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Background: Investigating the pathogenesis of non-small cell lung cancer (NSCLC) is crucial to identify early diagnostic markers
and novel therapeutic targets. Myod family inhibitor (MDFI) has been associated with the occurrence and progression of tumors;
however, its potential role in NSCLC remains uninvestigated. Therefore, this study explores the role of MDFI in NSCLC and its
association with autophagy in disease progression.
Methods: In vitro cellular models and in vivo mouse models were used to assess the impact of MDFI in NSCLC progression.
MDFI knockdown (sh-MDFI) and overexpression (oe-MDFI) cellular models were successfully established. Expression levels
of MDFI were assessed using real-time quantitative polymerase chain reaction (RT-qPCR), while protein levels were analyzed
using Western blot analysis. Cell proliferation, migration, and invasion abilities were determined using clonal formation, 5-
ethynyl-2′-deoxyuridine (EdU), wound healing, and Transwell invasion assays, respectively. For rescue experiments, cells were
subjected to 3-methyladenine (3-MA) treatment for 24 hours. The in vivo xenograft mouse model was established through sub-
cutaneous injection of A549 cells. The expression levels of nuclear proliferation-associated antigen (Ki-67) were evaluated using
immunohistochemistry (IHC).
Results: We observed significantly elevated MDFI expression in NSCLC cells (p < 0.05). MDFI overexpression promoted cell
proliferation, migration, and invasion capabilities (p< 0.05); however,MDFI knockdown suppressed these cellular behaviors (p
< 0.05). MDFI overexpression enhanced the microtubule-associated protein 1 light chain 3 II/I (LC3II/I) ratio and autophagy-
related gene 12 (ATG12) expression, and decreased sequestosome-1 (p62) levels (p < 0.05), while MDFI knockdown showed an
opposite trend (p < 0.05). Furthermore, 3-MA treatment counteracted MDFI overexpression-induced malignant behavior and
autophagy of NSCLC cells (p< 0.05). The tumor experiment revealed that knocking downMDFI suppressed tumor growth and
autophagy in nude mice (p < 0.05).
Conclusion: MDFI modulates NSCLC cell proliferation, migration, and invasion by regulating autophagy, underscoring MDFI
as a potential biomarker and a novel therapeutic target.
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Introduction

Non-small cell lung cancer (NSCLC) is the prevalent
subtype of lung cancer (LC) [1]. The early onset of NSCLC
is often insidious, with most patients exhibiting no typical
clinical symptoms except occasional coughing and short-
ness of breath, resulting in delayed diagnosis and early cu-
rative management [2]. Currently, the treatment of NSCLC
primarily involves a combination of surgical intervention,
radiotherapy, and chemotherapy [3]. However, the thera-
peutic outcomes remain suboptimal in these patients, and
their overall survival rate is poor [4]. Therefore, exploring
the underlyingmechanisms of NSCLC development is clin-
ically crucial for identifying novel therapeutic targets and

improving survival rates and prognosis. Although the spe-
cific mechanism of NSCLC development is yet to be fully
explored, evidence suggests that the abnormalities in the
autophagy system may contribute to its pathogenesis and
metastasis [5].

Autophagy, a highly conserved biological process in
eukaryotic cells, is activated under stress conditions such as
hypoxia, starvation or extreme pH levels to decompose and
recycle damaged or unnecessary cellular components; dis-
ruption of autophagy, whether through deficiency or over-
activation, can result in diverse pathological conditions [6].
In cancer, autophagy plays a dual role, serving both as a
tumor suppressor and a promoter [7]. Autophagy can in-
hibit tumor initiation and progression by degrading abnor-
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mal cellular components or inducing a non-apoptotic path-
way [8,9]. Additionally, it can also facilitate tumor cell pro-
liferation, invasion, and metastasis [8,9]. In terms of tumor
drug resistance, autophagy may support tumor-induced im-
mune escape or enhance antitumor responses through in-
teractions with components of the innate and acquired im-
mune systems [10,11]. Growing evidence indicates that
targeting autophagy could be a promising therapeutic op-
tion for NSCLC [12]. However, the relationship between
autophagy and NSCLC is complex, and the function of
autophagy is different in different tumor stages [5], high-
lighting the need to investigate its regulatory mechanism in
NSCLC development. A comprehensive understanding of
these underlying regulatory mechanisms could provide in-
sights into novel clinical interventions.

