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Abstract

Background: Lung adenocarcinoma (LUAD) is one of the most common malignant
tumors and poses a serious threat to patient health and survival. Leucine-rich repeat-
containing protein 15 (LRRC15) has been reported to act as a promoter in certain cancers,
and importantly, its expression has been found to be elevated in LUAD. Methods:
Protein expression was examined using immunohistochemistry (IHC, n = 6 for tissues)
and Western blotting. Cell survival rate (%) and half-maximal inhibitory concentration
(IC50) were assessed using the Cell Counting Kit (CCK)-8 assay. Cell proliferation
was evaluated through colony formation assays. Results: LRRC15 expression was
significantly upregulated in LUAD tissues and cell lines, and was associated with
poor prognosis. Knockdown of LRRC15 inhibited cell proliferation, and suppression
of LRRC15 reduced cisplatin resistance by limiting autophagy. Furthermore, it was
demonstrated that LRRC15 promoted autophagy through activation of Unc-51-like
autophagy-activating kinase 1 (ULK1). Conclusions: These findings indicate that
LRRC15 may enhance both proliferation and chemoresistance of LUAD cells by
triggering ULK 1-mediated autophagy. Therefore, LRRC15 may represent a potential
therapeutic target for improving LUAD treatment outcomes.
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1. Introduction

Lung cancer remains the leading cause of cancer-related mor-
tality worldwide, with lung adenocarcinoma (LUAD) repre-
senting the most common histological subtype and accounting
for approximately 40% of all lung cancer deaths [ 1-3]. Despite
advances in diagnostic and therapeutic strategies, a consider-
able proportion of LUAD cases remain incurable [4], and this
poor prognosis is largely attributable to late-stage diagnosis
and the frequent emergence of resistance to pharmacological
therapies [5]. Therefore, identifying reliable biomarkers and
developing effective therapeutic strategies have become urgent
priorities in LUAD research.

Leucine-rich repeat-containing protein 15 (LRRCI15) is a
membrane-associated protein that participates in intercellular
and cell-matrix interactions [6]. Accumulating evidence indi-
cates that LRRC15 exerts tumor-promoting effects in several
malignancies. For instance, LRRCI15 has been shown to
facilitate metastasis in ovarian cancer by activating the 51-
integrin/Focal Adhesion Kinase (FAK) signaling pathway [7].
In triple-negative breast cancer, LRRC15 enhances cell migra-
tion and invasion by activating the Wnt/3-catenin pathway [8].
Moreover, LRRC15 antibody-drug conjugates can improve os-
teosarcoma progression [9]. Importantly, LRRC15 expression
has been found to be significantly elevated in LUAD [10], al-

though its functional role in the progression of this malignancy
remains poorly understood. Autophagy, a conserved cellular
degradation and recycling mechanism, plays an essential role
in sustaining metabolic homeostasis and removing damaged
organelles, thereby supporting tumor cell growth and survival
[11, 12]. Although autophagy-targeted strategies have been
introduced into clinical settings, the underlying regulatory
mechanisms remain incompletely defined in many cancers,
including LUAD [13].

The present study was designed to investigate the regulatory
role of LRRC15 in autophagy in LUAD cells and reveal,
for the first time, that LRRCI15 could promote LUAD cell
proliferation and chemoresistance by activating Unc-51-like
autophagy-activating kinase 1 (ULK1)-mediated autophagy,
providing novel insights into the potential of LRRC15 as a
therapeutic target for improving outcomes in LUAD.

2. Materials and methods

2.1 LUAD patients

LUAD patients (n = 57) were enrolled from October 2023—
February 2025 at Jiangyin People’s Hospital. The obtained
information from LUAD patients were recorded in Table 1.
LUAD tumor tissues (n = 6) and matched adjacent normal
tissues (n = 6) were collected from LUAD patients undergoing
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TABLE 1. Correlation between LRRC1S5 expression and clinical characteristics of patients with LUAD.

