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Abstract.

BACKGROUND: Lung adenocarcinoma (LUAD) is a prevalentform of malignancy globally. Disulfidptosis is novel programmed
cell death pathway based on disulfide proteins, may have a positive impact on the development of LUAD treatment strategies.
OBJECTIVE: To investigate the impact of disulfidptosissrelated genes (DRGs) on the prognosis of LUAD, developed a risk
model to facilitate the diagnosis and prognostication of patients; We also explored ACTN4 (DRGs) as a new therapeutic biomarker
for LUAD.

METHODS: We investigated the expression pattérns of DRGs in both LUAD and noncancerous tissues. To assess the prognostic
value of the DRGs, we developed risk modelsthrough univariate Cox analysis and lasso regression. The expression and function
of ACTN4 was evaluated by qRT-PCR, immunehistochemistry and in vitro experiments. The TIMER examined the association
between ACTN4 expression and immuné€ infiltration in LUAD.
RESULTS: Ten differentially expressed, DRGs were identified. And ACTN4 was identified as potential risk factors through
univariate Cox regression analysis (P 0.05). ACTN4 expression and riskscore were used to construct a risk model to predict
overall survival in LUAD, and highsrisk demonstrated a significantly higher mortality rate compared to the low-risk cohort.
gRT-PCR and immunohistechemistry assays indicated ACTN4 was upregulated in LUAD, and the upregulation was associated
with clinicopathologic features. In vitro experiments showed the knockdown of ACTN4 expression inhibited the proliferation in
ILUAD cells. The TIMER analysis demonstrated a correlation between the expression of ACTN4 and the infiltration of diverse
immune cells. Elevated ACTN4 expression was associated with a reduction in memory B cell count. Additionally, the ACTN4
expression was associated with m6A modification genes.
ICONCLUSIONS: Our study introduced a prognostic model based on DRGs, which could forecast the prognosis of patients with|
ILUAD. The biomarker ACTN4 exhibits promise for the diagnosis and management of LUAD, given its correlation with tumor
immune infiltration and m6A modification.
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1. Introduction

According to research, lung cancer is the primary
cause of cancer-related mortality on a global scale [1].
Specifically, non-small cell lung cancer comprises 85%
of all cases, with lung adenocarcinoma (LUAD) being
the most common subtype [2]. While driver mutations,
including EGFR, KRAS, ALK, and TP53, play a criti-
cal role in LUAD [3,4,5], only about 30% of patients
benefit from targeted treatment [6]. Despite the imple-
mentation of diverse therapeutic approaches, including
surgery, radiotherapy, chemotherapy, and immunother-
apy, certain patients continue to encounter postopera-
tive recurrence and metastasis [7,8]. Therefore, there
exists a pressing necessity to devise dependable and
efficacious prognostic biomarkers, construct risk prog-
nostic models, and guide physicians in evaluating pa-
tients for individualized and optimal treatment. This
is especially important given the rapid development of
bioinformatics.

A recent study has identified a novel form of pro-
grammed cell death, termed disulfidptosis, which is re-
liant on disulfide proteins [9]. The current body of re-
search indicates that the presence of disulfides is linked
to changes in cellular redox state, which can induce
the demise of neoplastic cells by modifying the con-
formation of cytoskeletal proteins. Consequently, this
discovery may represent a significant advancement in
the field of tumor therapy, and additional investigation
and inquiry into the precise mechanism is, wartanted.

Disulfide metabolism pertains to the*biechemical
process through which disulfides are-transformed into
more stable compounds via divers€ ¢hemical reac-
tions within the human body. Recent research has re-
vealed that tumors exhibit/anomalies in the expres-
sion and operation of epzymes responsible for disul-
fide metabolism, which'eould potentially be linked to
the occurrence and treatment of cancer [10,11,12]. The
aberrant expression and function of these disulfide-
metabolizing enzymes may result in the accumulation
and heightened toxicity of disulfides, thereby foster-
ing the development and advancement of tumorigen-
esis. Moreover, the metabolism of disulfide bonds in
cancer cells has been associated with various biologi-
cal phenomena, including drug resistance, metastasis,
and immune evasion, suggesting a potential correlation
between disulfide-mediated apoptosis and tumor im-
mune response [13,14]. Notably, ACTN4, a cytoskeletal
protein family member, is responsible for binding to
actin filaments to uphold cytoskeletal architecture and

