin-
knockdown cell lines presented the opposite results. It is
worth noting that the drug resistance ability of NSCLC
cell lines was significantly affected by Palladin. As we
know, the self-renewal, tumorigenic properties, and drug
resistance of CSCs may be responsible for the attempt fail-
ure of the CSCs-targeted strategy.”® Here, it is evident that

targeting Palladin could inhibit these key properties of
CSCs; thereby, targeting Palladin may represent a poten-
tially useful approach in invasive lung cancer.

Understanding downstream signaling of oncogenesis
is pivotal to elucidating the pathogenic mechanisms of
tumor progression and improving the therapeutic effect in
targeted therapy. Despite the several studies that have re-
vealed that Palladin promotes tumor cell invasion by reg-
ulating the activity of Cdc42,® its specific mechanisms for
regulating stem-cell properties have never been reported
previously. It has been widely accepted that several key
developmental signaling pathways, such as the Notch,
Wnt, Hedgehog, and Hippo signaling cascades, are crucial
for stem cell homeostasis and function in various solid tu-
mors.'® Of these, due to the strong conservation of Wnt
signaling, it plays a key role in regulating the differenti-
ation and pluripotency of stem cells.” Thereby, we have
focused on whether Palladin regulates the Wnt/p-catenin
signaling, which is the most intensively studied and best
characterized Wnt signaling pathway.*° Through the west-
ern blot analysis, we observed that Palladin positively reg-
ulated the expression of Wnt3a, the inhibition of FZD3,
as well as the phosphorylation and activation of the LRP6
receptor, which in turn induced the phosphorylation of
GSK-30>"! and GSK-3p%". Then, the GSK3-dependent
phosphorylation of p-catenin was suppressed and the nu-
clear accumulation of f-catenin was increased. Thereafter,
the downstream DNA-binding proteins (i.e., TCF3 and
LEF1) and targets, such as c-Myc, were upregulated. The
cascading changes of these proteins are consistent with
the classical Wnt/p-catenin signaling.*"** In addition, the
results showed that the addition of Wnt-C59 (a Wnt/p-
catenin pathway inhibitor) blocked the Palladin-induced
enhancement of sphere-forming, further supporting the
role of the Wnt/p-catenin pathway as targeted down-
stream signaling of Palladin. Further analysis in NSCLC
tissues also showed that Palladin was positively correlated
with fB-catenin, which provided the in vivo evidence for
this finding. In spite of no direct evidence on the relation-
ship between Palladin and the Wnt/p-catenin signaling
pathway, the association of Palladin and Wnt/p-catenin
signaling has been implied in a previous study, that they
were simultaneously up-regulated by Sox9 to control self-
renewal and invasion in basal cell carcinoma.*® Similarly,
other members of the actin-associated proteins family
were reported to play an oncogenic role via Wnt/f-catenin
signaling,* as seen in our study. In summary, we assumed
the potential mechanism that Palladin activates the Wnt/
f-catenin signaling by reducing the p-catenin degradation
and increasing the nuclear accumulation of p-catenin to
promote the stemness properties of NSCLC cells.

In conclusion, the present study firstly confirmed the
overexpression of Palladin in both the tissues and sphere
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cells of lung cancers. Palladin was identified to be spe-
cifically expressed in the cytomembrane of patients with
NSCLC, suggesting its potential as a cell surface marker
for LCSCs identification. More importantly, we demon-
strated that Palladin might serve as a tumor oncogene and
promote the biological and stemness properties of NSCLC
cells, possibly by activating the Wnt/f-catenin signaling
for the first time. The elucidation of this new molecular
mechanism for Palladin and Wnt/f-catenin signaling acti-
vation is conducive to understanding the pathogenesis of
NSCLC, providing a novel possibility for the development
of a novel therapeutic target for CSCs targeted therapy.
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