Cases High Low
Variables (n=57, %) n =27, %) (n=30, %) x> p
Age (yr)
>55 27 47.37 15 55.56 12 40.00
1.379 0.240
<55 30 52.63 12 44 .44 18 60.00
Gender
Male 31 54.39 15 55.56 16 53.33
0.028 0.866
Female 26 45.61 12 44 .44 14 46.67
T stage
T1 28 49.12 19 70.37 9 30.00
T2 17 29.82 6 22.22 11 36.67
10.284 0.016
T3 7 12.28 3.70 6 20.00
T4 5 8.77 1 3.70 13.33
N stage
NO 24 42.11 18 66.67 6 20
N1 23 40.35 18.52 18 60 13.628 0.001
N2 10 17.54 4 14.81 6 20
TNM stage
I 15 26.32 13 48.15 2 6.67
11 26 45.61 10 37.04 16 53.33 13.330 0.001
111 16 28.07 4 14.81 12 40.00

LUAD patients were enrolled from Jiangyin People’s Hospital to participate in the study. T: Tumor, N: Node;, TNM: Tumor Node

Metastasis.

treatment at Jiangyin People’s Hospital for IHC assay.

Written informed consent was obtained from all participants.
The study was performed in compliance with the Helsinki
Declaration and approved by the Ethics Committee of the
Affiliated Jiangyin Clinical College of Xuzhou Medical Uni-
versity (Approval no. 2024-154).

2.2 IHC assay

Paraffin-embedded tumor (n = 6) and normal tissues (n = 6)
were sectioned at a thickness of 4 ym, followed by dewaxing
and rehydration. After blocking, the sections were incubated
with a primary antibody against LRRC15 (1:1000; ab150376;
Abcam, Shanghai, China) for 12 h, and subsequently with
a secondary antibody (1:1000; ab6721; Abcam, Shanghai,
China) for 2 h. The antigen-antibody complex was visualized
using 3,3’-Diaminobenzidine (DAB) staining, and nuclei were
counterstained with hematoxylin. Stained sections were ex-
amined and imaged using a light microscope (L200, Nikon,
Tokyo, Japan).

2.3 Cell lines and cell culture

Human Embryonic Kidney (HEK)293 cells and LUAD cell
lines (A549 and H1975) were purchased from the American
Type Culture Collection (ATCC, USA). All cells were cultured
in Dulbecco’s Modified Eagle’s Medium (DMEM) (11965084,
Gibco, Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum, and maintained in an incubator at 37 °C with

5% COs. For drug treatment, cells were exposed either to
Retinoic Acid (RA, an autophagy activator, 50 nM; S1039,
Selleck Chemicals, Shanghai, China) to induce autophagy or
to LYN-1604 (an effective and selective agonist of ULK1, 2
uM; S8597, Selleck Chemicals, Shanghai, China) to activate
ULKI1.

2.4 Cell transfection

Small interfering RNAs (siRNAs) targeting LRRC15 (si-
LRRCI15) and the corresponding negative Control (si-NC)
were purchased from GenePharma company (Shanghai,
China). Transfections were performed using Lipofectamine
2000 (11668019, Invitrogen, Carlsbad, CA, USA) following
the manufacturer’s instructions.

2.5 Western blot

Proteins extracted from LUAD cells were separated by 10%
Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE) and transferred to Polyvinylidene Fluoride
(PVDF) membranes (Beyotime, Shanghai, China). After
blocking, the membranes were incubated with primary
antibodies, then with Horseradish Peroxidase (HRP)-
conjugated secondary antibody (1:1000; ab7090). After 2 h of
incubation, the corresponding protein bands were visualized
using an enhanced chemiluminescence detection kit (89880,
Thermo Fisher Scientific, Inc., Waltham, MA, USA).

The primary antibodies used were: LRRC15 (1:1000;



ab150376; Abcam, Shanghai, China), Microtubule-associated
protein 1A/1B-light chain 3B (LC3B, 1:2000; ab192890),
Beclin (1:2000; ab207612), p62 (1:5000; ab109012), p-
ULK1 (1:5000; ab133747), ULK1 (1:1000; abl167139),
and Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH,
1:1000; ab8245).