cells within the extracellular matrix necessitates actin|
polymerization and rearrangement, thereby playing a
pivotal role in cancer cell motility [17,18]. Numerous
studies have indicated that the upregulation of ACTN4|
is commonly associated with an adverse prognosis,
metastasis, and aggressive phenotype in various types
of cancer [19,20,21]. High ACTN4 expression has been
recognized as a prognostic indicator of platinum-based
therapy outcome in LUAD. In the cohort of patients
exhibiting high ACTN4 expression, the implementation
of cisplatin-based adjuvant chemotherapy confers a sig-
nificant clinical benefit in terms of overall survival [22,
23]. A growing body of literature suggests that tumor
immunotherapy and N6-methyladenosine (m6A) are
crucial factors in the development of LUAD [24,25].
Nonetheless, the comprehension of ACTN4 in LUAD,
particularly the correlation between ACTN4 and tumor|
immunotherapy and moA modification, has received
limited attentions

This researeh,has developed a prognostic model uti-
lizing DGRsto forecast the prognosis of LUAD pa-
tients. Additionally, the study has confirmed the role
of ACIN4 in A549 and PCO cells. A multidimensional
analysis'was performed to assess the gene and func-
tional network associated with the expression of ACTN4|
in’'LUAD, as well as to investigate the relationship be-
tween its expression and tumor immunity and mo6A
modification. The results of this investigation offer a
theoretical foundation for identifying potential molecu-
lar mechanisms.

2. Materials and methods
2.1. Data acquisitions

RNA-seq data and clinicopathological parameters
sourced from The Cancer Genome Atlas and Genotype|
Tissue Expression Database, encompassing 574 LUAD
samples and 288 normal lung samples. The DRGs sef
were derived from the latest research [11,12].

2.2. Patient tissue samples

From 2019 to 2022, fifty paired LUAD tissues and
adjacent non-tumor tissues were obtained from pa-
tients who were diagnosed with LUAD at the Thoracic
Surgery Department of the First Affiliated Hospital off
Soochow University. The clinical information pertain-
ing to these patients was retrieved from their medical
records. The Ethics Committee of the First Affiliated
Hospital of Soochow University granted approval for]
this study, and informed consent was obtained from all

cellular morphology [15,16]. The migration of cancer
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participants. And the study conforms with The Code of
[Ethics of the World Medical Association (Declaration
of Helsinki), printed in the British Medical Journal (18
July 1964).

R.3. Cell lines

The cell lines utilized in this study were procured
from the Shanghai Institutes for Biological Sciences
(China). Specifically, LUAD cells (NCI-H1975, PC9,
and A549) were cultured in RPMI 1640 medium (Key-
Gene, Nanjing, China), and human bronchial epithelial
cell (HBE) was cultured in DMEM medium (10% fetal
bovine serum), respectively. All cells were maintained
at 37°C in a humidified incubator with 5% CO,.

2.4. RNA extraction and gqRT-PCR

The process of extracting Total RNA from tissue
samples or cells was conducted through the utilization
of TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
in adherence to the manufacturer’s guidelines. Subse-
quently, reverse transcription was executed using the
Prime Script RT kit (Takara, Nanjing, China), and qRT-
PCR was carried out using the SYBR Select Master
Mix kit (KeyGEN, Nanjing, China). Each qRT-PCR re-
action was performed in triplicate as follows: step 1: de-
naturation at 95°C for 10 min; step 2: 40 cycles of 95°C
for 15 s and 60°C for 1 min. The primers presefited in
the Supplementary Table 1.

2.5. siRNA construction and cell transfection,.cell
proliferation assays

The siRNAs targeting ACTN4¢was_produced from
RiboBio (Guangzhou, China)yand,the procedures for
cell transfection and cell proliferation assays were exe-
cuted in accordance with/prewviously established proto-
cols [26]. The sequenceswpresented in the Supplemen-
tary Table 1.

