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Abstract

Tumor-associated macrophages (TAM) are considered as crucial influencing factors of lung adenocarcinoma (LUAD) car-
cinogenesis and metastasis. Profilin 1 (PFN1) has been proposed as a potent driver of migration and drug resistance in LUAD.
The focus of this work was to figure out the functional mechanism of PFN1 in macrophage polarization in LUAD. PFN1
expression and its significance in patients’ survival were detected by ENCORI and Kaplan—Meier Plotter. RT-qPCR and
western blotting examined PFN1 expression in LUAD cells. CCK-8 assay and colony formation assay detected cell prolifera-
tion. Flow cytometry detected cell apoptosis. Relevant assay kit tested caspase3 concentration. Western blotting analyzed
the expression of proliferation- and apoptosis-related proteins. RT-qPCR and immunofluorescence staining measured M1
and M2 macrophages markers. Mitophagy was assessed by MitoTracker Red staining, immunofluorescence staining, and
western blotting. PFN1 expression was increased in LUAD tissues and cells and correlated with the poor survival rate of
LUAD patients. Deficiency of PEN1 hindered the proliferation, whereas facilitated the apoptosis of LUAD cells. Addition-
ally, PFN1 interference impaired M2 macrophage polarization. Moreover, PFN1 knockdown exacerbated the mitophagy
in LUAD cells and mitophagy inhibitor mitochondrial division inhibitor 1 (Mdivi-1) notably reversed the effects of PFNI
down-regulation on the proliferation, apoptosis as well as macrophage polarization in LUAD cells. To sum up, activation of
mitophagy initiated by PFN1 depletion might obstruct the occurrence and M2 macrophage polarization in LUAD.
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Introduction

Lung cancer represents a prevalent form of neoplasia of the
respiratory system worldwide because of its highest inci-
dence and fatality rate among all human malignancies [1].
Non-small cell lung cancer is a predominant class of lung
cancer, accounting for approximately 85% of all lung can-
cer cases [2], with lung adenocarcinoma (LUAD) being the
most frequently occurring histologic type [3]. Admittedly, in
addition to the conventional treatment approaches including
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surgery, radiation, and chemotherapy [4], the emerging
targeted, individualized therapy or immunotherapy have
achieved certain efficiency in treating patients with LUAD
[5, 6]. The outcome of LUAD patients at advanced stages
is suboptimal and the life expectancy of LUAD patients is
severely impaired, ascribed to high propensity for relapse
and metastasis [7]. In terms of epidermal growth factor
receptor (EGFR)-mutant non-small cell lung cancer, excep-
tional progresses that achieved have significantly impacted
patients’ survival [8, 9]. However, the unavoidable side
effects should be taken into account [10]. Thence, exploring
the underlying action mechanism of LUAD and developing
novel therapeutic targets are of utmost urgency.

Profilin (PFN) family of actin-binding proteins are key
regulators in actin assembly at the leading edge of migrat-
ing cells [11]. Profilin 1 (PFN1) is a small evolutionarily
conserved ubiquitous actin-binding protein present in all
eukaryotes, which is engaged in various cellular biological
behaviors, such as proliferation, survival, motility, endocy-
tosis, membrane trafficking, via interaction with actin and
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proline-rich-motif (PRM) proteins [12]. Abundant evidence
has supported that PEN1 is abnormally expressed in various
cancers and diseases and modulates disease development
[11-13]. Importantly, PFN1 has been proposed to be overex-
pressed in lung cancer and drive tumor metastasis and drug
resistance [14, 15].

As a well-studied type of cargo-specific autophagy,
mitophagy is responsible for the elimination of senescent
and dysfunctional mitochondria to maintain cellular energy
homeostasis and functions in response to multiple stress con-
ditions including nutritional deficiency, hypoxia, DNA dam-
age, and inflammation [16]. It has been demonstrated that
mitophagy is implicated in a wide range of human disorders
and malignancies via sensing different extracellular signals
[17-19]. Moreover, it is worth noting that inactivation of
mitophagy may protect against LUAD tumorigenesis [20].