Myod family inhibitor (MDFI) contains a highly con-
served cysteine-rich domain [13]. Although MDFI plays
a crucial role in embryonic development, bone and mus-
cle formation, and tumor progression, its precise biological
function is not fully understood [14,15]. MDFI is upreg-
ulated in many cancer types, including gastric, pancreatic,
colorectal, breast, ovarian, and prostate cancers [16], and
has been associated with the initiation and progression of
gastric and colorectal cancers [17,18]. However, there is
limited research on MDFI in NSCLC. Bioinformatics anal-
ysis has revealed that high MDFI expression is associated
with poor prognosis in lung adenocarcinoma (LUAD) pa-
tients, indicating its potential as a prognostic marker [19].
However, the specific role and underlying mechanisms of
MDFI in NSCLC pathogenesis remain incompletely under-
stood.

To date, the role of MDFI and its relationship with
autophagy in NSCLC have not been comprehensively ex-
plored. Therefore, this study investigates the role of MDFI
and its association with autophagy in NSCLC progression,
aiming to offer an experimental basis for potential clinical
applications in managing NSCLC.

Materials and Methods

Cell Culture
Human bronchial epithelial cells (16HBE (YS003C))

were obtained from YaJi Biological (Shanghai, China),
while human NSCLC lines A549 (CL-0016), H1299 (CL-
0165), and HCC827 (CL-0094) were purchased from
Pricella (Wuhan, China). These cell lines were cul-
tured in Roswell Park Memorial Institute 1640 (RPMI
1640) medium containing 10% fetal bovine serum (FBS;
PM150110B, Procell, Wuhan, China) and 1% penicillin-
streptomycin (CSH9024, Chemstan, Wuhan, China). All
cell lines were authenticated using short tandem repeat
profiling and examined for contamination employing my-
coplasma testing.

Short hairpin RNA targeting MDFI (sh-MDFI) and
a negative control (sh-NC) lentiviral particles, along with

MDFI overexpression plasmid (oe-MDFI) and correspond-
ing control (oe-NC), were obtained from GenePharma
(Shanghai, China). Lentiviral constructs (pLVX) for sh-
NC and sh-MDFI were obtained from Sangon (Shanghai,
China). Lentiviruses were transfected into cells following
the manufacturer’s protocols. Stable knockdown cells were
selected employing puromycin (P8230, Solarbio, Beijing,
China). Transfection of oe-MDFI and oe-NC plasmids was
performed using Lipofectamine 2000 (11668019, Thermo
Fisher Scientific, Waltham, MA, USA), and transfection ef-
ficiency was evaluated 48 hours after transfection.

Additionally, for rescue experiments, cells were
treated with 5 mM 3-methyladenine (3-MA, MCE, HY-
19312, Shanghai, China) for 24 hours. Cells were di-
vided into the following groups: control (untreated A549
or HCC827 cell lines), sh-NC, oe-NC, sh-MDFI, oe-
MDFI, oe-MDFI+dimethyl sulfoxide (DMSO, 67-68-5,
Sinopharm, Shanghai, China), and oe-MDFI+3-MA. The
nucleotide sequences of oe-NC and oe-MDFI were given
in the Supplementary file, while the targeting sequences
of sh-NC and sh-MDFI were as follows:

sh-MDFI: Sense: 5′-
GCAAGAAGAGTAAGAGCAGCA-3′, Antisense:
5′-TGCTGCTCTTACTCTTCTTGC-3′; sh-NC: Sense:
5′-ACATCGGCAGGGAAAAGAGAA-3′, Antisense:
5′-TTCTCTTTTCCCTGCCGATGT-3′.