2.6. Immunohistochemistry (IHC)

IHC was conducted as described in refs. [26], and
THC was carried out using following antibodies: Anti-
ACTN4 antibody (#15145; Cell Signaling Technology,
USA).

2.7. Identification of differentially expressed DRGs
and prognostic genes

In this study, the “DESeq2” package was employed
to detect DRGs that were differentially expressed
(P < 0.05, lloga FC| < 2). Subsequently, the “string”

database (https://string-db.org/) was utilized to map
protein-protein interactions (PPIs). Furthermore, the
“survival” package was utilized to conduct univariate|
Cox regression analysis.

2.8. Construction of prognostic model based on DRGs$|

The standardized mRNA data from TCGA-LUAD
was utilized to establish the risk score, which was deter-
mined through Cox regression analysis. The coefficient
of DRGs was represented by X, while the expression
level of DRGs was represented by Y. Subsequently,
LUAD patients were classified into high-risk and low-
risk groups based on the median risk score, and OS was
analyzed.

The prognostic performance of the models was as-
sessed using receiver operating characteristic (ROC)
curves generated by the¥timeROC” package.

2.9. Construction of.nomograms and calibration
curves

Noemograms were generated utilizing the “RMS”’
package of R software to forecast individualized prob-
abilities*of survival, whereas calibration curves were
constructed to prognosticate the survival rates of LUAD
patients.

2.10. TIMER analysis

TIMER?2 (http://timer.cistrome.org/) is an interac-
tive web-based tool that utilizes the deconvolution
method to infer the gene expression spectrum of tumor-
infiltrating immune cells across various cancer types
from the TCGA dataset [27].

2.11. Statistical analysis

The statistical analyses were performed using R
software (version 4.1.1), and the experimental graphs
were generated using GraphPad Prism software (ver-
sion 8.0.). Unpaired t-tests were utilized for unpaired
samples, while paired t-tests were employed for paired
samples. The correlation of gene expression was evalu-
ated using Spearman’s correlation. A statistical signifi-
cance level of P < 0.05 was considered.

3. Results

3.1. Identification of differentially expressed DRGs in
LUAD

Fifteen genes (ACTB, ACTN4, CAPZB, CD2AP,
DSTN, FLNA, FLNB, INF2, IQGAP1, MYHI10, MYH9
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[Fig. 1. The differential expression of disulfidptosis=related genes (DRGs) in lung adenocarcinoma (LUAD) tissues compared to normal tissues.
(A) Volcano plot indicated DRGs. (B) Protein-protein interaction network illustrated the interactions among DRGs. Heat map (C) and boxplots
(D) of DRGs in LUAD compared the expressioniof PRGs in LUAD and normal tissues. (E) Mutation analysis of differentially expressed DRGs in|

TCGA-LUAD. *P < 0.05, and *** P < 0.001.

MYL6, PDLIM1, SLC7A11and FLN1) associated with
disulfidptosis were catalogedsf11,12]. Differential ex-
pression of ten genes wassdentified from 15 DRGs us-
ing the R package “DESeq2” (|logoFC > 2, FDR <
0.05). In LUAD, volcano plots, heat maps, and box-
plots indicated that nine genes (TLN1, FLNA, MYH10,
MYH9, PDLIM1, DSTN, MYL6, ACTN4, IQGAPI)
were significantly downregulated, while ACTB was up-
regulated (Fig. 1A, C, D). The PPI network of these
genes was depicted in Fig. 1B, and numerous mutations
in DRGs were observed in LUAD (Fig. 1E).

To enhance the understanding of the functions of
DRGs that exhibit differential expression, enrichment
analyses were conducted on GO and KEGG pathways.
The outcomes of the enrichment analyses indicated
that these genes were predominantly associated with

cytoskeletal components and cell-generated adhesion
factors (Fig. 2A-C).