Accordingly, the aim of this work was to figure out the
functional mechanism of PFN1 associated with mitophagy
in LUAD.

Materials and Methods
Bioinformatics Tools

PFN1 expression and its significance in LUAD patients’
survival were detected by ENCORI (https://rnasysu.com/
encori/) and Kaplan—Meier Plotter (https://kmplot.com/
analysis/).

Cell Culture, Treatment, and Transfection

Human bronchial epithelial cell line BEAS-2B, LUAD cell
lines (HCC827, PC-9, A549, and NCI-H1975) and human
peripheral blood monocytes THP-1 were all sourced from
Typical Culture Preservation Commission Cell Bank, Chi-
nese Academy of Sciences (Shanghai, China). Bronchial
epithelial growth medium (BEGM; Lonza, Walkersville,
MD, USA) was to cultivate BEAS-2B cells. All LUAD cells
and THP-1 cells were maintained in Roswell Park Memorial
Institute (RPMI)-1640 medium (Biosera, France) contain-
ing 10% fetal bovine serum (FBS; NQBB, Australia) while
A549 cell line was fostered in F-12 K medium (Biosera,
France) at 37 °C in a 5% (v/v) CO, atmosphere. Besides,
A549 cells were pretreated by 10 pM mitochondrial division
inhibitor 1 (Mdivi-1) [21].

The short hairpin RNA (shRNA) lentiviral particles
against PFN1 constructed by Biosettia Inc (San Diego, CA,
USA) were transfected into A549 cells using Lipofectamine
3000 Transfection Reagent (Thermo Fisher Scientific, USA).

In addition, THP-1 cells that treated with 100 ng/ml
phorbol 12-myristate 13-acetate (PMA) for 24 h differenti-
ated into M0 macrophages. Subsequently, THP-1 cells were
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exposed to 10 pg/ml lipopolysaccharide (LPS; Sigma, USA)
and 20 ng/ml INF-y (PeproTech, Rocky Hill, NJ, USA) or
20 ng/ml IL-4 (PeproTech, Rocky Hill, NJ, USA) and 20 ng/
ml IL-13 (PeproTech, Rocky Hill, NJ, USA) to polarize into
M1 macrophages or M2 macrophages [22]. Then MO mac-
rophages were also treated by the conditioned medium of
transfected AS549 cells.

Cell Counting Kit-8 (CCK-8)

In a brief, A549 cells were inoculated into a 96-well plate
at a density of 5x 10? cells/well. Subsequently, the cells
were incubated with CCKS8 reagent (Peptide Institute) for
2 h. With the employment of a microplate reader (SLT Lab
Instruments GmbH, Salzburg, Austria), the absorbance at
450 nm was detected.

Colony Formation Assay

A549 cells (1x 10%) were injected into 6-well plates for 14
d. Then, the cells were fixed with 4% paraformaldehyde and
stained by 0.1% crystal violet. The number of colonies was
eventually counted under a light microscope (Leica, Wetzlar,
Germany).

Flow Cytometry Analysis

Cell apoptosis was measured with the employment of
Annexin V-FITC/PI Apoptosis Detection Kit (Biovision,
Milpitas, CA, USA) in the light of the recommended pro-
tocol. Before detecting the apoptotic rate by a flow cytom-
eter (Ex, 488 nm; Em, 530 nm) (Sysmex Co., Kobe, Japan),
A549 (1 x 10° cells/well) injected in 6-well plates were sub-
jected to resuspension in 500 pL of 1 X binding buffer, fol-
lowing which was the treatment with 5 ul Annexin V-FITC/
propidium iodide (PI) for 5 min at room temperature in the
dark. The total apoptotic cells was calculated as the sum
of the right upper quadrant which indicated early apoptotic
cells and right lower quadrant which indicated late apoptotic
cells as previously reported [23].

