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ABSTRACT

The abnormality of surfactant protein C (SFTPC) has been linked to the development of a number of interstitial
lung diseases, according to mounting evidence. Nonetheless, the function and mechanism of SFTPC in the
biological progression of lung adenocarcinoma (LUAD) remain unclear. Analysis of public datasets and testing of
clinical samples suggested that SFTPC expression was abnormally low in LUAD, which was associated with the
onset and poor prognosis of LUAD. The SFTPC-related risk score was derived using least absolute shrinkage and
selection operator Cox regression as well as multivariate Cox regression. The risk score was highly correlated
with tumor purity and tumor mutation burden, and it could serve as an independent prognostic indicator for
LUAD. Low-risk LUAD patients may benefit more from CTLA-4 or/and PD-1 inhibitors. Overall, the risk score is
useful for LUAD patient prognostication and treatment guidance. Moreover, in vitro and in vivo experiments
demonstrated that SFTPC inhibits the proliferation of LUAD by inhibiting PI3K/AKT/mTOR signaling
transduction. These results reveal the molecular mechanism by which SFTPC inhibits the proliferation of LUAD
and suggest that SFTPC could be a new therapeutic target for LUAD.
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INTRODUCTION

Lung cancer is considered as a leading cause of cancer-
related mortality worldwide in 2020, accounting for
18.4% [1]. Small-cell lung cancer (SCLC) and non-
small-cell lung cancer (NSCLC) are the two subtypes of
lung cancer. NSCLC accounts for about 85% of all lung
cancer cases. Lung adenocarcinoma (LUAD) is the
most common histological subtype of NSCLC, and its
incidence is rising more rapidly than lung squamous cell
carcinoma (LUSC) [2, 3]. As early-stage LUAD s
prone to metastasis and two-thirds of patients have
advanced disease at diagnosis, their prognosis is poor,
with a 5-year survival rate below 20% [4, 5]. Despite
diagnostic and therapeutic advances over the past few
decades, the outlook for patients with LUAD remains
dismal. Therefore, it remains urgent to investigate new
therapeutic targets for LUAD and to develop precise
prognostic models.

Pulmonary surfactant (PS) is a lipoprotein compound
primarily composed of phospholipids, with approxi-
mately 10% protein content [6]. The pulmonary
surfactant protein family consists of four members:
surfactant protein A (SFTPA), surfactant protein B
(SFTPB), surfactant protein C (SFTPC), and surfactant
protein D (SFTPD), which play important roles in
diverse aspects of surfactant structure, function, and
metabolism [7]. SFTPA and SFTPD are hydrophilic
proteins that regulate the pulmonary immune system,
whereas SFTPB and SFTPC are hydrophobic proteins
that reduce pulmonary surface tension [8].

SFTPC is only expressed in type Il alveolar cells, unlike
other members of its family. Not only is SFTPC heavily
involved in surfactant protein-derived innate immunity,
but it is also linked to the development of a number of
interstitial lung diseases [9]. According to studies,
SFTPC is abnormally low expressed in LUAD and
closely linked to a poor prognosis for patients [10]. In
vivo and in vitro, SFTPC overexpression significantly
inhibits the proliferation of NSCLC cells. In addition,
the expression levels of matrix metalloproteinases
MMP-2 and MMP-9 in alveolar macrophages of SFTPC
knockout mice were significantly elevated, which was
closely associated with tumor occurrence and
development [11]. However, the specific mechanism by
which SFTPC inhibits LUAD development has yet to be
identified.

We discovered in this study that SFTPC was
downregulated in LUAD, which was associated with a
poor prognosis. Furthermore, in vitro and in vivo
experiments suggested that SFTPC could inhibit LUAD
proliferation by inhibiting the activity of the
PI3K/AKT/mTOR signaling pathway. We developed a

SFTPC-related risk model, which could serve as an
independent prognostic factor for LUAD. We also
utilized the SFTPC-related risk model and the clinical
characteristics of lung adenocarcinoma patients to
develop a nomogram that could accurately assess the
prognosis of patients.

MATERIALS AND METHODS
Data acquisition and processing

The TCGA LUAD data set’s mRNA expression data
and clinical information were retrieved from the Cancer
Genome Atlas (TCGA) database (https:/portal.gdc.
cancer.gov). The GSE31210, GSE10072, GSE43458,
GSE32863, GSE46539, GSE72094, GSE41271, and
GSE3141 were obtained from the Gene Expression
Omnibus (GEO) database (https://ncbi.nlm.nih.gov/gds).
All datasets were processed according to the methods
outlined in our previous study [12, 13].

Enrichment analysis

Gene Set Enrichment Analysis (GSEA) was performed
on LUAD patients from the TCGA LUAD cohort
using the “cluster Profiler” package in R and
the  “c5.go.bp.v2022.1.Hs.symbols.gmt” gene set
database [12].

Development of SFTPC-related risk score

Based on the level of SFTPC expression, patients in
the TCGA_LUAD and GSE72094 cohorts were
divided into high- and low-expression subgroups,
respectively. Then, the “limma” package in R (logFC
> 1, FDR < 0.05) was used to identify differentially
expressed genes (DEGs). The common genes of DEGs
from both datasets were utilized for univariate Cox
regression analysis. Incorporating prognosis related
genes (P < 0.01) into the Least Absolute Shrinkage
and Selection Operator (LASSO) regression model
generates essential genes and their corresponding
coefficients, which was performed by “glmnet” and
“survival” packages in R. A new score was calculated
for each patient using the following formula: score =
>i Coefficient (Gene i) * Expression (Gene i). Each
patient’s SFTPC-related risk score was calculated
using the following formula: risk score = (score-Min)
/ absolute (Max), which facilitated comparisons
between datasets.

Development and evaluation of the nomogram
The “rsm” package in R was used to develop the

nomogram, which was based on the SFTPC-related risk
score and clinical characteristics including age, tumor
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purity, gender, tumor mutation burden (TMB), T stage,
M stage, and N stage.

Cell culture and lentiviral infection

A549 and PC9 human LUAD cancer cells were
obtained from the Cell Bank of the Shanghai Institute of
Biological Sciences of the Chinese Academy of
Sciences. Cells were cultured in a DMEM medium
containing 10% FBS under humidified conditions of 5%
CO2 and 37° C. Lentivirus was used to infect A549 and
PC9 cells to produce stable overexpression or
knockdown of SFTPC. Sequences of SFTPC-RNAI
were displayed in Supplementary Table 1.

CCK-8 assay

A549 and PC9 cells were seeded into 96-well plates at
0, 24, 48, and 72h, respectively. The working solution
was prepared according to the instructions (Beyotime
C0038, China), and the absorbance value was measured
using an enzyme labeling instrument.

Colony formation assay

A549 and PC9 cells were seeded in 6-well plates (500
cells/well), cultured for 12 days, then fixed with cold
methanol, and stained with crystal violet.

Western blotting

Total proteins were extracted from the cells at the
indicated times, and protein concentrations were
determined using a BCA kit. The proteins separated on
SDS/PAGE gels were transferred to nitrocellulose
membranes and immunoblotted with the antibodies
listed in Supplementary Table 2.

Patients and specimens

Patients in the Thoracic Surgery Department of Tangdu
Hospital (Xi’an, China) provided fifty-two pairs of
human LUAD tissues and adjacent normal tissues. The
Ethics Committee of the Tangdu Hospital authorized
the use of clinical specimens (202203-039).