Real-time Quantitative Polymerase Chain Reaction
(RT-qPCR)

The RT-qPCR assay was performed using a previ-
ously described protocol [20]. Total RNA was extracted
using TRIzol reagent (15596-018, Invitrogen, Carlsbad,
CA, USA). Purity and concentration of RNA were deter-
mined by measuring absorbance at A260 nm and A280 nm
employing a spectrophotometer (Nanodrop 2000, Thermo
Fisher Scientific, Waltham, MA, USA). Total RNA was
converted into cDNA using a reverse transcription kit
(18064-014, Invitrogen, Carlsbad, CA, USA). RT-qPCR
was performed using the cDNA as the template with a
SYBR-Green PCR kit (SR4110, Solarbio, Beijing, China)
on a PCR system (ABI 7500, Foster, CA, USA). Relative
expression levels of target genes were calculated using the
2−∆∆Ct method, with glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) serving as an internal reference. The
primers used in RT-qPCR were as follows:

MDFI:
Forward: 5′-CCACCGGAAGTTGCAGACA-3′;
Reverse: 5′-GGAACTCGCAGAACAGGCA-3′;
GAPDH :
Forward: 5′-GAGCCACATCGCTCAGACACC-3′;
Reverse: 5′-TGACAAGCTTCCCGTTCTCAGC-3′.

Western Blotting
Western blotting was conducted following a previ-

ously described protocol [21]. Total proteins were extracted
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Fig. 1. Expression of MDFI in NSCLC cells. (A–C) Elevated MDFI expression in NSCLC cell lines (n = 3). (D–I) MDFI expression
levels in NSCLC cells after MDFI knockdown or overexpression (n = 3). **p < 0.01, ****p < 0.0001, compared to the 16HBE group.
####p < 0.0001, compared to the sh-NC or oe-NC group. NSCLC, non-small cell lung cancer; MDFI, Myod family inhibitor; sh, short
hairpin; NC, negative control; oe, overexpression. The control group represents the untreated A549 or HCC827 cell lines.

using radio-immunoprecipitation assay lysate (P0013B,
Beyotime, Shanghai, China) and subsequently quanti-
fied by employing the bicinchoninic acid kit (P0010S,
Beyotime, Shanghai, China). Equal amounts of pro-
teins (30 µg) were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred onto
polyvinylidene fluoride (PVDF) membranes (IPVH00010,
Millipore, Boston, MA, USA). The membrane was blocked
with 5% skim milk and incubated overnight at 4 °C with
the following primary antibodies: anti-MDFI (1:1000,
A13709, ABclonal, Wuhan, China), anti-autophagy-related
gene 12 (ATG12) (1:1000, 2010, CST, Danvers, MA,
USA), anti-microtubule-associated protein 1 light chain 3
(LC3) (1:1000, 2775, CST, Danvers, MA, USA), anti-
sequestosome-1 (p62) (1:1000, 8025, CST, Danvers, MA,
USA), and anti-β-actin (1:1000, 4967, CST, Danvers, MA,
USA). The next day, the membranes were incubated with
horseradish peroxidase (HRP)-conjugated secondary anti-
body (1:2000, 7074, CST, Danvers, MA, USA) for 1 hour
at room temperature. Protein bands were developed using

enhanced chemiluminescence reagent (P0018M, Beyotime,
Shanghai, China) and observed under a luminescent image
analyzer (5200, Tanon, Shanghai, China). Gray values of
these bands were quantified using Image J software (ver-
sion 1.8, NIH, Rockville, MD, USA).

5-Ethynyl-2′-deoxyuridine (EdU) Assay
EdU assay was performed using a previously de-

scribed method [22]. Cells were seeded in 24-well plates
at a density of 5 × 104 cells/well and incubated for 24
hours. EdU working solution (C0075S, Beyotime, Shang-
hai, China) was mixed with a complete medium and added
to each group. Following incubation, cells were fixed
with 4% paraformaldehyde (P0099, Beyotime, Shanghai,
China) for 15 minutes. After this, a permeabilization buffer
(P0097, Beyotime, Shanghai, China) was added and in-
cubated again for 15 minutes. Then the cells were in-
cubated with the Apollo reaction solution in the dark for
30 minutes, followed by staining with 4′,6-diamidino-2-
phenylindole (DAPI, C0065, Solarbio, Beijing, China) for
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Fig. 2. Impact ofMDFI knockdown on A549 cell proliferation. (A,B) Effect of MDFI knockdown on cell colony forming ability (n
= 3). (C,D) Effect of MDFI knockdown on cell proliferation detected through EdU method (scale bar: 50 µm, magnification: 200×) (n
= 3). ##p < 0.01, ###p < 0.001, compared to the sh-NC group. DAPI, 4′,6-diamidino-2-phenylindole; EdU, 5-Ethynyl-2′-deoxyuridine.