2.6 CCK-8 assay

LUAD cells were seeded into 96-well plates, and 10 L of Cell
Counting Kit (CCK-8) solution (CK04, Dojindo Laboratories,
Kumamoto, Japan) was added to each well. After incubation
for 2 h, the absorbance at 450 nm was measured using a
spectrophotometer (ND-ONE-W, Thermo Fisher Scientific,
Waltham, MA, USA). Cell viability and half-maximal in-
hibitory concentration (IC50) values were subsequently calcu-
lated.

2.7 Colony formation assay

LUAD cells were seeded into 6-well plates and cultured for 14
days to allow colony formation. The resulting colonies were
fixed with 4% paraformaldehyde and stained with 0.1% crystal
violet, after which the number of colonies was counted.

1.0

Expression-log, (TPM + 1)
Percent survival

0.2

39

2.8 Statistical analysis

Data are presented as mean =+ standard deviation (SD). Statisti-
cal analyses were conducted using GraphPad Prism 9 (Graph-
Pad Software, La Jolla, CA, USA). Comparisons between two
groups were performed using Student’s #-test, whereas multi-
ple group comparisons were assessed using one-way analysis
of variance (ANOVA). A p-value < 0.05 was considered sta-
tistically significant.

3. Results

3.1 LRRC15 was upregulated in LUAD and
associated with poor prognosis

LRRCI15 expression was significantly elevated in LUAD tis-
sues compared with normal counterparts (Fig. 1A), which
was then validated by THC analysis and demonstrated in-
creased LRRC15 protein levels in tumor samples (Fig. 1B).
Consistently, Western blot analysis revealed higher LRRC15
protein expression in LUAD cell lines compared with HEK293
cells (Fig. 1C). Kaplan-Meier survival analysis indicated that
elevated LRRC15 expression was significantly correlated with
poorer prognosis in LUAD patients (Fig. 1D). In addition,
clinical correlation analysis showed that LRRC15 expression
was significantly associated with T (Tumor) stage (p = 0.016),
N (Node) stage (p = 0.001), and TNM (Tumor Node Metas-
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FIGURE 1. LRRCI15 was upregulated in LUAD and associated with poor prognosis. (A) LRRCI15 mRNA expression
levels in normal and LUAD tissues were analyzed using the GEPIA online database. *p < 0.05 vs. the Normal group. (B)
LRRCI15 protein expression in normal tissues (n = 6) and LUAD tissues (n = 6) was evaluated by IHC. (C) LRRC15 protein
expression in HEK293, A549, and H1975 cells was examined by Western blot. ***p < 0.001 vs. the HEK293 group. (D)
Kaplan-Meier survival analysis of LUAD patients with high versus low LRRC15 expression was performed using TCGA data.
LUAD: Lung adenocarcinoma; LRRC15: Leucine-rich repeat-containing protein 15; TPM: Transcripts Per Million; HR: Hazard
Ratio; GAPDH: Glyceraldehyde-3-Phosphate Dehydrogenase; HEK: Human Embryonic Kidney; T: Tumor; N: Normal; num:

number.
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tasis) stage (p = 0.001) (Table 1). Collectively, these results
demonstrate that LRRC15 is upregulated in LUAD and is
strongly correlated with adverse clinical outcomes.

3.2 Knockdown of LRRC15 inhibited LUAD
cell proliferation

The efficiency of LRRC15 knockdown was confirmed by
a significant reduction in its protein expression (Fig. 2A).
Functional analyses demonstrated that silencing LRRC15 sig-
nificantly decreased cell viability (Fig. 2B) and suppressed cell
proliferative ability, as evidenced by reduced colony formation
(Fig. 2C). Taken together, these findings indicate that LRRC15
plays an essential role in supporting LUAD cell growth, and its
knockdown markedly impairs proliferative capacity.

