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Abstract. Significant advancements have been achieved in the 
area of molecular targeted therapy for lung adenocarcinoma 
(LUAD). However, the complex molecular patterns and high 
heterogeneity of LUAD confine the efficacy of these therapies 
to a specific subset of patients; therefore, it is necessary to 
explore novel targets for LUAD treatment. The expression 
levels of anillin (ANLN) in LUAD were analyzed using the 
Gene Expression Profiling Interactive Analysis database. 
Furthermore, the association between ANLN gene expres‑
sion and patient survival outcomes was evaluated using the 
Kaplan‑Meier Plotter. Subsequently, small interfering RNA 
(siRNA) transfection was performed to knock down ANLN 
in A549 and H1299 cell lines, after which, TUNEL, colony 
formation and Transwell assays were conducted to assess 
cell death, colony formation and migration, respectively. 
Additionally, western blot analysis was performed to analyze 
the expression levels of caspase‑1, interleukin (IL)‑18 (IL‑18), 
IL‑1β, NLR family pyrin domain‑containing 3 (NLRP3), 
apoptosis‑associated speck‑like protein containing a CARD 
domain (ASC) and cleaved gasdermin D (GSDMD) following 
ANLN knockdown. The results revealed that ANLN mRNA 
expression was significantly increased in LUAD tissues 
compared with adjacent normal samples. Furthermore, the 
expression levels of ANLN displayed an increasing trend 
with advancing clinical stage. Furthermore, patients with 
high ANLN expression levels exhibited poor overall survival 
rates compared with those with low ANLN expression 
levels. Subsequent ANLN knockdown experiments indicated 
elevated cell death rate, and reduced colony formation and 

migration in both A549 and H1299 cells. Additionally, ANLN 
knockdown resulted in increased protein expression levels of 
pyroptosis‑associated molecules, including caspase‑1, NLRP3, 
cleaved‑GSDMD, IL‑1β, ASC and IL‑18 in both A549 and 
H1299 cells. In conclusion, ANLN represents an important 
gene and a promising therapeutic target for LUAD. Its poten‑
tial as a therapeutic target makes it an interesting candidate 
for further exploration in the development of novel treatment 
strategies for LUAD.

Introduction

Lung cancer is a leading cause of cancer‑associated mortality 
worldwide, and is frequently associated with a poor prog‑
nosis due to being diagnosed at an advanced stage (1). The 
most prevalent histological subtype of lung cancer is lung 
adenocarcinoma (LUAD), which accounts for ~60% of cases 
globally (2). In recent years, notable progress has been made 
in LUAD treatment with the use of molecular targeted thera‑
pies (3). Notably, small molecule‑based targeted therapy has 
been shown to significantly improve the treatment outcomes of 
patients with carrying targetable molecular alterations, such as 
epidermal growth factor receptor (EGFR)‑activating mutations, 
and anaplastic lymphoma kinase (ALK) and ROS1 transloca‑
tions (4‑6). Despite recent therapeutic advances, the worldwide 
5‑year survival rate for patients diagnosed with LUAD remains 
<20% (7). Consequently, chemotherapy remains the standard of 
care for these patients in routine clinical practice. To improve 
patient survival rates and quality of life, personalized molec‑
ular‑targeted therapies are urgently required.

In order to identify potential therapeutic targets for LUAD, 
Gene Expression Profiling Interactive Analysis (GEPIA) 
was employed to investigate genes associated with LUAD 
prognosis. As a result, anillin (ANLN), an actin‑binding 
protein with ubiquitous expression, was identified as a novel 
therapeutic target for LUAD (8). ANLN possesses multiple 
domains, including a myosin‑ and actin‑binding domain, a 
RhoA‑binding domain and a C‑terminal pleckstrin homology 
domain (9,10). It has been demonstrated that ANLN serves a 
critical role in promoting tumor growth, migration and cyto‑
kinesis (11). Of particular note, ANLN has been suggested by 
several studies to be potentially involved in the pathogenesis 
of LUAD (12). Elevated levels of ANLN have been reported in 
LUAD cells, and it has been proposed that ANLN may serve 
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as a crucial determinant in distinguishing between low‑ and 
high‑risk LUAD cases with unfavorable prognoses (12‑15). 
Despite these findings, the precise biological functions and 
mechanisms underlying the involvement of ANLN in LUAD 
pathogenesis remain unknown, highlighting the need for 
further research in order to develop effective therapeutic 
strategies.