10 minutes. Stained cells, the DAPI state (blue) and fluo-
rescent EdU (red), were observed using a fluorescence mi-
croscope (FSX100, Olympus, Tokyo, Japan) in the dark.
Finally, EdU-positive cells were quantified, and the prolif-
eration rate was determined as follows: EdU-positive cells
(%) = (Number of EdU cells/total number of DAPI-stained
cells) × 100%.

Colony Formation Assay

Colony formation assay followed a previously pub-
lished method [23]. Cells were seeded in 6-well plates at
a density of 1 × 103 cells/well and incubated for 14 days.
After that, cells were fixed with 4% paraformaldehyde and
stained with crystal violet solution (C8470, Solarbio, Bei-
jing, China). Stained cell colonies were photographed using
a digital camera (CKX53, Olympus, Tokyo, Japan).

Wound Healing Assay

As previously described [24], cells were inoculated
into 6-well plates and allowed to reach confluence. Ver-

tical scratches were created in the cell monolayer using a
sterilized 100 µL pipette tip, and the detached cells were
gently washed away. After 24 hours of incubation under
standard culture conditions, the migration distance of the
scratches (wound) was examined using Image J software
(version 1.8, NIH, Rockville, MD, USA) to evaluate cell
migration capability. The wound healing rate was deter-
mined as follows: Healing rate (%) = (Width 0 h – Width
24 h)/Width 0 h × 100%.

Transwell Assay
The Transwell assay followed a previously described

protocol [25]. A 60 µL of matrix glue (Matrigel), diluted in
serum-free medium at a ratio of 1:4, was added to the upper
layer of the Transwell chamber (3413, Corning, Corning,
NY, USA) and allowed to coagulate. Subsequently, 200 µL
of cell suspension (1 × 105 cells/mL) was added to the up-
per layer, while 700 µL of complete medium was added to
the lower compartment as a chemoattractant. After 48 hours
of incubation, the cells were fixed with 4% paraformalde-
hyde and stained with crystal violet. The number of cells
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Fig. 3. Impact ofMDFI overexpression on HCC827 cell proliferation. (A,B) Effect ofMDFI overexpression on cell colony forming
ability (n = 3). (C,D) The effect of MDFI overexpression on cell proliferation was detected by the EdU method (scale bar: 50 µm,
magnification: 200×) (n = 3). #p < 0.05, ####p < 0.0001, compared to the oe-NC group.

that migrated across the membrane was observed under a
microscope (BX53, Olympus, Japan) and quantified using
Image J software (version 1.8, NIH, Rockville, MD, USA).

Establishing a Xenograft Model
The Xenograft model was established using a previ-

ously described protocol [26]. Nine female BALB/c nude
mice (4 to 5 weeks old and weighing 18–20 g) were pur-
chased from Beijing Vital River Laboratories (SCXK (Jing)
2021-0011). Mice were housed in a semi-barrier environ-
ment under constant temperature and humidity, with ac-
cess to sterilized food and water. Mice were randomly
divided into 3 groups (n = 3): control (A549 cells), sh-
NC (A549 cells transfected with negative control shRNA),
and sh-MDFI (A549 cells transfected withMDFI-targeting
shRNA).

Each mouse was administered with 2 × 106 cells in-
jected into the right axillary region. They were monitored
daily for activity, food, water intake, and symptoms of tu-
mor development. A localized wheal was observed at the

site of injection shortly after inoculation. One week af-
ter the injection, visible subcutaneous nodules were found
in all mice. By day ten, palpable masses with irregular
shapes and well-defined boundaries (diameter) protruded
from the skin, indicating successful establishment of the
NSCLC xenograft model.

Mice were euthanized by cervical dislocation at week
four, and tumors were carefully excised. Tumors were
weighed, photographed, and their volumes were calculated
as follows:

V = (L×W2)/2, where V is tumor volume, L is tumor
length, and W is tumor width.