Immunohistochemistry and immunofluorescence
assay

The cancerous and adjacent normal tissues of 52
LUAD patients were fabricated into tissue chips, and
the protein levels of target genes were determined
using immunohistochemical staining. The immuno-
staining antibodies are listed in Supplementary Table
2. Slides were scanned and digitalized with a
Panoramic MIDI (3DHISTECH, Ltd., Budapest,

Hungary) and analyzed with a Panoramic Viewer v.
1.15.3 and Nuclear Quant application for PV
v.2.0.0.46136, both manufactured by 3DHISTECH. H-
Score =) (pi x i) = (percentage of weak intensity x1)
+ (percentage of moderate intensity x 2) + (percentage
of strong intensity x3), where | = intensity of staining
and pi = percentage of stained tumor cells [14]. A549
and PC9 cells were seeded into a special dish for
confocal laser scanning microscopy, fixed with cold
methanol, punched with triton X-100 (0.3%),
surrounded with BSA, incubated with antibody, re-
stained with DAPI, and detected by confocal laser
scanning microscopy.

Xenograft lung adenocarcinoma model

For the xenograft lung adenocarcinoma models, nude
BALB/c female mice aged six weeks were obtained
from the Model Animal Research Center of Nanjing
University (China). The A549 and PC9 cells were
injected subcutaneously into the right inguinal area of
nude mice (5 x 108 per mouse), respectively. After
seven days of tumor loading (Day 0), tumor volume was
measured every three days until mice were euthanized.
Tumor volume was calculated using the following
formula: Volume = (length x width?)/2, where the
length and width are the longest and shortest axes. The
Animal Research Protocol was approved by the Shanxi
Provincial People’s Hospital’s Ethics Committee
(2021-191).

Statistical analysis

In this work, the R (4.1.0) software was used for
statistical analysis and drawing images. Comparative
statistical analysis of the target genes of two subgroups
was done using the Wilcox test. Survival analysis was
performed between two subgroups of patients using the
log-rank test and the Kaplan-Meier method. Spearman
analysis was used to determine the correlation between
the two genes. The “ggpubr’, “VennDiagram”,
“survival”, “glmnet”, “survminer”, “timeROC”, “rms”,
“ggpubr”,  “ggExtra”,  “pheatmap”,  “tidyverse”,
“ggplot2”, “reshape2”, “maftools”, “limma”, “regplot”,
“pec”, “pRRophetic”, “car”, “ridge”, “preprocessCore”,
“genefilter”, and “sva” packages in R were used for
visualization. Less than 0.05 p-value was considered
statistically significant (*, P < 0.05; **, P < 0.01; ***, P
<0.001).

Availability of data and materials
The datasets generated during and/or analyzed during

the present study are available from the corresponding
author on reasonable request.
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RESULTS

SFTPC downregulation is correlated with the onset
and poor prognosis in LUAD

To investigate the potential role of SFTPC in LUAD,
we analyzed the mRNA levels of SFTPC in patients
from the TCGA LUAD, GSE31210, GSE11072,
GSE43458, GSE32863, and GSE46539 cohorts. SFTPC
was significantly downregulated in carcinoma tissues
relative to normal tissues (Figure 1A-1F). Using
immunohistochemistry, we then determined the protein
level of SFTPC in the carcinoma and para-carcinoma
tissues of 52 patients from the Tangdu Hospital.
Consistent with the mRNA level, the protein level of
SFTPC was significantly decreased in carcinoma tissues
(Figure 1G, 1H). The Kaplan-Meier (KM) analysis of
patients in the LUAD, GSE72094, GSE41271, and
GSE3141 datasets suggested that patients with SFTPC
low expression had a shorter overall survival (OS)
duration (Figure 2A-2D). Finally, we plotted the ROC
curve of SFTPC gene for diagnosing lung adeno-
carcinoma; the AUC values of SFTPC in the
TCGA_LUAD, GSE31210, GSE11072, GSE43458,
GSE32863, and GSE46539 cohorts were 0.996, 0.903,
0.987, 0.924, 0.960, and 0.816 respectively (Figure 2E—
2J). All of these findings indicated that SFTPC down-
regulation in LUAD was significantly associated with
disease onset and prognosis.

Association between immune characteristics and
SFTPC

Patients from the TCGA LUAD cohort were divided
evenly into two subgroups based on their SFTPC
expression levels. To comprehend the effect of SFTPC
on the tumor microenvironment (TME), we utilized the
ESTIMATE algorithm to analyze the immune and
stromal scores of patients from the TCGA LUAD
dataset. The findings revealed that patients with low
SFTPC expression had lower stromal and immune
scores, as well as higher tumor purity (Supplementary
Figure 1A, 1B). Subsequently, we analyzed that the
expression levels of immune checkpoint genes; CD27,
CD274, TLA4, HAVCR2, TIGIT, and TOX were
significantly downregulated in SFTPC low expression
subgroup (Supplementary Figure 1C). In addition, the
infiltration ratios of immune cells such as macrophages
M2, T cells CD4 memory resting, mast cells resting,
dendritic cells resting, T cells follicular helper, and
monocytes were significantly decreased, whereas
macrophages MO, T cells CD4 memory activated, and T
cells  regulatory were significantly increased
(Supplementary Figure 1D). Finally, we analyzed the
effect of SFTPC on 29 functional gene expression
signatures and found that SFTPC low expression LUAD

was characterized by low levels of immune infiltrate
and high levels of matrix remodeling, EMT signature,
and proliferation rate (Supplementary Figure 1E).

GSEA was performed to investigate the differences
between the stratified subgroups of SFTPC. LUAD
patients with SFTPC high expression demonstrated
significant enrichment in immune related processes
(Supplementary Table 3), including activation of
immune response (Figure 3A), positive regulation of
inflammatory response (Figure 3B), myeloid leukocyte
activation (Figure 3C), and antigen processing and
presentation of exogenous antigen (Figure 3D). In
addition, the infiltration rate of immune-related cells
including macrophages M0 and M2, T cells CD4
memory resting, plasma cell, mast cell resting, and
monocytes was significantly reduced (Supplementary
Figure 1D). Patients with SFTPC low expression were
enriched in processes related to cell proliferation, such
as DNA repair (Figure 3E), meiotic cell cycle (Figure
3F), nuclear chromosome segregation (Figure 3G), and
DNA-dependent DNA replication (Figure 3H). Results
indicated that in LUAD, SFTPC high expression was
associated with tumor immunity, while SFTPC low
expression was associated with cell proliferation.