3.2. Construction of a prognostic model based on
DRGs

A prognostic model was developed utilizing 10 DRGg
through LASSO regression, as depicted in Fig. 3A-B.
Subsequently, two genes (ACTB and ACTN4) (P <
0.05) were identified as potential risk factors through
univariate Cox regression analysis (Fig. 3C). Since
ACTB is highly conserved and stably expressed house-
keeping gene, it is not conducive to further research.
Therefore, our focus was directed towards exploring
the underlying mechanism of ACTN4. Furthermore, the
chi-square test revealed a significant association be-
tween ACTN4 levels and both T stage (P = 0.04156)
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[Fig. 2. Functional Annotation of disulfidptosis-related genes (DRGs) in TCGA-LUAD: Enrichment analyses in GO (A) and KEGG (B-C) pathways,
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[Fig. 3. Construction of a risk prognostic model based on disulfidptosis-related genes (DRGs) in TCGA-LUAD. (A) LASSO regression of DRGs,
(B) Cross-validation for tuning the parameter selection in the LASSO regression. (C) Univariate Cox regression analysis of DRGs. (D) The mRNA|
expression of ACTN4 is upregulated in 90% of 50 lung adenocarcinoma (LUAD) tissues compared to normal tissues. The mRNA expression of
WCTN4 was positively with (E) T stage (** P < 0.01), (F) lymphatic metastasis (** P < 0.001), and (G) TNM stage (** P < 0.01). (H) LUAD
patients with high expression of ACTN4 have a lower percentage of overall survival. ** P < 0.01, and *** P < 0.001.

and TNM stage (P = 0.01221) (Table 1). Comparing compared to normal tissues (Fig. 3D), and was pos-
50 pairs of LUAD and normal tissues, ACTN4 mRNA itively correlated with T stage (Fig. 3E), lymphatic

expression was increased in 90% (55/60) of LUAD as metastasis (Fig. 3F), and TNM stage (Fig. 3G). The
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Table 1
Correlation between ACTN4 expression and clinicalpathological characteristics in TCGA-LUAD
Characteristics Low expression of ACTN4 High expression of ACTN4 P value
n 269 270
Age, n (%) 0.85995
< 65 130 (25%) 127 (24.4%)
> 65 131 (25.2%) 132 (25.4%)
Gender, n (%) 0.57664
Female 141 (26.2%) 148 (27.5%)
Male 128 (23.7%) 122 (22.6%)
Smoker, n (%) 0.18059
No 33 (6.3%) 44 (8.4%)
Yes 229 (43.6%) 219 (41.7%)
T stage, n (%) 0.04156
T1 97 (18.1%) 79 (14.7%)
T2 147 (27.4%) 145 (27.1%)
T3 16 (3%) 33 (6.2%)
T4 8 (1.5%) 11 (2.1%)
N stage, n (%) 0.05105
NO 187 (35.8%) 163 (31.2%)
N1 42 (8%) 55 (10.5%)
N2&N3 31 (5.9%) 45 (8.6%)
M stage, n (%) 0.30129
MO 185 (47.4%) 180 (46:2%)
Ml 10 (2.6%) 15 (3.8%)
TNM stage, n (%) 0.01221
Stage I 166 (31.3%) 130%24.5%)
Stage II 53 (10%) 72 (13.6%)
Stage 111 34 (6.4%) 50 (9.4%)
Stage IV 11 (2.1%) 15 (2.8%)
A 3 10 4 C -
— Low Risk
5 — High Risk
§ 21 Risk Group 08 0.8 -
: | ¥}
* : ;i 0.6 2 06
o™ 1 = <
7 & =
00 1 }i, 047 £ 04
. I B
0 4 ! . e P e “
L d o a . [ : m‘i bl 5 RiskScore
3 2000{8° ‘:\ s f:.. oy o 3 ! o s 10 13 2 . [ LpeacqauCrosen
: | et i
O —— e W 2 LowRisk 267 29 00 : ; ;
1 1 0.00 0.25 (.50 0.75 1.00
Pt ‘ ‘ ‘ H | ‘ | |H ‘ 4 High Risk 263 24 6 2 1-Specificity (FPR)

prediction.

[Fig. 4. Construction of the prognostic model based on ACTN4 and riskscore in TCGA-LUAD. (A) distribution of risk score, survival status and the
expression of prognostic ACTN4. (B) Kaplan-Meier plot of the riskscore and overall survival. (C) ROCs for 1-year, 3-year and 5-year survival

results of the survival analysis indicated that patients
with elevated levels of ACTN4 expression experienced
a significantly lower overall survival rate (P = 0.010,
Fig. 3H).