Immunohistochemistry (IHC)
Tumor tissues obtained from mice were fixed, dehy-

drated, embedded in paraffin, and sectioned 5 µm-thick
slices, which were stored at room temperature or 4 °C.
After baking, dewaxing, hydration, and antigen repair
via microwave heating, the sections were incubated in a
0.3% H2O2 solution (H48022, IPODIX, Wuhan, China)
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Fig. 4. Impact of MDFI silencing on A549 cell migration and invasion. (A,B) Cell migratory ability was detected using a wound
healing assay (scale bar: 500 µm, magnification: 40×) (n = 3). (C,D) The invasion ability was assessed using the Transwell assay (scale
bar: 50 µm, magnification: 200×) (n = 3). ###p < 0.001, ####p < 0.0001, compared to the sh-NC group.

for 25 minutes in the dark at room temperature to block
endogenous peroxidase. After that, these sections were
blocked with 30% goat serum (C0265, Beyotime, Shang-
hai, China) and incubated overnight at 4 °C with anti-Ki-
67 antibody (Ki-67, nuclear proliferation-associated anti-
gen; 1:500, A20018, ABclonal, Wuhan, China). After
washing, tissue sections were incubated with an appro-
priate secondary antibody (RK50015, ABclonal, Wuhan,
China). Then the sections were stained using DAB chro-
mogenic solution (DA1010, Solarbio, Beijing, China), fol-
lowed by counterstaining with hematoxylin (C0107, Be-
yotime, Shanghai, China). After that, the tissue sections
were sequentially dehydrated in a gradient of ethanol and
cleared in xylene. Once air-dried, the tissue section was
mounted using neutral resin. Expression of Ki-67 was ob-
served under a light microscope (BX51T-72F, Olympus,
Japan), and staining results were evaluated using a double-
scoring method. The presence of brownish-yellow nuclear
granules was considered indicative of positive staining. A
sample with more than 10% of nuclear positivity was con-
sidered to exhibit positive Ki-67 expression.

Statistical Analysis
Statistical analysis was conducted using GraphPad

Prism software (version 8.0, GraphPad Software, San

Diego, CA, USA). Data were expressed as mean ± stan-
dard deviation. One-way analysis of variance followed by
Tukey’s post hoc test was used for comparisons amongmul-
tiple groups, while an unpaired t-test was applied for com-
parison between two groups. All experiments were per-
formed in triplicate (n = 3), and a p-value of <0.05 was
considered statistically significant.

Results

Expression of MDFI in Human NSCLC Cells
MDFI mRNA expression was significantly elevated

in NSCLC cell lines compared to 16HBE cells (Fig. 1A)
(p < 0.05), and a similar trend was observed at the pro-
tein level (Fig. 1B,C, p< 0.05). Overall, MDFI expression
levels in NSCLC cells differed significantly from those in
normal 16HBE (Fig. 1A–C, p< 0.05). Among NSCLC cell
lines, MDFI expression was highest in A549 and lowest in
HCC827 (Fig. 1A–C, p < 0.05). Based on these results,
A549 and HCC827 cells were selected for subsequent func-
tional assays.

To investigate the role of MDFI in NSCLC progres-
sion, a series of cell function experiments were conducted
by overexpressing the MDFI gene in HCC827 cells and
knocking down the MDFI gene in A549 cells. Transfec-
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Fig. 5. Impact ofMDFI overexpression on HCC827 cell migration and invasion. (A,B) Cell migratory ability was detected using a
wound healing assay (scale bar: 500 µm, magnification: 40×) (n = 3). (C,D) The invasion ability was determined using the Transwell
assay (scale bar: 50 µm, magnification: 200×) (n = 3). ##p < 0.01, ####p < 0.0001, compared to the oe-NC group.

tion with sh-MDFI effectively reducedMDFI expression in
A549 cells (Fig. 1D–F, p < 0.05), while transfection with
oe-MDFI substantially elevated its level in HCC827 cells
(Fig. 1G–I, p < 0.05). These findings indicate the suc-
cessful modulation of MDFI expression levels in these cell
lines.

MDFI Expression Modulates NSCLC Cell
Proliferation

MDFI knockdown significantly decreased the num-
ber of cell clones, while MDFI overexpression led to an
increase in colony formation (Fig. 2A,B, Fig. 3A,B, p <

0.05). Similarly, the percentage of EdU-positive cells re-
duced after MDFI knockdown and increased with MDFI
overexpression (Fig. 2C,D, Fig. 3C,D, p < 0.05). These
results indicate that MDFI upregulation promotes NSCLC
cell proliferation.