Construction and validation of SFTPC-related risk
score

To develop an SFTPC-related signature that identifies
LUAD patients with different prognoses, we analyzed the
DEGs between SFTPC low/high expression subgroups.
Figure 4A demonstrates that a total of 2701 and 220
DEGs were identified in the TCGA LUAD and
GSE72094 datasets, respectively (logFC > 1; adj-P <
0.05). The 105 DEGs from both cohorts were
subsequently subjected to univariate Cox analyses in the
TCGA LUAD cohort, and 35 of them were significantly
associated with the prognosis of patients (P < 0.01).
Finally, the 35 DEGs were inserted into a LASSO Cox
regression model in TCGA_LUAD as described in our
previous works [12, 15, 16], and 13 key genes and their
corresponding coefficients were obtained (Figure 4B, 4C,
4G). Using the following formula, the SFTPC-related
risk score of each patient in a cohort was determined:
score = 0.1245*ADH1B - 0.0637*CLEC3B -
0.0417*CYP4B1 - 0.0533*GDF10 - 0.0052*C4BPA -
0.0213*SFTPB - 0.0176*TNNC1 - 0.0153*NAPSA -
0.0647*HS3ST2 - 0.0419*CPA3 - 0.0609*PBK -
0.0805*GJB2 - 0.1682*MS4Al. The TCGA LUAD
cohort served as the training set, with patients assigned
equally to the low-risk and high-risk subgroups; patients
in the low-risk group have a higher survival rate (Figure
2D-2F). As validation datasets, the GSE72094 and
GSE41271 cohorts were used, and based on the risk
score, patients in both cohorts were divided into low-risk
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Figure 1. SFTPC was downregulated in LUAD. (A-F) SFTPC mRNA levels of LUAD patients in the TCGA_LUAD (A), GSE31210 (B),
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and high-risk subgroups, respectively. Patients in the
low-risk groups had a significantly longer OS in both
the training and validation sets compared to those in the
high-risk groups (Figure 4A—-4C). The area under curves
(AUC) values of SFTPC-related risk score in the
TCGA_LUAD dataset were 0.716 for one year, 0.666
for two years, and 0.69 for three years; 0.684 for one
year, 0.678 for two years, and 0.664 for three years in
the GSE72094 dataset; were 0.563 for one year, 0.664
for two years, and 0.641 for three years in the
GSE41271 dataset (Figure 5D-5F). Figure 5G-5I
displays the 1-, 2-, and 3-year calibration curves of the
SFTPC-related risk score for the TCGA LUAD,
GSE72094, and GSE41271 cohorts. All of the
aforementioned findings suggested that the SFTPC-
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related risk score could accurately predict the prognosis
of LUAD patients.

Tumor microenvironment landscape of SFTPC-
based classification

Lung adenocarcinoma’s biological progression and
prognosis are correlated with the tumor micro-
environment (TME) [17, 18]. Patients from the TCGA
LUAD, GSE72094, and GSE41271 were divided into
low-risk (L-risk) and high-risk (H-risk) subgroups in
order to examine the influence of SFTPC-related risk
score on TME. In the H-risk groups of the three cohorts,
the infiltration ratios of immune cells such as aDCs,
DCs, iDCs, mast cells, and neutrophils decreased
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Figure 2. Correlation analysis between SFTPC and the incidence and prognosis of lung adenocarcinoma. (A-D) Kaplan-Meier
curves of the OS of LUAD patients in the TCGA_LUAD, GSE72094, GSE41271, and GSE3141 cohorts. (E-J) SFTPC-dependent ROC analyses of
the pathogenic status in TCGA_LUAD (E), GSE31210 (F), GSE10072 (G), GSE43458 (H), GSE32863 (1), and GSE46539 cohorts.
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significantly (Supplementary Figure 2A, 2C, 2E).
Moreover, in H-risk groups, the functions of HLC and
type Il IFN response were also downregulated, whereas
the function of MHC class | was upregulated
(Supplementary Figure 2B, 2D, 2F). In the TCGA
LUAD dataset, we discovered that the infiltration ratios
of immune cells including T cells memory resting/
activated, monocytes, mast cells resting, macrophages
MO/M1, dendritic cells resting, and B cells memory
were significantly associated with the expression of 13
essential genes (Supplementary Figure 3). Additionally,
we observed that patients in the H-risk group have
lower stromal and immune scores, as well as higher
tumor purity (Figure 6A, 6B).

To investigate the effect of tumor purity on the
prognosis of LUAD, patients in the TCGA_LUAD,
GSE72094, and GSE41271 cohorts were divided
equally into low tumor purity (L-TP) and high tumor

purity (H-TP) subgroups respectively. In the three
aforementioned datasets, KM analysis indicated that L-
TP patients had a longer OS (Figure 6C, 6E, 6G). In
addition, we conducted a comprehensive analysis of the
effect of SFTPC-related risk score and tumor purity on
patient prognosis and discovered that, across the three
datasets, patients in the L-TP and L-risk group had the
best prognosis (Figure 6D, 6F, 6H). All of these
findings suggested that the SFTPC-related risk score
was highly correlated with tumor purity and patient
prognosis.

TMB of SFTPC-related classification

Mounting evidence suggested that TMB was an
essential biomarker for LUAD prognosis [19, 20]. To
investigate the effect of SFTPC-related risk score on
TMB, we subdivided TCGA LUAD patients into low-
risk (L-risk) and high-risk (H-risk) subgroups. As
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depicted in Figure 7A, 7B, patients in the L-risk and H-
risk subgroups displayed distinct mutation charac-
teristics, with the L-risk group exhibiting a lower TMB

the highest mutant frequency were TP53 (37%), TTN
(36%), MUC36 (39%), RYR2 (30%), and CSMD3
(29%); in the H-risk group, the top five genes with the

(Figure 7C). In the L-risk group, the top five genes with highest mutant frequency were TP53 (59%),
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Figure 4. Development of SFTPC-related risk score using TCGA_LUAD dataset. (A) Venn diagram of DEGs between patients in SFTPC
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TTN (59%), CSMD3 (50%), MUC16 (44%) and RYR2
(42%) (Figure 7A, 7B). Results of KM analysis
indicated that patients in the H-TMB group had a longer
OS (Figure 7D). In addition, we analyzed the influence
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of SFTPC-related risk score and TMN on LUAD
prognosis and found that patients in the H-TMB and
L-risk subgroup had the most favorable prognosis
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Figure 5. Evaluation of the SFTPC-related risk score in LUAD. (A—C) Kaplan-Meier curves of the OS of LUAD patients in the TCGA_LUAD
(A), GSE72094 (B), and GSE41271 (C) cohorts. (D—F) Time-dependent ROC analyses of risk score regarding the patients’ 1-, 2-, and 3-years
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Guidance of SFTPC-related risk score in LUAD
therapy

Evidence suggests that immune checkpoint blockade
immunotherapies targeting programmed cell death 1
(PD-1) or cytotoxic T-lymphocyte associated protein
4 (CTLA-4) are emerging as a new treatment option
for lung cancer patients [21-23]. However, patient
response rates to PD-1 and CTLA-4 inhibitors vary
widely [24]. How to effectively evaluate the patient’s
response to immunosuppressants is a pressing issue in
LUAD clinical treatment. We retrieved the clinical
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data of LUAD patients treated with CTLA-4 or/and
PD-1 from The Cancer Immunome Atlas (TCIA)
database and observed that high-risk patients may
benefit more from immunotherapy (Figure 8A-8D).
We then conducted a correlation analysis between the
SFTPC-related risk score and the sensitivity of 165
drugs. The risk score was negatively correlated with
RO-3306, cisplatin, pyrimethamine, and epothilone B
et al. (R <-0.59; p < 0.001), and patients in the low-
risk group could benefit more from 158 drugs, while
those in the high-risk group were more sensitive to 7
drugs (Supplementary Table 4, Figure 8E-8L).
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Figure 6. Tumor purity combined with SFTPC-related risk score to evaluate the prognosis of LUAD patients. (A) The immune
and stromal scores of LUAD patients in the TCGA_LUAD cohort, grouping based on the risk score. (B) The tumor purity of LUAD patients in the
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The aforementioned findings suggested that the SFTPC-
related risk score could guide LUAD treatment.