3.3 Suppression of LRRC15 reduced cisplatin
resistance by inhibiting autophagy

Knockdown of LRRCI1S5 led to a marked decrease in
Microtubule-associated protein 1A/1B-light chain 3 (LC3)-
II/LC3-I and Beclin protein levels, accompanied by an
increase in p62 expression, indicating reduced autophagic flux
(Fig. 3A). Consistently, the IC50 of cisplatin was significantly
reduced in LRRC15-silenced cells, reflecting enhanced drug

sensitivity. Notably, this effect was reversed when cells were
treated with RA, an autophagy activator, thereby restoring
resistance to cisplatin (Fig. 3B). These findings suggest that
LRRC15 promotes cisplatin resistance in LUAD cells, at least
in part, through its regulation of autophagy.

3.4 LRRC15 induced ULK1-mediated
autophagy

Suppression of LRRC15 led to a reduction in the protein levels
of p-ULK1/ULKI1, LC3-II/LC3-I, and Beclin, accompanied
by an elevation in p62 expression, indicating that autophagy
was inhibited (Fig. 4A). Importantly, treatment with LYN-
1604, a ULK 1 activator, reversed these molecular changes and
restored autophagic activity. Functionally, the reduction in cell
survival caused by LRRC15 knockdown was counteracted by
LYN-1604 treatment (Fig. 4B). Similarly, the inhibitory effect
of LRRC15 suppression on cell proliferation was alleviated
following LYN-1604 administration (Fig. 4C). Together, these
findings demonstrate that LRRC15 promotes autophagy in
LUAD cells through an ULK1-dependent mechanism.
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FIGURE 2. Knockdown of LRRC1S5 inhibited LUAD cell proliferation. LUAD cells were divided into Control, si-NC,
and si-LRRC15 groups. (A) LRRC15 protein expression was evaluated by Western blot. ***p < 0.001 vs. the si-NC group. (B)
Cell viability was assessed using the CCK-8 assay. ***p < 0.001 vs. the si-NC group. (C) Cell proliferation was determined
using colony formation assay. ***p < 0.001 vs. the si-NC group. LRRC15: Leucine-rich repeat-containing protein 15; GAPDH:
Glyceraldehyde-3-Phosphate Dehydrogenase; NC: Negative Control.
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FIGURE 3. LRRCI15 knockdown reduced cisplatin resistance by inhibiting autophagy. (A) Protein levels of LC3-I,
LC3-I1, Beclin, and p62 were analyzed by Western blot in Control, si-NC, and si-LRRC15 groups. ***p < 0.001 vs. the si-NC
group. (B) IC50 values of cisplatin were measured using the CCK-8 assay. Groups included Control, si-NC, si-LRRC15,
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FIGURE 4. LRRCI15 promoted autophagy through ULK1 activation. Cells were grouped into Control, si-NC, si-LRRC15,
and si-LRRC15 + LYN-1604. (A) Protein levels of p-ULK1, ULK1, LC3-I, LC3-II, Beclin, and p62 were detected by Western
blot. (B) Cell survival rate (%) was evaluated using the CCK-8 assay. (C) Cell proliferation was assessed using the colony
formation assay. ***p < 0.001 vs. the si-NC group; “p < 0.05, #p < 0.01, #*p < 0.001 vs. the si-LRRC15 group. LRRC15:
Leucine-rich repeat-containing protein 15; GAPDH: Glyceraldehyde-3-Phosphate Dehydrogenase; NC: Negative Control; LC3:
Microtubule-associated protein 1A/1B-light chain 3; ULK1: Unc-51-like autophagy-activating kinase 1; LYN-1604: an effective
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4. Discussion

LRRCI15 has previously been reported as a tumor-promoting
factor in several malignancies [7-9]. Its overexpression has
also been confirmed in LUAD [10]; however, its specific
role in LUAD progression has remained poorly defined. In
this study, we demonstrated that LRRCI15 expression was
markedly elevated in LUAD tissues and cell lines, and its
upregulation was associated with unfavorable prognosis. Fur-
thermore, silencing LRRC15 significantly suppressed cell pro-
liferation, thereby suggesting that LRRC15 contributes to the
growth of LUAD cells.