Caspase3 Activity Assay

Caspase3 activity was examined with Caspase 3 Activity
Assay Kit (Bestbio, Shanghai, China), according to the
manufacturer’s instructions. The absorbance at 405 nm was
determined using. The activity of caspase 3 was calculated
as the OD405 relative to the control.
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Fig.1 Up-regulated PFNI expression predicts unfavorable survival of
LUAD patients. A—-B ENCORI and C Kaplan-Meier Plotter detected
PFN1 expression and its significance in survival of LUAD patients.

Reverse Transcription-Quantitative PCR (RT-qPCR)

The total RNA that extracted from A549 cells with RNA
isolation kit (Gentra, Minneapolis, MN, USA) was reverse
transcribed into cDNA using ProtoScript® II First Strand
cDNA Synthesis Kit (NEB). PFN1 transcription was quanti-
fied employing Luna® Universal gPCR Master Mix (LMAI
Bio, Shanghai, China) and relative gene expression was cal-
culated using 2maact equation.

Western Blot

Total proteins were extracted from A549 cells using RIPA
lysis buffer (Bio Basic, Canada) and the protein concentra-
tion was quantified with BCA method (Bio Basic, Canada).
Separated by 12% SDS-PAGE, equal amounts of sample
proteins were subsequently transferred onto the PVDF
membranes sealed by 5% BSA. Then, the membranes were
incubated with primary antibodies. On the next day, the
membranes were incubated with HRP-linked secondary
antibody. The binding signals were scanned by the ECL rea-
gent (Proanti Biotechnology Development Co., Ltd., Shanxi,
China). Images were captured using Bio-Rad ChemiDOC

D RT-qPCR and western blotting tested PFN1 expression in LUAD
cells. n=3. *P <0.01, ***P <0.001 vs. BEAS-2B

XRS +system (Bio-Rad Laboratories, Inc.) and analyzed by
Image Lab Software (version 5.2.1; Bio-Rad Laboratories,

Tnc.) [24].

Immunofluorescence (IF) Staining

Following the treatment with 4% paraformaldehyde, 0.5%
Triton X-100, and the inhibition by 5% BSA, A549 cells
were incubated with primary antibodies targeting CD68,
iNOS, and CD206 overnight at 4 °C. On the next day,
the cells were incubated with goat anti-rabbit IgG (Alexa
Fluor®488) secondary antibody at room temperature for 1 h.

To detect mitochondria and LC3 co-localization, cells
were dyed by the MitoTracker Red kit (Invitrogen, Thermo
Fisher, USA). Subsequently, the cells were incubated with
primary antibody against LC3 and secondary antibody.
DAPI was used for nuclear staining. Images were observed
under a fluorescence microscope.

@ Springer



Molecular Biotechnology

g -
g 1.5 1.5 < 157
= $
° 3 B
£ 1.0 g 1.0 & 1.0
& PFNT o - — k) " 3
dedek - a *kk
z 0.5 GAPDH e ews e=e = ; 0.5 . 3 059
o wkk
> O N9 o
g oW oW oW Z
& &
© & S L BN Lo 4 & L N
x ‘& ’Q'é 3 3 0(.‘6 (}\’é QQ%
< &
C
]
L]
=
S
[]
L]
-
(=]
H *kk
£
£
=3
=z
< N
= gq*
L)
&

Control sh-NC sh-PFN1

8 a a8
10 31 Qz 10 g1 a2 10 301 Qz
7 1148 279 7 J047 389 ; ]095 24.8
|

3
tuad

Comp-FL7-A = PE-A
3
Comp-FL7-A~ PE-A
=]
tual

o
2
Comp-FL7-A " PE-A
au an au\
1 Luad Luul 1
2
8
Cell apoptosis (%)
- [ %] w
(=] (=] o (=]