Establishment of a nomogram based on SFTPC-
related risk score and clinical characters

A nomogram was developed using SFTPC-related risk
score and clinical characteristics to assess patient
prognosis. Initially, univariate and multivariate
regression analyses were performed on the
TCGA_LUAD cohort, and T stage, M stage, and risk
score were identified as independent prognostic factors
for LUAD (Figure 9A, 9B). Subsequently, we plotted
Receiver Operating Characteristic Curve (ROC) curves
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for one, three, and five years and discovered that the
risk score and clinical group always had the greatest
area under the curve (AUC) value (Figure 9C-9E).
Then, using age, tumor purity, gender, TMB, T stage, M
stage, N stage, and risk, we drew the nomogram (Figure
9G). The C-index curves revealed that nomorisk had the
greatest value, indicating that it had the maximum
prognostic accuracy for LUAD prognosis (Figure 9F).
The AUC values of the nomogram in the TCGA_LUAD
dataset were 0.748 for one year, 0.746 for two years,
and 0.734 for three years, and the calibration curves of
patients at one, three, and five years confirmed the
accuracy of the nomogram (Figure 9H, 9I). These
findings confirmed that the nomogram was a superior
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Figure 7. Mutation signatures of LUAD patients. (A, B) Waterfall plots of mutation genes in patients from the TCGA_LUAD cohort, low-
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model for LUAD prognosis prediction than individual
risk factors.

SFTPC inhibited the proliferation of LUAD in vitro
and in vivo

To investigate the function of SFTPC in LUAD, we used
lentivirus to knock down and overexpress SFTPC in A549
and PC9 cells respectively. After conducting the CCK-8
assay, we discovered that knocking down SFTPC
significantly increased the proliferation ability of A549
and PC9 cells, whereas over expressing SFTPC
significantly decreased their proliferation ability (Figure
10A-10D). Subsequently, we conducted the EdU
experiment, which suggested that knocking down SFTPC
significantly increased the proliferation ability of A549

and PC9 cells, whereas over expressing SFTPC
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dramatically decreased their proliferation ability (Figure
10E). The results of the plate cloning assay indicated that
knocking down SFTPC significantly increased the cloning
ability of A549 and PC9 cells, whereas overexpressing
SFTPC significantly decreased their cloning ability
(Figure 10F). These findings demonstrated that SFTPC
inhibits the proliferation of LUAD cells in vitro. To
further confirm the antitumor effect of SFTPC, we
generated xenograft LUAD models by injecting A549 and
PC9 cells subcutaneously into nude mice. We measured
tumor volumes every three days until the mice were
euthanized and drew growth curves for the tumors. We
observed that knockdown of SFTPC significantly
promoted the proliferation of A549 and PC9 cells in vivo,
while overexpression of SFTPC significantly inhibited
their proliferation (Figure 11A-11H). After euthanizing

mice, tumors were collected and weighed.
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Figure 8. Screening of potential drugs for LUAD patients. (A-D) Patients at low risk will benefit more from CTLA4 and/or PD1
antibodies in the TCGA LUAD cohort. (E-H) Analysis of the correlation between sensitivity of patients to RO-3306, cisplatin, pyrimethamine,
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Figure 9. Development and verification of nomogram in LUAD. (A, B) Univariate (A) and multivariate (B) regression analysis related to
OS of patients in TCGA_LUAD cohort. (C-E) In the TCGA LUAD cohort, time-dependent ROC analyses of the patients’ 1- (C), 3- (D), and 5-year
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Figure 10. SFTPC can inhibit the proliferation of LUAD in vitro. (A-D) CCK-8 assay for A549 and PC9 cells stably overexpressing (A, C)
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(F) Colony formation assays for A549 and PC9 cells stably overexpressing or knocking down SFTPC. *, P < 0.05; **, P<0.01; ***, P < 0.001.
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Compared to the control group, the weights of tumors in
the SFTPC knockdown group were significantly higher,
while those in the SFTPC overexpression group were
significantly lower (Figure 111-11L). All of these
findings suggested that SFTPC could inhibit the
proliferation of LUAD cells in vitro and in vivo.

SFTPC inhibits PISBK/AKT/mTOR pathway activity
in LUAD

To determine the molecular mechanism by which
SFTPC inhibits LUAD proliferation, a Western blotting
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assay was performed initially. Overexpression of
SFTPC in A549 and PC9 cells significantly reduced the
phosphorylation of PI3K, AKT, mTOR, and RPS6KB1
(Figure 12A-12C). Additionally, we observed that
knocking down SFTPC in A549 and PC9 significantly
increased the phosphorylation levels of PI3K, AKT,
mTOR, and RPS6KB1 (Figure 12B, 12D).
Subsequently, we also conducted immunocytochemical
assays on Ab49 and PC9 cells, and the outcomes were
consistent with the WB experiments (Figure 12E, 12F).
Using immunohistochemistry, we determined the
protein levels of SFTPC, PI3K, p-PI3K, AKT, p-AKT,

0 O O = =

© = =

© O = =N

A549 A549
°
2 - Control E 0.8 p <0.0001
9
- SFTPC 0.6
3
-6 p=0.0011 34 *
3 £ e
c 0.2
0* £
0 3 6 9 12 15 2 0.0 .
Time (day) Control SFTPC
Asd J A549
> p =0.0009
i =1, —_—
6 -+ shControl £ :
2 508
+ ShSFTPC 3 o %
= P=0.0002 =4
4 S 0.2
.0 200
0 3 6 9 12 15 shControl shSFTPC
Time (day)
K PC9
PC9 5
<038 p = 0.0022
- - Control "§: 0.6 :
o samre 8,
p=0. ¢ e
5 o2 ~
E
.0 = 0.0
0 3 6 9 12 15 18 a Control SFTPC
Time (day)
L PC9
PC9 S
° - 10 p <0.0001
i L
< shControl 0.8 %
B - shSFTPC £ 0.6 ?
0 p=0020 FO04] —f—
.5 g 0.2
.0 2 0.0

0 3 6 9 12 15 18

shControl shSFTPC

Time (day)

Figure 11. SFTPC can inhibit the proliferation of LUAD in vivo. (A-D) Xenograft models and the tumor growth curves of LUAD tumor
derived from A549 cells: overexpression of SFTPC significantly inhibited the proliferation of A549 cells in vivo (A, B), while knockdown of
SFTPC significantly promoted their proliferation (C, D). (E-H) Xenograft models and the tumor growth curves of LUAD tumor derived from
PC9 cells: overexpression of SFTPC significantly inhibited the proliferation of PC9 cells in vivo (E, F), while knockdown of SFTPC significantly
promoted their proliferation (G, H). The volume of the tumor was measured every three days until the mice were euthanized, after which the
tumor growth curves were drawn. (I-L) The weights of tumors were significantly decreased in the SFTPC overexpression groups (I-K),
whereas they significantly increased in the SFTPC knockdown groups (J). After euthanizing the mice tumors were collected and weighed.
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mMTOR, p-mTOR, RPS6KB1, and p-RPS6KBL1 in
LUAD carcinoma and para-carcinoma tissues. SFTPC
protein levels were downregulated in tumor tissues,
whereas PI3K, p-PI3K, AKT, p-AKT, mTOR, p-
mTOR, RPS6KB1, and p-RPS6KBL protein levels were
upregulated (Figure 1G, 1H and Supplementary Figure
4A-4P). All of the aforementioned results suggested
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that SFTPC inhibits the PISBK/AKT/mTOR pathway in
LUAD.