3.3. Construction of the prognostic model based on
ACTN4 and Riskscore

To explore the potential of ACTN4 as a prognostic
marker for LUAD, a prognostic model was constructed

utilizing ACTN4 expression and riskscore. The findings
revealed that the cohort identified as high-risk demon-
strated a significantly higher mortality rate and a de-
creased duration of survival when compared to the low-
risk cohort. Furthermore, elevated scores were indica-
tive of an unfavorable prognosis in LUAD (Fig. 4A).
The Kaplan Meier curve provided additional evidence
that patients categorized in the high-risk group exhib-
ited an unfavorable prognosis (P = 0.005, Fig. 4B).
Furthermore, time-dependent ROC analysis indicated
that the prognostic precision of OS was 0.557 at 1 year.
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0.573 at 3 years, and 0.576 at 5 years (Fig. 4C). The re-
sults indicated that the genetic signature of ACTN4 may
have practical implications for predicting the prognosis
of LUAD.

3.4. Construction of nomogram and calibration curves

In order to improve the quantitative prognostica-
tion of LUAD, we developed a nomogram that inte-
grates age, sex, smoking, T, N, M, stage and riskscore
(Fig. 5A). Additionally, we generated a calibration
curve that demonstrated a close alignment bétween the
predicted and actual survival outcomes.of\LUAD pa-
tients (Fig. 5B). These results indicated,that the inclu-
sion of a risk score is a dependable, methed for forecast-
ing the overall survival of indiyiduals who have been
diagnosed with LUAD.

3.5. Knockdown of ACTN4 inhibited LUAD cell
proliferation

IHC staining showed that ACTN4 was significantly
higher than in adjacent normal tissues compared to
LUAD cancer tissues (n = 50, Fig. 6A). Addition-
ally, IHC images of two patients were presented in
Fig. 6B. Furthermore, ACTN4 expression was signif-
icantly higher in LUAD cell lines compared to HBE.
To further elucidate the biological function of ACTN4
in LUAD, two specific ACTN4-targeting siRNA were
transfected into A549 and PC9 cells (Fig. 6D-E). CCK8
proliferation assay indicated that the knockdown of
ACTN4 expression inhibited the proliferation in LUAD

[Fig. 5. Nomogram development and validation. (A) Nomogram to predict the 1-year, 3-year and 5-year, overall survival (OS) rate of lung
adenocarcinoma (LUAD) patients. (B) Calibration curve for the OS nomogram model in LUAD.

3.6. ACTN4 expression is associated with immune
signaturesumLUAD

The existence of tumor-infiltrating lymphocytes is
an autonomous predictor for both lymph node invasion
and survival [28]. As depicted in Fig. 7A, TIMER2
website analysis indicated that ACTN4 expression was
correlated with CD4+ T cells (P = 4.78 x 1079),
macrophages (P = 1.20 x 10~3), neutrophil (P =
1.45 x 10~%) and dendrites cells (P = 3.73 x 10™%),
suggesting a pivotal role of ACTN4 in the immune in-
filtration of LUAD. Furthermore, a significant correla-
tion was observed between ACTN4 CNV and the level
of infiltration by B cells, CD4+- T cells, macrophages,
neutrophils, and dendritic cells (Fig. 7B). The ssGSEA|
algorithm was used to calculate the markers of 24 im-
mune cells to verify the immune infiltration of ACTN4|
in LUAD (Fig. 7C).