103 10 j
101:04 ' Q3 w'g E "
21 11 3 I ‘1 2 . 21 ‘3,14 . ('-60\ ‘\x\o g{(,é'\
o
I|Il2 IDT 1ﬂs 10 10 1“4 10 10 10 ‘|ﬂa ‘|ﬂ2 1ﬂ7 10 0 @ @v
Comp-FLB-A: FITC-A Comp-FLB-A FITC-A Comp-FLB-A: FITC-A
1.57 1.57
F 5 g
E £ 10 £ 1.0
K67 e b o s g
= %k
£ a0 PCNA e e g 059 3 05 e
s Hedek x o
35 0, LaminG 1 - 00l 00
e € s N s n
28 200 Bel-2 wn— — & S &° ¥ &
w“ o & R o & 2
S & o) c &
o3 100- GAPDH " -=— —
3 1.57 3 o
[}
g 0- Bax . ____d z -
> o N a ] o
O 1.0 1
& &L GAPDH e amm e 3 g 2
o o g [*] 2] dededk o 11
o 3 M
< &
0.0- 0
> N N
& v“\o & ° o’éo &
00 & é“ OD o éo.

@ Springer



Molecular Biotechnology

«4Fig.2 Knockdown of PFNI represses the proliferation and facili-
tates the apoptosis of LUAD cells. A RT-qPCR and western blotting
measured the transduction efficacy of PFN1 interference plasmids. B
CCK-8 assay detected cell viability. C Colony formation assay evalu-
ated the colony-forming capacity of cells. D Flow cytometry analy-
sis estimated cell apoptosis. E Relevant assay kit examined caspase3
concentration. F Western blotting tested the expression of prolifera-
tion- and apoptosis-related proteins. n=3. **P <0.01, ***P <0.001
vs. sh-NC

Statistics

All statistics were analyzed using SPSS 22.0 software
(SPSS, Inc., Chicago, IL, USA) and then presented as
mean =+ standard deviation. By means of one-way ANOVA
as well as Tukey’s post hoc test, statistical significance was
ascertained. P value less than 0.05 indicated statistical sig-
nificance. All experiments were repeated > 3 times.

Results

Up-Regulated PFN1 Expression Predicts
Unfavorable Survival of LUAD Patients

Firstly, it was noted from the data of ENCORI database that
PFN1 expression was significantly increased in LUAD tis-
sues and PFN1 upregulation predicted worse survival of
LUAD patients (Fig. 1A-B). The similar trend can also
be observed in Kaplan—Meier Plotter database, suggesting
that PEN1 might act as a negative prognostic marker for
LUAD (Fig. 1C). Through RT-qPCR and western blotting,
PFN1 expression was also significantly increased in LUAD
cell lines (HCC827, PC-9, A549, and NCI-H1975) by con-
trast with human bronchial epithelial cell line BEAS-2B
(Fig. 1D). A549 cells displayed the highest PFN1 expres-
sion, hence being chosen for following experiments.

Knockdown of PFN1 Represses the Proliferation
and Facilitates the Apoptosis of LUAD Cells

With the aim of exploring the effects of PFN1 on LUAD
cellular behaviors, PFN1 was initially transfected with
PFN1 interference plasmids (sh-PFN1-1/2) to reduce PFN1
expression (Fig. 2A). Moreover, sh-PFN1-2 was selected for
the follow-up studies because of its better transfection effi-
ciency. Through CCK-8 and colony formation assays, it was
observed that the proliferation and colony forming abilities
of A549 cells were both inhibited when PFN1 was down-
regulated (Fig. 2B—C). Results obtained from flow cytome-
try analysis showed that interference with PFN1 significantly
increased the number of apoptotic A549 cells (Fig. 2D).
Also, caspase3 activity was also discovered to be increased

after PFN1 was knocked down (Fig. 2E). Further, the expres-
sions of proliferation-associated proteins Ki67, PCNA, and
anti-apoptotic protein Bcl-2 were all decreased while the
expression of pro-apoptotic protein Bax was increased in
A549 cells transfected with sh-PEN1 (Fig. 2F).