DISCUSSION

The SFTPC gene is located on the short arm of human
chromosome 8 and encodes a transmembrane peptide
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Figure 12. SFTPC can inhibit PI3K/AKT/mTOR signal transduction. (A-C) A549 cells overexpressing or knocking down SFTPC were
subjected to Western blot (A, B) and immunofluorescence (C) assay. (D—F) A549 cells were subjected to Western blot (D, E) and
immunofluorescence (F) assays while overexpressing or knocking down SFTPC.
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with a molecular weight of 21 kDa and 197 amino acids
[25]. The ProSFTPC protein comprises four domains: a
cytosolic domain on the N-terminus, a transmembrane
helix, an unstructured linker domain, and a BRICHOS
domain on the C-terminus. Prior to secretion,
proSFTPC is moved from multivesicles to AT2-specific
lamellar bodies. Cleavage of the C- and N-termini
sequentially generates mature SFTPC [26]. SFTPC, the
smallest surfactant-associated protein, plays a crucial
role in stabilizing the surfactant film and recycling
surfactant by facilitating lipid movement between sheets
and vesicles [27]. Consistent with Zhang et al. [28], this
study confirmed that SFTPC was abnormally
downregulated in LUAD and was closely associated
with a patient’s poor prognosis. However, the molecular
mechanisms by which SFTPC is downregulated in
LUAD and how it inhibits LUAD’s biological
progression remain unknown. This study found that
SFTPC was closely associated with LUAD’s TME and
TMB (Figures 5A, 5B, 6A-6C).

TME is closely associated with the occurrence,
progression, and therapeutic efficacy of tumors [29, 30].
TME [31] is composed of immune and stromal cells.
Immune infiltration plays an essential role in LUAD
prognosis and therapeutic response [32]. Accumulating
evidence suggests that immune checkpoint inhibitors
(ICI) are extraordinarily beneficial for NSCLC patients.
Nevertheless, according to certain clinical trials, lung
cancer patients have a low overall response rate to ICI
[33, 34]. High expression of PD-1 and/or CTLA-4 can
downregulate T-cell activity, thereby reducing the
efficacy of immunotherapy and facilitating the immune
evasion of tumor cells [35, 36]. Predicting the efficacy
of PD-1 and CTLA-4 antibodies in the clinical
treatment of LUAD has become an urgent matter. Our
study found that low-risk patients had a lower tumor
purity and benefited more from PD-1 and CTLA-4
antibodies, providing a theoretical foundation for the
clinical application of ICI (Figures 5A, 5B, 8A-8D). In
addition, we discovered that low-risk LUAD patients
were more sensitive to RO-3306, cisplatin, pyri-
methamine, and epothilone et al., thereby expanding
clinical treatment options (Figure 8E-8L). Furthermore,
risk score could serve as an independent prognostic
factor for LUAD patients, and its C-index was higher
than that of clinical features, demonstrating a distinct
advantage in predicting the prognosis of patients
(Figure 9).

Previous research has demonstrated that TMB can serve
as an indicator of immunotherapeutic sensitivity in
numerous carcinomas [37]. The greater the TMB, the
greater the number of new antigens that T cells can
recognize as non-self, making tumors more immuno-
genic. In LUAD, elevated TMB may augment immune

infiltration and enhance the therapeutic efficacy of PD-
L1 antibodies [38]. However, this study demonstrated
that patients in the low-risk subgroup had a lower TMB,
and derived greater benefits from PD-1 and CTLA-4
antibodies, possibly due to the greater proportion of
immune cell infiltration in the low-risk subgroup
(Figures 6A, 7A-7C, 8A-8D). The C-index curves
demonstrated that the prognostic value of TMB for
LUAD was inferior to that of risk score, M stage, T
stage, and tumor purity (Figure 9F). Our findings
indicated that in LUAD, the risk score was not only
closely related to TMB but also possessed greater
prognostic ability.

To determine the function of SFTPC in LUAD, in vitro
and in vivo experiments were conducted; the results
revealed that SFTPC acted as a tumor suppressor
(Figures 10, 11). GSEA results indicated that patients
with low SFTPC expression were enriched in functions
associated with cell proliferation, such as DNA repair,
meiotic cell cycle, and DNA replication (Figure 3).
Interestingly, these events are closely related to the
PIBK/AKT/mTOR pathway, suggesting that SFTPC
may affect the proliferation of LUAD cells by
regulating the PI3BK/AKT/mTOR signaling pathway.

Subsequently, lentivirus was used to overexpress and
knockdown SFTPC expression in A549 and PC9 cells,
and Western blotting, and immunofluorescence assays
confirmed that SFTPC inhibited PI3K/AKT/mTOR
pathway activity (Figure 12 and Supplementary Figure
4). Numerous cellular biological processes, such as cell
proliferation, metastasis, and metabolism, are dependent
on PI3K/AKt/mTOR pathway [39]. Therefore, small
molecule inhibitors targeting the PI3K/AKT/mTOR
pathway have garnered considerable interest and have
been developed and evaluated in preclinical models and
clinical trials [39, 40]. However, targeting a single
kinase component within PISBK/AKT/mTOR signaling
pathway typically results in tumor growth arrest as
opposed to apoptosis, which may be caused by
abnormal activation of other compensatory pathways.
Hence, developing new targets or combining drugs may
be effective strategies for enhancing the anti-tumor
effect. Cumulatively, SFTPC is not only closely
associated with the onset and prognosis of LUAD, but
also has the ability to inhibit the PI3K/AKT/mTOR
pathway, making it a potential therapeutic target for
LUAD.

AUTHOR CONTRIBUTIONS

Baile Zuo, Lin Wang, Xiaoyan Li, Zewen Song, and
Guoyin Li were responsible for the conceptual design of
the study. Xin Li, Jinping Wang, Yanlu Xiong, Jie Lei,
and Xi Zhang were responsible for collecting and

www.aging-us.com 12467

AGING



identifying clinical samples of lung adenocarcinoma.
Baile Zuo, Lin Wang, Xiaoyan Li, Zewen Song, Guoyin
Li, Yifan Chen, Qiongwen Liu, Jinke Jiao, Mengru Sui,
Jinhan Fan, Ningxue Wu were responsible for data
processing and analysis, as well as in vivo and in vitro
experiments. The manuscript was drafted by Zewen
Song, and Guoyin Li, and was revised by all authors
before the final version was approved to be published.

ACKNOWLEDGMENTS

We thank Home for Researchers for providing language
assistance in the preparation of this manuscript
(https://www.home-for-researchers.com/static/index.
html#/retouch_draw).

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of interest.
ETHICAL STATEMENT AND CONSENT

The Animal Research Protocol was approved by the
Shanxi Provincial People’s Hospital’s Ethics Committee
(2021-191). The Ethics Committee of the Tangdu
Hospital authorized the use of clinical specimens
(202203-039). The written consent was obtained from
the patients. All data sets used in this study were
downloaded from public databases, an extra ethical
approval was not necessary.

FUNDING

This work was supported by the National Natural
Science Foundation of China (81903031), Natural

Science Foundation of Hunan Province, China
(2021JJ31035), General Project of Shanxi Natural
Science Foundation, China (202203021211058),

General Youth Project of Shanxi Natural Science
Foundation, China (201901D211523), Key Scientific
Research Projects of Higher Education Institutions in
Henan Province, China (22A180027), Natural Science
Foundation of Henan Province, China (222300420264).

REFERENCES

1. Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram |, Jemal A, Bray F. Global Cancer
Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries.
CA Cancer J Clin. 2021; 71:209-49.
https://doi.org/10.3322/caac.21660 PMID:33538338

2. Yin X, LiY, WangH, Jia T, Wang E, Luo Y, Wei Y, Qin Z,
Ma X. Small cell lung cancer transformation: From
pathogenesis to treatment. Semin Cancer Biol. 2022;

10.