In order to examine the relationship between ACTN4
and a range of immune infiltrating cells in LUAD, the|
TIMER tool was employed to assess the correlation of
ACTN4 with multiple immune cell markers in LUAD
(Table 2). The findings indicated a noteworthy corre-
lation between the expression of ACTN4 and the ex-
pression of B cell immune markers CD20 and CD19
(P < 0.05, Table 2). A diverse array of T cells with|
varying functions were analyzed. Upon controlling for|
tumor purity, a noteworthy association was observed
between the expression of ACTN4 and specific immune
markers of T cells, including CD183, CD212, CD195,
CD360, FOXP3, CD73, PD-1, and LAG3 (P < 0.05,
Table 2). This observation implies that ACTN4 could
potentially participate in the T cell immune response to
LUAD. Furthermore, a noteworthy association was ob-

cells (Fig. 6F-QG)
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[Fig. 6. Knockdown of ACTN4 inhibited lung adenocarcinoma (LUAD) cell proliferation. (A) The ACTN4 staining score was up-regulated compared|
with that in adjacent normal tissues (n = 50). (B) Representative IHC staining images. (C) The mRNA expression of ACTN4 in LUAD cell lines ig
higher than normal lung epithelial cells (HBE). (D-E) . Two.specific ACTN4-targeting siRNA significantly depleted the mRNAs of ACTN4 in PC9
and A549 cells. (F-G) In CCK-8 assay, knockdown of A€TN4 inhibited PC9 and A549 cell proliferation. * P < 0.05, ** P < 0.01, and *** P <

0.001.

served between the expression level of ACTN4 and the
immune markers NOS2 and JRFS, of M1 macrophages,
implying that ACTN4 may-exert regulatory control over
macrophages (P < 0.05, Table 2). Additionally, we
uncovered a noteworthy association between ACTN4
and the immune markers CD68, CD11b, CD163, CCL2,
CD86, CD14 and CD7 of NK cells, neutrophils, and
dendritic cells in LUAD (P < 0.05, Table 2), signifying
that the expression of ACTN4 in LUAD is intricately
connected to the infiltration of immune cells through
diverse mechanisms.

Furthermore, 539 LUAD samples were classified
into two distinct groups based on their ACTN4 expres-
sion levels (high = 270, low = 269). To investigate
the potential variances in the tumor immune microen-
vironment between the two groups, we conducted an
analysis of the differential expression of 22 immune
cells (Fig. 7D). Our findings revealed that the ACTN4

high expression group demonstrated an increase in neu-
trophils, NK cells, and Th2 cells (P < 0.05), while
B cells, CD8+ T cells, cytotoxic cells, T cells, and TFH
were observed to be decreased in comparison to the low|
expression group (P < 0.05).

3.7. ACTN4 Expression is Associated with m6A RNA
Methylation Regulators in LUAD

The acknowledged importance of m6A modifica-
tion in the progression of LUAD prompted our analysis
of the expression correlation between ACTN4 and 20
m6A-related genes in the TCGA LUAD dataset [25,29].
Our findings indicate a significant correlation between|
ACTN4 expression and the 20 m6A-related genes in|
LUAD (P < 0.05, Fig. 8A-B). Furthermore, we found
that the expression of moa related genes was signifi-
cantly higher in the high-expression ACTN4 group com-
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[Fig. 7. Correlations of ACTN4 expression with immune infiltration level in lung adenocarcinoma (LUAD). (A) The expression of ACTN4 was
significantly correlated with infiltrating levels of CD4++ Tscells, macrophages, neutrophil and dendrites cells in LUAD. (B) ACTN4 CNV affects
the infiltrating levels of B cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells in LUAD. (C) The change ratio of 22 immune cell
subtypes in the high and low ACTN4 expression gfoups in LUAD. * P < 0.05, ** P < 0.01, and *** P < 0.001. (D) ssGSEA algorithm calculated|
the differential expression of 24 immune cellsimarkess'in high and low ACTN4 expression groups.

pared to the low-expression grotip (P < 0.05, Fig. 8C),
with the exception of METZLS, which demonstrated a
decrease (P < 0.05, Fige8C)=These outcomes imply a
close association between.,ACTN4 and m6A modifica-
tion in LUAD.

4. Discussion

LUAD is a prevalent and perilous neoplasm char-
acterized by a high incidence of metastasis and mor-
tality, and represents a significant area of interest for
cancer research [1]. To effectively address this disease
and elucidate its underlying mechanisms, a more pro-
found understanding is necessary. Recent investigations
have uncovered a novel mode of cell death, known as
disulfidptosis, which has been implicated in cancer-

mitigate cellular oxidative stress by activating the an-
tioxidant enzyme system, thereby impeding tumorige-
nesis and progression [30]. For example, tumor cells
have the ability to manipulate the intracellular redox
environment by utilizing disulfides, which facilitates
the growth and dissemination of tumors [31]. Antineo-
plastic agents, including cisplatin and paclitaxel, hin-
der tumor initiation and progression by interacting with
intracellular disulfides [32,33]. Consequently, the con-
cept of disulfidptosis presents a promising opportunity|
for the advancement of therapeutic interventions for
LUAD.