Knockdown of PFN1 Attenuates Macrophage
Polarization Toward M2 in LUAD Cells

Dysregulated macrophage polarization has emerged as a
critical event in the progression of LUAD. To investigate
the role of PFN1 in macrophage polarization in LUAD
cells, the expression of M1 and M2 macrophage mark-
ers were analyzed. RT-qPCR and immunofluorescence
staining presented that the differentiation of M1 and M2
macrophages were identified, as evidenced by the up-
regulated expression of M1 macrophage surface mark-
ers including CD80, IL-6, IL-18, CD68/INOS in the M1
group and the raised expression of M2 macrophage sur-
face markers including CD163, Arg-1, CD68/CD206 in
the M2 group (Fig. 3A-B). Intriguingly, as illustrated in
Fig. 3C-D, after M0 macrophages were cultivated with the
conditioned medium of PFN1-silencing A549 cells, CD80,
IL-6, IL-1P, and CD68/iNOS expression were increased,
whereas CD163, Arg-1, and CD68/CD206 expression were
decreased (Fig. 3C-D), implying that reduction of PFN1
aggravated proinflammatory M1 macrophage polarization
and suppressed anti-inflammatory M2 macrophage polari-
zation in LUAD cells.

Knockdown of PFN1 Triggers Mitophagy in LUAD
Cells

As depicted in Fig. 4A, the fluorescence intensity of LC3-
FITC and MitoTracker Red were significantly increased
in PEN1-silencing A549 cells, suggesting the existence of
mitophagy by PENI1 deficiency. In addition, knockdown
of PFN1 increased mitochondrial proteins PINK1, Par-
kin expression in the mitochondria, PINK1, Parkin, and
autophagy-associated LC3II/I, Beclin-1 expression in the
cytoplasm of cells while reduced p62 expression (Fig. 4B).

PFN1 Reduction Retards the Initiation of LUAD
Dependent on Activation of Mitophagy

To determine the mechanism of PFN1 associated with
mitophagy in LUAD, mitophagy inhibitor Mdivi-1 was
applied. From CCK-8 assay, it turned out that the reduced
viability of A549 cells due to PFN1 interference was
revived by Mdivi-1 treatment (Fig. 5A). As expected,
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«4Fig.3 Knockdown of PFNI attenuates macrophage polarization
toward M2 in LUAD cells. A RT-qPCR and B immunofluorescence
staining estimated M1 and M2 macrophages markers. **P <(.01,
##4P < 0.001 vs. MO. C RT-qPCR and D immunofluorescence stain-
ing estimated M1 and M2 macrophages markers after silencing of
PENL. n=3. **P<0.01, ***P <0.001 vs. MO (sh-NC)

PEN1 interference depleted the number of formed colonies,
which was then increased by Mdivi-1 (Fig. 5B). Conversely,
Mdivi-1 markedly decreased the apoptotic rate of PFN1-
silencing A549 cells (Fig. 5C), accompanied by decreased
caspase3 content (Fig. 5D). Also, the decreased Ki67,
PCNA, and Bcl-2 expression and the increased Bax expres-
sion caused by PFN1 knockdown in A549 cells were all
partially restored again by Mdivi-1 (Fig. 5E).

PFN1 Reduction Polarizes Macrophages to M1
Phenotype in LUAD Cells Dependent on Activation
of Mitophagy

At the same time, to determine the association between
PEN1 and mitophagy in macrophage polarization during the
process of LUAD, the expression of M1 and M2 macrophage
markers were evaluated again in macrophages stimulated
with the conditioned medium of PFN1-silencing A549 cells
treated by Mdivi-1. From RT-qPCR and immunofluores-
cence staining, the expression of M1 macrophage markers
CD80, IL-6, IL-1p, and CD68/iNOS were up-regulated and
the expression of M2 macrophage markers CD163, Arg-1,
and CD68/CD206 expression were down-regulated in MO
(sh-PFN1) group compared with the M0 (Control) group.
However, CD80, IL-6, IL-1p, and CD68/iNOS expression
were inhibited while CD163, Arg-1, and CD68/CD206
expression were enhanced again in the M0 (Mdiv-1 4 sh-
PFN1) group by contrast with the M0 (sh-PFN1) group
(Fig. 6A-B).