MDFI Overexpression Promotes NSCLC Cell
Migration and Invasion

The impact of MDFI on NSCLC cell migration and
invasion was further assessed. MDFI knockdown sub-
stantially inhibited the migratory capability of NSCLC
cells, whereas its overexpression increased cell migration

(Fig. 4A,B, Fig. 5A,B, p < 0.05). Similarly, MDFI knock-
down suppressed the invasion ability of NSCLC cells, while
its overexpression led to increased invasion (Fig. 4C,D,
Fig. 5C,D, p < 0.05).

MDFI Regulates Autophagy in NSCLC Cells
Interestingly, analysis using the HitPredict database

(https://www.hitpredict.org/interaction.php?Value
=296750) indicated a potential interaction between
MDFI and ATG12. To investigate whether MDFI impacts
autophagy in NSCLC cells, the expression levels of
crucial autophagy-related proteins were assessed in cells
with altered MDFI expression. Findings revealed that
MDFI knockdown led to a decrease in the microtubule-
associated protein 1 light chain 3II/I (LC3II/I) ratio and
ATG12 expression, along with an increase in the p62 level
(Fig. 6A–D, p < 0.05). In contrast, MDFI overexpression
resulted in an increased LC3II/I ratio and ATG12 expres-
sion, accompanied by a decreased p62 level (Fig. 6E–H,
p < 0.05). These results indicate that MDFI may promote
autophagy in NSCLC cells.
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Fig. 6. Impact of MDFI expression levels on autophagy in NSCLC cells. (A–D) ATG12, p62, and LC3II/I expression and statistical
graph in NSCLC cells with MDFI knockdown (Western blot analysis; n = 3). (E–H) ATG12, p62, and LC3II/I expression and statistical
graph in NSCLC cells with MDFI overexpression (Western blot analysis; n = 3). #p < 0.05, ###p < 0.001, ####p < 0.0001, compared
to the sh-NC or oe-NC group. ATG12, autophagy-related gene 12; LC3II/I, microtubule-associated protein 1 light chain 3II/I; p62,
sequestosome-1.
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Fig. 7. Impact of 3-MA treatment on the proliferation ofMDFI-overexpressing HCC827 cells. (A,B) 3-MA treatment inhibited the
increase in colony formation induced by MDFI overexpression (n = 3). (C,D) 3-MA treatment suppressed the increase in EdU-positive
rate induced by MDFI overexpression (scale bar: 50 µm, magnification: 200×) (n = 3). ####p < 0.0001, compared to the oe-NC group.
^p < 0.05, ^^^^p < 0.0001, compared to the oe-MDFI+DMSO group. 3-MA, 3-methyladenine; DMSO, dimethylsulfoxide.

MDFI Promotes the Malignant Behavior of NSCLC
Cells by Regulating Autophagy

To examine whether MDFI promotes the malignant
behavior of NSCLC cells through autophagy, rescue experi-
ments were performed using 3-MA, an autophagy inhibitor.
Treatment with 3-MA substantially decreased the prolifera-
tion, wound healing capacity, and invasion ability induced
by MDFI overexpression in NSCLC cells (Figs. 7,8, p <

0.05). Moreover, MDFI-induced increase in the LC3II/I
ratio and ATG12 expression, along with a decrease in p62
levels, was reversed by 3-MA treatment (Fig. 9, p < 0.05).
These observations suggest that the pro-malignant behav-
ior of MDFI overexpression in NSCLC cells is mediated
through autophagy.