86:595-606.
https://doi.org/10.1016/j.semcancer.2022.03.006
PMID:35276343

Wang C, Yu Q, Song T, Wang Z, Song L, Yang Y, Shao J,
Li J, Ni Y, Chao N, Zhang L, Li W. The heterogeneous
immune landscape between lung adenocarcinoma
and squamous carcinoma revealed by single-cell RNA
sequencing. Signal Transduct Target Ther. 2022;
7:289.

https://doi.org/10.1038/s41392-022-01130-8
PMID:36008393

Niu Z, Jin R, Zhang Y, Li H. Signaling pathways and
targeted therapies in lung squamous cell carcinoma:
mechanisms and clinical trials. Signal Transduct Target
Ther. 2022; 7:353.
https://doi.org/10.1038/s41392-022-01200-x
PMID:36198685

Succony L, Rassl DM, Barker AP, McCaughan FM,
Rintoul RC. Adenocarcinoma spectrum lesions of the
lung: Detection, pathology and treatment strategies.
Cancer Treat Rev. 2021; 99:102237.
https://doi.org/10.1016/j.ctrv.2021.102237
PMID:34182217

Singh J, Jaffe A, Schultz A, Selvadurai H. Surfactant
protein disorders in childhood interstitial lung disease.
Eur J Pediatr. 2021; 180:2711-21.
https://doi.org/10.1007/s00431-021-04066-3
PMID:33839914

Sitaraman S, Alysandratos KD, Wambach JA, Limberis
MP. Gene Therapeutics for Surfactant Dysfunction
Disorders: Targeting the Alveolar Type 2 Epithelial Cell.
Hum Gene Ther. 2022; 33:1011-22.
https://doi.org/10.1089/hum.2022.130
PMID:36166236

Whitsett JA, Wert SE, Weaver TE. Alveolar surfactant
homeostasis and the pathogenesis of pulmonary
disease. Annu Rev Med. 2010; 61:105-19.
https://doi.org/10.1146/annurev.med.60.041807.1235
00 PMID:19824815

Venosa A, Katzen J, Tomer Y, Kopp M, Jamil S, Russo SJ,
Mulugeta S, Beers MF. Epithelial Expression of an
Interstitial Lung Disease-Associated Mutation in
Surfactant Protein-C Modulates Recruitment and
Activation of Key Myeloid Cell Populations in Mice. )
Immunol. 2019; 202:2760-71.
https://doi.org/10.4049/jimmunol.1900039
PMID:30910861

Kaur A, Riaz MS, Singh SK, Kishore U. Human Surfactant
Protein D Suppresses Epithelial-to-Mesenchymal
Transition in  Pancreatic  Cancer Cells by
Downregulating TGF-B. Front Immunol. 2018; 9:1844.
https://doi.org/10.3389/fimmu.2018.01844

WWWw.aging-us.com

12468

AGING


https://www.home-for-researchers.com/static/index.html#/retouch_draw
https://www.home-for-researchers.com/static/index.html#/retouch_draw
https://doi.org/10.3322/caac.21660
https://pubmed.ncbi.nlm.nih.gov/33538338
https://doi.org/10.1016/j.semcancer.2022.03.006
https://pubmed.ncbi.nlm.nih.gov/35276343
https://doi.org/10.1038/s41392-022-01130-8
https://pubmed.ncbi.nlm.nih.gov/36008393
https://doi.org/10.1038/s41392-022-01200-x
https://pubmed.ncbi.nlm.nih.gov/36198685
https://doi.org/10.1016/j.ctrv.2021.102237
https://pubmed.ncbi.nlm.nih.gov/34182217
https://doi.org/10.1007/s00431-021-04066-3
https://pubmed.ncbi.nlm.nih.gov/33839914
https://doi.org/10.1089/hum.2022.130
https://pubmed.ncbi.nlm.nih.gov/36166236
https://doi.org/10.1146/annurev.med.60.041807.123500
https://doi.org/10.1146/annurev.med.60.041807.123500
https://pubmed.ncbi.nlm.nih.gov/19824815
https://doi.org/10.4049/jimmunol.1900039
https://pubmed.ncbi.nlm.nih.gov/30910861
https://doi.org/10.3389/fimmu.2018.01844

11.

12.

13.

14.

15.

16.

17.

18.

PMID:30158928

Glasser SW, Detmer EA, Ilkegami M, Na CL, Stahlman
MT, Whitsett JA. Pneumonitis and emphysema in sp-C
gene targeted mice. J Biol Chem. 2003; 278:14291-8.
https://doi.org/10.1074/jbc.M210909200
PMID:12519727

Li G, Zhang H, Zhao J, Liu Q, lJiao J, Yang M, Wu C.
Machine learning-based construction of immunogenic
cell death-related score for improving prognosis and
response to immunotherapy in melanoma. Aging
(Albany NY). 2023; 15:2667-88.
https://doi.org/10.18632/aging.204636
PMID:37036471

Li G, Song Z, Wu C, Li X, Zhao L, Tong B, Guo Z, Sun M,
Zhao J, Zhang H, Jia L, Li S, Wang L. Downregulation of
NEDDAL by EGFR signaling promotes the development
of lung adenocarcinoma. J Transl Med. 2022; 20:47.
https://doi.org/10.1186/s12967-022-03247-4
PMID:35090513

Li G, Xie Q, Yang Z, Wang L, Zhang X, Zuo B, Zhang S,
Yang A, Jia L. Spl-mediated epigenetic dysregulation
dictates HDAC inhibitor susceptibility of HER2-
overexpressing breast cancer. Int J Cancer. 2019;
145:3285-98.

https://doi.org/10.1002/ijc.32425

PMID:31111958

Deng Y, Song Z, Huang L, Guo Z, Tong B, Sun M, Zhao J,
Zhang H, Zhang Z, Li G. Tumor purity as a prognosis and
immunotherapy relevant feature in cervical cancer.
Aging (Albany NY). 2021; 13:24768-85.
https://doi.org/10.18632/aging.203714
PMID:34844217

Zhao H, Zhang J, Fu X, Mao D, Qi X, Liang S, Meng G,
Song Z, Yang R, Guo Z, Tong B, Sun M, Zuo B, Li G.
Integrated bioinformatics analysis of the NEDD4 family
reveals a prognostic value of NEDDAL in clear-cell renal
cell cancer. PeerJ. 2021; 9:e11880.
https://doi.org/10.7717/peerj.11880

PMID:34458018

Wu J, Li L, Zhang H, Zhao Y, Zhang H, Wu S, Xu B. A risk
model developed based on tumor microenvironment
predicts overall survival and associates with tumor
immunity of patients with lung adenocarcinoma.
Oncogene. 2021; 40:4413-24.
https://doi.org/10.1038/s41388-021-01853-y
PMID:34108619

Bischoff P, Trinks A, Obermayer B, Pett JP,
Wiederspahn J, Uhlitz F, Liang X, Lehmann A,
Jurmeister P, Elsner A, Dziodzio T, Rickert JC,
Neudecker J, et al. Single-cell RNA sequencing reveals
distinct tumor microenvironmental patterns in lung
adenocarcinoma. Oncogene. 2021; 40:6748-58.

19.

20.

21.

22.

23.