Discussion

LUAD remains a highly heterogenous disease from the clini-
cal and cytogenetic aspect, the carcinogenesis of which may
be driven by the activation of oncogenes and the inactiva-
tion of suppressor genes [25]. As an extensively expressed
protein, PFN1 is related with cellular motility, survival, and
actin remodeling, and has been reported to be overexpressed
in metastatic non-small cell lung cancer tissues [14]. The
major findings of the current research expounded that PFN1
expression was higher in LUAD tissues and cells, and was
correlated with the worse survival of LUAD patients. The
onset of LUAD is characterized by uncontrolled prolifera-
tion and restrained apoptosis. However, the existing studies

have presented the controversial role of PEN1 in cancer cell
proliferation. For instance, PEN1 elevation suppresses cell
proliferation in pancreatic cancer [26] while promotes cell
proliferation in colorectal cancer [27]. In this study, PFN1
interference inhibited the proliferation and colony form-
ing abilities of A549 cells, accompanied by down-regu-
lated expression of proliferation markers Ki67 and PCNA.
Besides, Bcl-2 is a well-recognized anti-apoptotic molecule
in LUAD [28, 29] and Bax and caspase3 are considered as
common pro-apoptotic proteins in LUAD conversely [30,
31]. MiR-330-3p or miR-299-3p has been reported to pro-
mote the apoptosis of colorectal cancer cells via targeting
PFN1 [27, 32]. Intriguingly, deficiency of PFN1 has been
clarified to decrease the percentage of early apoptotic cells
in A549 cells [15]. However, the specific effects of PFN1
on apoptotic proteins in LUAD remain unclear. The experi-
mental results in this study confirmed that PFN1 knockdown
noticeably increased the apoptotic rate of A549 cells. Fur-
ther analysis presented that PFN1 knockdown significantly
increased pro-apoptotic caspase3 activity, reduced anti-
apoptotic Bcl-2 expression and increased pro-apoptotic Bax
expression. All these findings underlined the inhibitory role
of PFN1 knockdown in the occurrence of LUAD.

As reported, multiple cytokines produced by different
cell types are implicated in the tumor microenvironment
(TME) [33]. TME is commonly considered to cause pro-
tumorigenic outcomes by impacting macrophage recruit-
ment and polarization [34]. Tumor-associated macrophages
(TAMs) are abundant immunosuppressive cells infiltrating
the TME [34]. TAMs greatly affect LUAD progression [35],
and targeting TAMs has become one of the most favored
immunotherapy strategies [36]. In tumor microenvironment,
macrophages under stress can be generally converted into
classical activated M1 macrophages and alternatively acti-
vated M2 macrophages [34]. Specifically, M1 macrophages
(CD86, CD80, and iNOS) stimulated by LPS and INF-y
release pro-inflammatory cytokines (e.g., IL-6, IL-1pB) to
play an anti-tumor role, while M2 macrophages (CD163,
CD206, and Arg-1) stimulated by 1L-4 and IL-13 release
pro-tumor cytokines (e.g., [L-4, IL-10, 11.-13) to promote
tumor progression and metastasis [37]. CD68 is consid-
ered as a pan-macrophage marker [38]. Moreover, Zhang
et al. have introduced that PFN1 may modulate macrophage
polarization in colorectal cancer [39]. Consistently, in unpo-
larized macrophages cultured with the conditioned medium
of PFN1-silencing LUAD cells, the expression of M1 mac-
rophage markers including CD80, IL-6, IL-1p, CD68/iINOS
were up-regulated and the expression of M2 macrophage
markers including CD163, Arg-1, CD68/CD206 were down-
regulated here, suggesting the inhibitory role of PFN1 reduc-
tion in M2 macrophage polarization in LUAD cells, which
further testified the tumor-suppressing activities of PFNI
depletion in LUAD.
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Fig.4 Knockdown of PFNI triggers mitophagy in LUAD cells. A
MitoTracker Red and immunofluorescence staining measured mito-
chondria and LC3 colocalization. B Western blotting tested the