The aim of this study was to construct a prognostic
model that employs DRGs to diagnose and forecast the
prognosis of patients with LUAD. Initially, potential
risk genes were identified through the use of univariate
Cox and Lasso Cox regression analyses, with ACTN4|

elated pathways [9,12]. Disulfide has been shown to

being singled out. Subsequently, a prognostic model
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Table 2

Correlation analysis between ACTN4 and relate genes and markers of

immune cells in TIMER

Gene markers

Gene markers

B cell CD19
CD20
CD70
CDSA
CD8B
CD25
Tth CD183
CD185
CD278
Thl CD212
CDI191
CD195
Th2 CD1%4
CD198
CD365
CD360
IL23R
CD196
Treg FOXP3
CD73
CD127
PD-1
CTLA4
LAG3
CD68
CDl11b
NOS2
IRF5
CD163
CD206
CCL2
CD86
CD14
CD33
CD57
KIR3DL1
CD7
CD16
CDS55
CDI1C
CD141

CD8+ T Cell

Thl7

T cell exhaustion

Macrophage

M1 macrophage
M2 macrophage
TAM

Monocyte

Natural killereell

Neutrophi

Dendritic cell

partial.cor P value
—0.105890 1.87E-02*
—0.120400 7.44E-03**
0.082183 6.83E-02
0.041848 3.54E-01
0.000887 9.84E-01
0.040319 3.72E-01
0.125097 5.41E-03**
0.013307 7.68E-01
—0.049711 2.71E-01
0.106543 1.80E-02*
0.081040 7.22E-02
0.129645 3.93E-03**
—0.052490 2.45E-01
0.043452 3.36E-01
0.031213 4.89E-01
0.103248 2.19E-02*
—0.035306 4.34E-01
—0.061000 1.76E-01
0.141300 1.66E-03"
0.217631 1.07E-06***
0.025895 566E-01
0.120094 7:60E-03**
—0.026046 5.64E-01
0.149673 8.57E-04***
07161359 3.22E-04***
0.197407 1.01E-05***
0.126003 5.08E-03**
0.181242 5.18E-05***
0.150301 8.15E-04***
0.042607 3.45E-01
0.116461 9.65E-03**
0.161359 3.22E-04***
0.105238 1.94E-02*
0.013952 7.57TE-01
0.081677 7.00E-02
0.073553 1.03E-01
0.125883 5.12E-03**
0.114612 1.09E-02*
—0.123207 6.16E-03**
—0.116498 9.63E-03**
0.165256 2.28E-04***

was developed utilizing the expression of ACTN4 and
riskscore, which exhibited effectiveness in prognosti-
cating the outcome of LUAD. As a result, experimental
investigations were conducted to elucidate the precise
role of ACTN4. THC analysis revealed that the expres-
sion of ACTN4 protein in LUAD was higher than in
adjacent tissues, and its expression was correlated with
clinicopathological features. In vitro cell experiments
demonstrated that the inhibition of ACTN4 expression
could suppress the proliferation of LUAD cells, which
is in accordance with previous studies [34].

ACTN4 expression level was significantly correlated
with a variety of immune cells and immune cell marker
genes. Notably, high expression of ACTN4 was posi-

tively correlated with increased levels of neutrophils,
NK cells, and Th2 cells, while the levels of B cells,
CD8+ T cells, cytotoxic cells, T cells, and TFH were
observed to be reduced. We speculate that ACTN4 has
the potential to augment and fortify the immune re-
sponse of neoplastic cells through the modulation of]
memory B cells, which are capable of identifying and
binding tumor-specific antigens and generating tumor-
specific antibodies. Memory B cells have the ability|
to collaborate with various immune cells, including
T cells, macrophages, and dendritic cells, to enhance
the activity and effectiveness of the immune response,
resulting in a more robust attack on malignant cells due
to their extended persistence in the body [35]. Thesel
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findings suggest that ACTN4 plays a crucial role in the
immune infiltration of LUAD. As a result, it is posited
that an excess of ACTN4 in vivo would prompt im-
mune reactions against tumors. Nevertheless, further
controlled and clinical trials are required to validate this
hypothesis.