Autophagy, which is typically maintained at a low
basal level, can be rapidly activated in response to various
stressors and environmental stimuli [14].  Accumulating
evidence indicates that autophagy exerts a dual role in tumor
biology and has been recognized as a critical mechanism
underlying chemoresistance, including resistance to cisplatin
[15]. Previous studies have highlighted the importance
of autophagy in mediating cisplatin resistance across
multiple cancers. For example, the COP9 Signalosome
Subunit 3 (COPS3)/Forkhead Box O3 (FOXO3) axis was
found to promote cisplatin resistance in osteosarcoma
through regulation of autophagy [16]. In gastric cancer,
circCUL2/miR-142-3p/Rho Associated Coiled-Coil
Containing Protein Kinase 2 (ROCK2) signaling enhanced
autophagy and thereby increased cisplatin resistance [17].
In ovarian cancer, both Low-Density Lipoprotein Receptor
(LDLR) [18] and SHC Binding and Spindle Associated 1
(SHCBP1) [19] were shown to contribute to autophagy-
driven cisplatin resistance. = Conversely, E74-Like ETS
Transcription Factor 1 (ELF1) inhibited autophagy to weaken
cisplatin resistance in lung cancer [20]. In LUAD, the
miR-125b/RAR Related Orphan Receptor A (RORA)/BCL2
Interacting Protein 3 Like (BNIP3L) axis has been implicated
in modulating autophagy and influencing cisplatin sensitivity
[21]. Despite these advances, the role of LRRC15 in regulating
autophagy-dependent cisplatin resistance in LUAD had not
been clarified. In the present study, we demonstrated that
suppression of LRRC15 reduced cisplatin resistance, at least
in part, through inhibition of autophagic activity.

ULK1, a serine/threonine kinase, functions as a critical
upstream regulator in the initiation of autophagy [22, 23].
Given its central role, ULK 1-mediated autophagy has become
a major focus in cancer research. Several studies have
highlighted its diverse functions in tumor biology. For
example, miR-937 was reported to enhance ovarian cancer
progression by regulating ULK 1-mediated autophagy through
F-Box Protein 16 (FBXO16) [24], whereas the Tripartite Motif
Containing 27 (TRIM27)/Serine/Threonine Kinase 38 Like
(STK38L) axis inhibited ULKI1-dependent autophagy and
thereby facilitated tumor development [25]. In gastric cancer,
Fat mass and obesity-associated protein (FTO) was shown
to aggravate cisplatin resistance via modulation of ULKI-
mediated autophagy [26], while in esophageal squamous cell
carcinoma, Butyrophilin Subfamily 3 Member A1 (BTN3A1)
contributed to radiation resistance through ULKI-driven
autophagy [27]. In contrast, Death-Associated Protein Kinase
3 (DAPK3) was found to induce ULK1-mediated autophagy
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and suppress gastric cancer progression [28]. LRRCI15 can
modulate the Phosphatidylinositol 3-Kinase (PI3K)/protein
kinase B (AKT)/Mechanistic Target of Rapamycin (mTOR)
signaling pathway.  Importantly, the activity of ULKI
is precisely regulated by key energy/stress-responsive
kinases, such as mTOR and AMP-Activated Protein Kinase
(AMPK) [29]. These findings provide theoretical justification
for our proposed hypothesis model of ‘“transmembrane
protein LRRC15 — upstream kinase (mTOR) — ULKI
phosphorylation — autophagy initiation”. In this work, our
results confirmed that LRRC15 promotes autophagy in LUAD
cells through a ULK 1-dependent mechanism.

5. Conclusions

In conclusion, this study provides the first evidence that
LRRC15 promotes LUAD cell proliferation and contributes
to drug resistance by regulating ULK1-mediated autophagy.
These findings suggest that LRRC15 may represent a potential
therapeutic target; however, further in vivo experiments
and clinical investigations are required to validate its
translational feasibility. Several limitations should also be
acknowledged, including the lack of exploration of other
cellular processes, such as exosome secretion, stemness,
and immune responses, the absence of in vivo validation,
the relatively small sample size, the omission of analyses
of the immune microenvironment, and the lack of clinical
verification. Further investigations using in vivo models,
such as nude mice or orthotopic transplantation systems, are
still needed to confirm the role of LRRCI15 and to provide a
stronger basis for clinical application.
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