Accumulated studies have revealed that mitochondria
dysregulation plays a vital role in cancer progression and
chemoresistance [40-42]. It has also been showed that
mitophagy is often defective in various cancer cells [19]
and targeting key mitophagy-related genes may influence
the development and prognosis of LUAD [43]. Notably,
recent investigation has mentioned that mitophagy is acti-
vated upon PFN1 deficiency [44]. During the process of
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expression of mitochondrial proteins and autophagy-associated pro-
teins. n=3. ¥*P <(.001 vs. sh-NC

mitophagy, autophagosomes are formed following the wrap-
ping of damaged mitochondria with endoplasmic reticulum
membrane, and the subsequent modification of the LC3-I
protein to LC3-1I protein accelerates their fusion with lys-
osomes [45]. The ubiquitin-binding protein p62 degrada-
tion also contributes to the autophagic flux [46]. Beclin-1
cleavage by caspases inactivates autophagy and triggers
the apoptotic cascade by expediting cytochrome C release
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Fig.5 PFNI reduction retards the initiation of LUAD dependent on
activation of mitophagy. A CCK-8 assay detected cell viability. B
Colony formation assay evaluated the colony-forming capacity of
cells. C Flow cytometry analysis estimated cell apoptosis. D Relevant

from mitochondria [47]. In addition, PINK1, a serine/threo-
nine kinase, interacts with Parkin, an E3 ubiquitin ligase,
to target damaged mitochondria to the lysosome for deg-
radation [48]. Our current study demonstrated that PFN1
silencing increased the fluorescence intensity of LC3-FITC
and MitoTracker Red, elevated PINKI, Parkin expression
in the mitochondria, PINK1, Parkin, and LC3II/1, Beclin-1
expression in the cytoplasm of A549 cells while reduced
p62 expression, implying that mitophagy was activated
by interference with PEN1 in LUAD cells. Numerous lit-
eratures have revealed that repressive mitophagy drives
macrophage activation in multiple human diseases, such
as sepsis [49], chronic kidney disease [50], and osteoar-
thritis [51]. The current work also proved that the addition
of mitophagy inhibitor Mdivi-1 partially counteracted the

assay kit examined caspase3 concentration. E Western blotting tested
the expression of proliferation-and apoptosis-related proteins. n=3.
kP <0.001 vs. Control; #P <0.05, #P <0.01, ###P <0.001 vs. sh-
PEN1

effects of PFN1 deletion on the proliferation and apoptosis in
LUAD cells, also evidenced by the increased Ki67, PCNA,
and anti-apoptotic Bcl-2 expression and the decreased pro-
apoptotic Bax expression in PFNI1-silencing LUAD cells.
Also, Mdivi-1 pretreatment decreased the expression of M1
macrophage markers including CD80, IL-6, IL-1p, CD68/
iNOS and increased the expression of M2 macrophage mark-
ers including CD163, Arg-1, CD68/CD206 in macrophages
cultured with the conditioned medium of PFN1-silencing
LUAD cells.
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Fig.6 PFNI reduction polarizes macrophages to M1 phenotype
in LUAD cells dependent on activation of mitophagy. A RT-gPCR
and B immunofluorescence staining estimated M1 and M2 mac-

Conclusion

To be concluded, the activation of mitophagy by PFN1 inhi-
bition may inhibit the occurrence of LUAD via polarizing
macrophages to anti-tumor M1 phenotype. Collectively,
PEN1 may be a therapeutic target in LUAD.
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