24,

25.

https://doi.org/10.1038/s41388-021-02054-3
PMID:34663877

Gao G, Liao W, Ma Q, Zhang B, Chen Y, Wang Y. KRAS
G12D mutation predicts lower TMB and drives immune
suppression in lung adenocarcinoma. Lung Cancer.
2020; 149:41-5.
https://doi.org/10.1016/j.lungcan.2020.09.004
PMID:32956987

Zhao Z, He B, Cai Q, Zhang P, Peng X, Zhang Y, Xie H,
Wang X. Combination of tumor mutation burden and
immune infiltrates for the prognosis of lung
adenocarcinoma. Int  Immunopharmacol. 2021;
98:107807.
https://doi.org/10.1016/j.intimp.2021.107807
PMID:34175739

Skoulidis F, Goldberg ME, Greenawalt DM, Hellmann
MD, Awad MM, Gainor JF, Schrock AB, Hartmaier RJ,
Trabucco SE, Gay L, Ali SM, Elvin JA, Singal G, et al.
STK11/LKB1 Mutations and PD-1 Inhibitor Resistance
in KRAS-Mutant Lung Adenocarcinoma. Cancer Discov.
2018; 8:822-35.
https://doi.org/10.1158/2159-8290.CD-18-0099
PMID:29773717

Formenti SC, Rudqvist NP, Golden E, Cooper B,
Wennerberg E, Lhuillier C, Vanpouille-Box C, Friedman
K, Ferrari de Andrade L, Wucherpfennig KW, Heguy A,
Imai N, Gnjatic S, et al. Radiotherapy induces responses
of lung cancer to CTLA-4 blockade. Nat Med. 2018;
24:1845-51.
https://doi.org/10.1038/s41591-018-0232-2
PMID:30397353

Perez-Ruiz E, Minute L, Otano |, Alvarez M, Ochoa MC,
Belsue V, de Andrea C, Rodriguez-Ruiz ME, Perez-
Gracia JL, Marquez-Rodas |, Llacer C, Alvarez M, de
Luque V, et al. Prophylactic TNF blockade uncouples
efficacy and toxicity in dual CTLA-4 and PD-1
immunotherapy. Nature. 2019; 569:428-32.
https://doi.org/10.1038/s41586-019-1162-y
PMID:31043740

Gide TN, Quek C, Menzies AM, Tasker AT, Shang P,
Holst J, Madore J, Lim SY, Velickovic R, Wongchenko M,
Yan Y, Lo S, Carlino MS, et al. Distinct Immune Cell
Populations  Define  Response to  Anti-PD-1
Monotherapy and Anti-PD-1/Anti-CTLA-4 Combined
Therapy. Cancer Cell. 2019; 35:238-55.€6.
https://doi.org/10.1016/j.ccell.2019.01.003
PMID:30753825

Beers MF, Mulugeta S. Surfactant protein C
biosynthesis and its emerging role in conformational
lung disease. Annu Rev Physiol. 2005; 67:663-96.
https://doi.org/10.1146/annurev.physiol.67.040403.10
1937 PMID: 15709974

WWWw.aging-us.com

12469

AGING


https://pubmed.ncbi.nlm.nih.gov/30158928
https://doi.org/10.1074/jbc.M210909200
https://pubmed.ncbi.nlm.nih.gov/12519727
https://doi.org/10.18632/aging.204636
https://pubmed.ncbi.nlm.nih.gov/37036471
https://doi.org/10.1186/s12967-022-03247-4
https://pubmed.ncbi.nlm.nih.gov/35090513
https://doi.org/10.1002/ijc.32425
https://pubmed.ncbi.nlm.nih.gov/31111958
https://doi.org/10.18632/aging.203714
https://pubmed.ncbi.nlm.nih.gov/34844217
https://doi.org/10.7717/peerj.11880
https://pubmed.ncbi.nlm.nih.gov/34458018
https://doi.org/10.1038/s41388-021-01853-y
https://pubmed.ncbi.nlm.nih.gov/34108619
https://doi.org/10.1038/s41388-021-02054-3
https://pubmed.ncbi.nlm.nih.gov/34663877
https://doi.org/10.1016/j.lungcan.2020.09.004
https://pubmed.ncbi.nlm.nih.gov/32956987
https://doi.org/10.1016/j.intimp.2021.107807
https://pubmed.ncbi.nlm.nih.gov/34175739
https://doi.org/10.1158/2159-8290.CD-18-0099
https://pubmed.ncbi.nlm.nih.gov/29773717
https://doi.org/10.1038/s41591-018-0232-2
https://pubmed.ncbi.nlm.nih.gov/30397353
https://doi.org/10.1038/s41586-019-1162-y
https://pubmed.ncbi.nlm.nih.gov/31043740
https://doi.org/10.1016/j.ccell.2019.01.003
https://pubmed.ncbi.nlm.nih.gov/30753825
https://doi.org/10.1146/annurev.physiol.67.040403.101937
https://doi.org/10.1146/annurev.physiol.67.040403.101937
https://pubmed.ncbi.nlm.nih.gov/15709974

26.

27.

28.

29.

30.

31

32.

33.

Dickens JA, Rutherford EN, Abreu S, Chambers JE, Ellis
MO, van Schadewijk A, Hiemstra PS, Marciniak SJ.
Novel insights into surfactant protein C trafficking
revealed through the study of a pathogenic mutant.
Eur Respir J. 2022; 59:2100267.
https://doi.org/10.1183/13993003.00267-2021
PMID:34049951

Hofer CC, Woods PS, Davis IC. Infection of mice with
influenza A/WSN/33 (H1N1) virus alters alveolar type Il
cell phenotype. Am J Physiol Lung Cell Mol Physiol.
2015; 308:L628-38.
https://doi.org/10.1152/ajplung.00373.2014
PMID:25595651

Li B, Meng YQ, Li Z, Yin C, Lin JP, Zhu DJ, Zhang SB. MiR-
629-3p-induced downregulation of SFTPC promotes
cell proliferation and predicts poor survival in lung
adenocarcinoma. Artif Cells Nanomed Biotechnol.
2019; 47:3286-96.
https://doi.org/10.1080/21691401.2019.1648283
PMID:31379200

Liu Y, Li C Lu Y, Liu C, Yang W. Tumor
microenvironment-mediated immune tolerance in
development and treatment of gastric cancer. Front
Immunol. 2022; 13:1016817.
https://doi.org/10.3389/fimmu.2022.1016817
PMID:36341377

Frankel T, Lanfranca MP, Zou W. The Role of Tumor
Microenvironment in Cancer Immunotherapy. Adv Exp
Med Biol. 2017; 1036:51-64.
https://doi.org/10.1007/978-3-319-67577-0 4
PMID:29275464

Yoshihara K, Shahmoradgoli M, Martinez E, Vegesna R,
Kim H, Torres-Garcia W, Treviiio V, Shen H, Laird PW,
Levine DA, Carter SL, Getz G, Stemke-Hale K, et al.
Inferring tumour purity and stromal and immune cell
admixture from expression data. Nat Commun. 2013;
4:2612.

https://doi.org/10.1038/ncomms3612 PMID:24113773

Zhang L, Jiang B, Lan Z, Yang C, Yao Y, Lin J, Wei Q.
Immune infiltration landscape on prognosis and
therapeutic response and relevant epigenetic and
transcriptomic mechanisms in lung adenocarcinoma.
Front Immunol. 2022; 13:983570.
https://doi.org/10.3389/fimmu.2022.983570
PMID:36275753

Sezer A, Kilickap S, Glimiis M, Bondarenko 1, Ozgiiroglu
M, Gogishvili M, Turk HM, Cicin |, Bentsion D, Gladkov
O, Clingan P, Sriuranpong V, Rizvi N, et al. Cemiplimab
monotherapy for first-line treatment of advanced non-
small-cell lung cancer with PD-L1 of at least 50%: a
multicentre, open-label, global, phase 3, randomised,
controlled trial. Lancet. 2021; 397:592-604.
https://doi.org/10.1016/50140-6736(21)00228-2

34.