MDFI Knockdown Inhibits the Malignant
Progression of NSCLC In Vivo

Based on the findings of cellular experiments, we as-
sume that MDFI knockdown inhibits the progression of
NSCLC by inhibiting autophagy and malignant cellular be-
haviors. To ensure experimental rigor and validate these
results in vivo, tumor xenograft assays were performed in
nude mice. MDFI knockdown (sh-MDFI) significantly de-
creased tumor growth, as evidenced by reduced tumor vol-
ume and weight (Fig. 10A–C, p < 0.05). Furthermore, the
Ki-67 positivity rate was substantially reduced in the sh-
MDFI group compared to the sh-NC group (Fig. 10D,E, p<
0.05). Consistent with in vitro findings,MDFI knockdown
resulted in a decreased LC3II/I ratio and ATG12 expres-
sion along with increased p62 level in mouse tumor tissue
(Fig. 10F–I, p < 0.05).
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Fig. 8. Impact of 3-MA treatment on the migration and invasion ofMDFI-overexpressing HCC827 cells. (A–D) 3-MA treatment
suppressed an increase in cell migration (scale bar: 500 µm, magnification: 40×) and invasion (scale bar: 50 µm, magnification: 200×)
induced by MDFI overexpression (n = 3). ###p < 0.001, ####p < 0.0001, compared to the oe-NC group. ^p < 0.05, ^^^^p < 0.0001,
compared to the oe-MDFI+DMSO group.

Discussion

NSCLC is a general term for all malignant tumors
originating from the bronchial mucosa epithelium or lung
glands, excluding small-cell lung cancer [27]. The known
risk factors for NSCLC include smoking, exposure to cook-
ing oil fumes, environmental pollution, a family history of
LC, chronic lung diseases, and occupational exposure to
carcinogens [28]. Although advances in health sciences
have improved the prevention, clinical diagnosis, and treat-
ment of NSCLC, the underlying molecular mechanisms
of the disease remain unclear, and current treatment ap-
proaches still have significant limitations. Most NSCLC
patients experience a high recurrence rate and metastasis
after conventional treatment [29]. Hence, exploring the
molecular mechanisms underlying NSCLC progression is
crucial for enhancing diagnostic and treatment strategies.

MDFI plays a crucial role across various tissues and
species; however, there are limited studies on its involve-

ment in cancer [30]. While initially considered a tumor sup-
pressor in tumorigenesis [31], growing evidence indicates
that MDFI may show oncogenic properties in certain can-
cer types. Increased MDFI expression has been reported
in colorectal cancer (CRC) and gastric cancer (GC) tissues
[16–18]. In GC, elevated MDFI expression levels are as-
sociated with poor prognosis, and MDFI knockdown has
been observed to inhibit Helicobacter pylori-induced cell
proliferation and glycolysis [18]. Similarly, in CRC, MDFI
stimulates HCT116 cell growth [16] and promotes cell pro-
liferation and chemoresistance by interacting with integrin
subunit beta 4 (ITGB4)/laminin subunit beta 3 (LAMB3) to
activate the AKT signaling pathway [17]. These investiga-
tions indicate that MDFI may function as a tumor promoter
in GC and CRC.

Furthermore, MDFI has been highly expressed in
LUAD and is presumed to be associated with tumor pro-
liferation and metastasis [19]. However, the functional
role and underlying mechanism of MDFI in NSCLC pro-
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Fig. 9. 3-MA counteracted the impact ofMDFI overexpression on the autophagy-related protein expression in HCC827 cells. (A)
Western blot analysis of ATG12, p62, and LC3II/I expression levels (n = 3). (B–D) Graphical presentation of ATG12 and p62 expression,
and LC3II/I ratio (n = 3). ####p < 0.0001, compared to the oe-NC group. ^^p < 0.01, ^^^^p < 0.0001, compared to the oe-MDFI+DMSO
group.

gression remain largely unexplored. In our study, we ob-
served a significant increase in the expression of MDFI in
NSCLC cells. To further uncover its function, MDFI was
both knocked down and overexpressed in NSCLC cells. We
found that MDFI promotes malignant behaviors in NSCLC
cells, aligningwith its previously reported tumor-enhancing
role in GC and CRC [16–18]. These findings suggest that
MDFI may serve as an oncogene in NSCLC progression
and could represent a potential therapeutic target.