The presence of M6A modification in eukaryotic
RNA is evident in numerous biological processes, par-
ticularly in the promotion of tumor development within
the tumor immune microenvironment [36]. The current
investigation has demonstrated a noteworthy associa-
tion between the expression of ACTN4 and 20 m6A-
related genes. Furthermore, the heightened expression
of ACTN4 has been linked to elevated levels of 19 m6A-

elated genes, except for METTL3 which displayed a

Fig. 8. Correlations of ACTN4 expression with/m6A related genes in lung adenocarcinoma (LUAD). (A) TCGA-LUAD analyzed the correlation
between the expression level of ACTN4.and m6A-related genes. (B) Draw a scatter plot to show the correlation between ACTN4 and m6A related|
genes. (C) The differential expression‘of m6A related genes in the high and low ACTN4 expression groups in LUAD. * P < 0.05, and *** P <

reduction. These observations imply that ACTN4 may|
undergo m6A modification, thereby enhancing mRNA|
stability and ultimately influencing the tumor immune|
microenvironment, thereby facilitating tumor progres-
sion.

Disulfidptosis, a novel form of cell death, was identi-
fied by Liu et al. [9]. They observed that sugar-deficient
cancer cells with high expression of SLC7A11 experi-
enced disrupted disulfide binding between cytoskele-
tal proteins due to the accumulation of disulfide sub-
stances, leading to histone skeleton breakdown and
cell death. SLC7AI1, a key determinant of glucose
deficiency-induced cell death in various cancer cell
lines [37,38], is frequently overexpressed in multi-
ple cancers, often correlating with poor patient out-
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comes [39,40,41]. Studies have shown that SLC7A11
knockout mice exhibit no distinct phenotype in major
organs, indicating its potential as a promising therapeu-
tic target in cancer treatment [42]. Recent research has
focused on exploiting SLC7A1I-associated metabolic
vulnerabilities (such as glucose or glutamine depen-
dence) to induce disulfidptosis, offering new strate-
gies for cancer therapy [43]. Liu et al. [44] demon-
strated that compared to cancer cells with low SLC7A11
expression, inhibitors of glucose transporters (GLUT)
were more effective in inducing disulfidptosis in cells
with high SLC7A11 expression. The use of KL-11743,
a potent inhibitor of GLUT1 and GLUT3, selectively
suppressed the growth of SLC7AII-expressing tu-
mors in cell line xenografts and lung cancer patient-
derived xenografts [45]. Furthermore, high expression
of SLC7A11 can serve as a biomarker for selecting
cancer patients who may benefit from glutaminase or
GLUT inhibitors for disulfidptosis treatment, offering
a new avenue for targeting cancer metabolism weak-
nesses through metabolic therapy.

However, there are some limitations to our study.
This was a retrospective study, with data from public
databases lacking information such as treatment and
relapse records. Our conclusions need to be validated
in vivo or in vitro experiments and prospective clinical
studies.

5. Conclusions

In brief, the current study has developed a novel
prognostic model utilizing DRGs, which demonstrates
a high degree of efficacy inpredicting the prognosis of
patients with LUAD. Futthetmore, in vitro experiments
have revealed a significant upregulation of ACTN4 in
LUAD, which is closely associated with the clinico-
pathological features of patients and can facilitate the
proliferation of LUAD cells. Additionally, a compre-
hensive analysis has been conducted to investigate the
correlation between ACTN4 expression and tumor im-
mune infiltration as well as m6A modification. The ex-
pression of ACTN4 displays a strong association with
various immune cells, thereby potentially impeding
the infiltration of memory B cells and influencing the
immune response against tumors. The m6A-mediated
modification of ACTN4 mRNA may augment its stabil-
ity, consequently impacting the tumor immune microen-
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