35.

36.

37.

38.

39.

PMID:33581821

Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, CsGszi
T, FUlop A, Gottfried M, Peled N, Tafreshi A, Cuffe S,
O’Brien M, Rao S, Hotta K, et al. Updated Analysis of
KEYNOTE-024: Pembrolizumab Versus Platinum-Based
Chemotherapy for Advanced Non-Small-Cell Lung
Cancer With PD-L1 Tumor Proportion Score of 50% or
Greater. J Clin Oncol. 2019; 37:537-46.
https://doi.org/10.1200/JC0.18.00149
PMID:30620668

Wu D, Hu L, Han M, Deng Y, Zhang Y, Ren G, Zhao X, Li
Z, Li P, Zhang Y, Chen S, Li J, Shi Y, et al. PD-1 signaling
facilitates activation of lymphoid tissue inducer cells by
restraining fatty acid oxidation. Nat Metab. 2022;
4:867-82.
https://doi.org/10.1038/s42255-022-00595-9
PMID:35788761

Kennedy A, Waters E, Rowshanravan B, Hinze C,
Williams C, Janman D, Fox TA, Booth C, Pesenacker
AM, Halliday N, Soskic B, Kaur S, Qureshi OS, et al.
Differences in CD80 and CD86 transendocytosis reveal
CD86 as a key target for CTLA-4 immune regulation.
Nat Immunol. 2022; 23:1365-78.
https://doi.org/10.1038/s41590-022-01289-w
PMID:35999394

Cao J, Yang X, Chen S, Wang J, Fan X, Fu S, Yang L. The
predictive efficacy of tumor mutation burden in
immunotherapy across multiple cancer types: A meta-
analysis and bioinformatics analysis. Transl Oncol.
2022; 20:101375.
https://doi.org/10.1016/j.tranon.2022.101375
PMID:35339028

Ricciuti B, Wang X, Alessi JV, Rizvi H, Mahadevan NR, Li
YY, Polio A, Lindsay J, Umeton R, Sinha R, Vokes NI,
Recondo G, Lamberti G, et al. Association of High
Tumor Mutation Burden in Non-Small Cell Lung
Cancers With Increased Immune Infiltration and
Improved Clinical Outcomes of PD-L1 Blockade Across
PD-L1 Expression Levels. JAMA Oncol. 2022; 8:1160-8.
https://doi.org/10.1001/jamaoncol.2022.1981
PMID:35708671

Yu L, Wei J, Liu P. Attacking the PI3K/Akt/mTOR
signaling pathway for targeted therapeutic treatment
in human cancer. Semin Cancer Biol. 2022; 85:69-94.
https://doi.org/10.1016/j.semcancer.2021.06.019
PMID:34175443

. Khezri MR, Jafari R, Yousefi K, Zolbanin NM. The

PI3K/AKT signaling pathway in cancer: Molecular
mechanisms and possible therapeutic interventions.
Exp Mol Pathol. 2022; 127:104787.
https://doi.org/10.1016/j.yexmp.2022.104787
PMID:35644245

WWWw.aging-us.com

12470

AGING


https://doi.org/10.1183/13993003.00267-2021
https://pubmed.ncbi.nlm.nih.gov/34049951
https://doi.org/10.1152/ajplung.00373.2014
https://pubmed.ncbi.nlm.nih.gov/25595651
https://doi.org/10.1080/21691401.2019.1648283
https://pubmed.ncbi.nlm.nih.gov/31379200
https://doi.org/10.3389/fimmu.2022.1016817
https://pubmed.ncbi.nlm.nih.gov/36341377
https://doi.org/10.1007/978-3-319-67577-0_4
https://pubmed.ncbi.nlm.nih.gov/29275464
https://doi.org/10.1038/ncomms3612
https://pubmed.ncbi.nlm.nih.gov/24113773
https://doi.org/10.3389/fimmu.2022.983570
https://pubmed.ncbi.nlm.nih.gov/36275753
https://doi.org/10.1016/S0140-6736(21)00228-2
https://pubmed.ncbi.nlm.nih.gov/33581821
https://doi.org/10.1200/JCO.18.00149
https://pubmed.ncbi.nlm.nih.gov/30620668
https://doi.org/10.1038/s42255-022-00595-9
https://pubmed.ncbi.nlm.nih.gov/35788761
https://doi.org/10.1038/s41590-022-01289-w
https://pubmed.ncbi.nlm.nih.gov/35999394
https://doi.org/10.1016/j.tranon.2022.101375
https://pubmed.ncbi.nlm.nih.gov/35339028
https://doi.org/10.1001/jamaoncol.2022.1981
https://pubmed.ncbi.nlm.nih.gov/35708671
https://doi.org/10.1016/j.semcancer.2021.06.019
https://pubmed.ncbi.nlm.nih.gov/34175443
https://doi.org/10.1016/j.yexmp.2022.104787
https://pubmed.ncbi.nlm.nih.gov/35644245

SUPPLEMENTARY MATERIALS

Supplementary Figures
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Supplementary Figure 1. Tumor microenvironment landscape of SFTPC-based classification. (A) The immune and stromal scores
based on SFTPC classification in the TCGA_LUAD cohort. (B) The tumor purity based on SFTPC classification in the TCGA_LUAD cohort.
(C) Expression of immune checkpoint genes based on SFTPC classification in the TCGA_LUAD cohort. (D) Distribution of infiltrating immune
cells based on SFTPC classification in the TCGA_LUAD cohort. (E) Heatmap showed the 29 Fges based on SFTPC classification in the
TCGA_LUAD cohort.
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Supplementary Figure 2. Boxplot of immune cell score and immune function score based on PRRS. (A-E) Boxplot of immune cell

score and immune function score based on risk score classification in TCGA_LUAD
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Supplementary Figure 3. Heatmap of correlation between immune cells and the 13 crucial genes.
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Supplementary Figure 4. Immunohistochemical detection of target gene in Tangdu Hospital cohort. (A-P) Protein levels of
target genes in patients in Tangdu Hospital cohort, and representative IHC staining of indicated proteins in carcinoma and para-carcinoma
tissues: PI3K (A, B), p-PI3K (C, D), AKT (E, F), p-AKT (G, H), mTOR (I, J), p-mTOR (K, L), RPS6KB1 (M, N), and p-RPS6KB1 (O, P).
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Supplementary Tables
Please browse the Full Text version to see the data of Supplementary Tables 3, 4.

Supplementary Table 1. Sequences of SFTPC-RNA..

gene RNAI sequence
shSFTPC#1 GCTGCTACATCATGAAGATAG
shSFTPC#2 GGTGTATGACTACCAGCAGCT

Supplementary Table 2. Antibody information.

SFTPC (DF6647, Affinity)

PI3K (AF6241, Affinity)

phospho-PI3K (AF3242, Affinity)

AKT (AF6261, Affinity)

phospho-AKT (AF0016, Affinity)

MTOR (AF6308, Affinity)

phospho-mTOR (AF3309, Affinity)

RPS6KB1 (AF6226, Affinity)

phospho-RPS6KB1 (AF3228, Affinity)

GAPDH (T0004, Affinity)

Goat Anti-Rabbit IgG (H+L) HRP (S0001, Affinity)
Goat Anti-Mouse IgG (H+L) HRP (S0002, Affinity)

Supplementary Table 3. GSEA results of the stratified subgroups of SFTPC.

Supplementary Table 4. Correlation analyses between the SFTPC-related risk score and the sensitivity of 165
drugs.
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