Autophagy is a cellular self-degradation process that
plays a critical role in maintaining intracellular homeosta-
sis [32]. Dysfunction of autophagy has been associated
with the pathogenesis of various clinical conditions, includ-
ing cancer, cardiovascular diseases, respiratory problems,
and neurodegenerative disorders [33]. The LC3-Ⅱ/Ⅰ ratio
is a widely recognized marker that can directly reflect au-
tophagic activity [34]. Conversely, the accumulation of p62
protein is negatively correlated with autophagy activity; its
levels decrease when autophagy is increased [35]. Further-
more, ATG12, a critical regulator in the autophagy path-
way, is crucial for autophagosome formation and overall
autophagic modulation [36]. Through bioinformatic anal-
ysis using the HitPredict database, we observed a potential

interaction betweenMDFI and ATG12. Furthermore, to ex-
plore whether MDFI expression impacts NSCLC progres-
sion through autophagy, the expression levels of p62 and
ATG12, along with the LC3Ⅱ/Ⅰ ratio, were assessed. Anal-
ysis revealed thatMDFI knockdown decreased the LC3II/I
ratio and reduced the expression levels of ATG12, alongside
increasing the p62 expression. In contrast, MDFI overex-
pression showed an opposite trend. Interestingly, treatment
with 3-MA reversed the effects of MDFI overexpression
on malignant behavior and autophagy marker proteins in
NSCLC cells. Additionally, to validate these observations
in vivo, tumor formation experiments were performed in
nude mice. Ki-67, a well-known marker of cell prolifer-
ation, has been associated with tumor growth, recurrence,
and metastasis [37–39]. In our study, tumor volume, tu-
mor weight, and Ki-67 expression levels were substantially
reduced in theMDFI knockdown group, suggesting inhibi-
tion of tumor growth. Consistent with in vitro results, tu-
mors from the MDFI knockdown group showed decreased
LC3II/I ratio and ATG12 expression, along with increased
p62 levels. Overall, these findings support the oncogenic
role of MDFI in NSCLC progression, possibly mediated by
its effect on autophagy.
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Fig. 10. Impact ofMDFI on tumor formation in vivo. (A) Anatomical gross images of tumor tissue from the nude mouse tumorigenesis
experiment (n = 3). (B,C) Statistical analysis of tumor volume and weight in each group (n = 3). (D,E) The expression levels of Ki-67
protein were assessed using immunohistochemistry (scale bar: 50 µm, magnification: 20×) (n = 3). (F) Expression levels of ATG12,
p62, and LC3II/I (Western blot analysis, n = 3). (G–I) Graphical presentation of ATG12 and p62 expression, and LC3II/I ratio (n = 3).
##p < 0.01, ####p < 0.0001, compared to the sh-NC group. Ki-67, nuclear proliferation-associated antigen.

This study assessed the regulatory role of MDFI in
NSCLC and found that MDFI promotes malignant behav-
ior in NSCLC cells, likely through the regulation of au-
tophagy. However, this study also has certain limitations.
Due to limited funding and the unavailability of experi-
mental resources and patient samples, this study was con-
fined to in vitro cellular models and in vivo nude mouse
models. Further investigation involving patient samples
is needed to validate the role of MDFI in NSCLC and
explain its potential mechanisms. Although the impact
of MDFI on NSCLC cell proliferation, migration, inva-
sion, and autophagy was confirmed, the specific molecu-
lar mechanisms by which MDFI regulates autophagy are
yet to be fully explored. Our bioinformatic analysis us-
ing the HitPredict database demonstrated potential interac-
tion between MDFI and ATG12; however, our study did
not experimentally confirm the nature of this interaction
in the context of autophagy modulation. Previous stud-
ies have shown that ATG12 is regulated by various factors
during cancer-associated autophagy, such as miRNAs, the
Wiskott-Aldrich protein family, the epidermal growth fac-
tor receptor, and circular RNAs [40–44]. Moreover, studies

have found thatMDFI regulates cancer progression through
the AKT and the Wnt/β-catenin signaling pathway [17,18],
which are known to play a crucial role in autophagy regu-
lation [45–47]. Based on these observations, we infer that
MDFI may impact autophagy in NSCLC through interme-
diates, such as ATG12 or AKT, and the Wnt/β-catenin sig-
nal pathway. Future studies with improved experimental
conditions should experimentally validate these assump-
tions and elucidate the precise molecular mechanisms of
MDFI underlying NSCLC. Furthermore, with access to a
larger cohort of clinical specimens, the diagnostic and prog-
nostic significance of MDFI expression in NSCLC patients
would be further explored.

Conclusion

In summary, this study reveals that the upregulation
of MDFI enhances autophagy and promotes the malignant
progression of NSCLC cells. The findings offer a compre-
hensive understanding of NSCLC pathogenesis and under-
score MDFI as a potential biomarker and therapeutic target.
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