Pyroptosis is an inflammatory form of programmed cell 
death that features cell swelling, cell membrane rupture and the 
release of cytoplasmic contents, including pro‑inflammatory 
molecules such as mature interleukin‑1β and ‑18 (16). Studies 
have demonstrated that pyroptosis has a significant role in the 
pathogenesis of LUAD (17‑20). Meanwhile, ANLN is known 
to have a role in regulating cellular behavior. However, the 
extent of ANLN's potential involvement in the pathogenesis 
of LUAD via the regulation of pyroptosis remains uncer‑
tain (21,22). Therefore, the present study aimed to explore the 
relationship between ANLN and pyroptosis in the progression 
of LUAD.

Materials and methods

Gene expression analysis using publicly available datasets. 
Gene expression levels of ANLN in tumors and adjacent 
normal samples were obtained from TCGA‑LUAD dataset 
(accession no: 202208, 535 LUAD tissue samples and 59 
adjacent normal samples). GEPIA (http://gepia.cancer‑pku.
cn/) was used for gene expression analysis. Kaplan‑Meier 
analysis (http://kmplot.com/analysis/) was performed with 
TCGA‑LUAD dataset (accession no: 202208). The log‑rank 
test was used to assess the significance of between‑group 
differences.

Cell lines and culture. The human LUAD cell lines A549 and 
H1299 were procured from The Cell Bank of Type Culture 
Collection of The Chinese Academy of Sciences, and were 
cultured in RPMI‑1640 medium (cat. no. A1049101; Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% 
fetal bovine serum (FBS; cat. no. 10100147; Gibco; Thermo 
Fisher Scientific, Inc.) and penicillin (100 U/ml)/streptomycin 
(100 µg/ml) for <15 passages. The cells were authenticated by 
Shanghai Biowing Applied Biotechnology Co., Ltd. and were 
maintained under standard cell culture conditions at 37˚C in a 
humidified incubator with 5% CO2.

Small interfering RNA (siRNA) transfection. In order 
to suppress ANLN expression, siRNA sequences were 
employed. Three distinct siRNA sequences were synthe‑
sized by Guangzhou Anernor Biotechnology Co., Ltd., as 
follows: si‑ANLN #1 sense, 5'‑GAG AGA AUC UUC AGA 
GAA AAA‑3' and antisense, 5'‑UUU UUC UCU GAA GAU 
UCU CUC‑3'; si‑ANLN #2 sense, 5'‑GUG AAG AGA AAU 
CUU GUA CAA‑3' and antisense, 5'‑UUG UAC AAG AUU UCU 
CUU CAC‑3'; si‑ANLN #3 sense, 5'‑CAC UGA AGU AGA AGU 
UUC UAA‑3' and antisense, 5'‑UUA GAA ACU UCU ACU UCA 
GUG‑3'; non‑targeting negative control (NC) sense, 5'‑UUC 
UCC GAA CGA GUC ACG U‑3' and antisense, 5'‑ACG UGA 
CUC GUU CGG AGA A‑3'. A549 and H1299 cells (1x105) were 
seeded in each well of a six‑well plate. After 12 h, cells were 
transfected with 80 nM of control siRNA and ANLN siRNA. 

Lipofectamine® 2000 reagent (cat. no. 11668019; Invitrogen; 
Thermo Fisher Scientific, Inc.) was used for the transfection 
experiments (5 µl/well). After culture at 37˚C for 24 h, the 
transfection medium was replaced with fresh RPMI‑1640 
culture medium and the cells were further incubated at 37˚C 
for 48 h.

Western blot analysis. Proteins were extracted from A549 
and H1299 cells using RIPA lysis buffer (Beyotime Institute 
of Biotechnology) containing 0.1 M PMSF and protease 
inhibitors (Roche Diagnostics). The protein concentration 
was determined using a BCA Protein Assay Kit (Shanghai 
Yeasen Biotechnology Co., Ltd.). Subsequently, the proteins 
(20 µg/lane) were separated by 10% SDS‑PAGE, transferred 
onto PVDF membranes (MilliporeSigma) and blocked with 
3% bovine serum albumin (cat. no. AR1006; Boster Biological 
Technology) for 2 h at room temperature. Primary antibodies 
against ANLN (cat. no. ab211872; Abcam; 1:1,000 dilution), 
GAPDH (cat. no. GB15002; Wuhan Servicebio Technology Co., 
Ltd.; 1:5,000 dilution), interleukin (IL)‑18 (cat. no. ab243091; 
Abcam; 1:1,000 dilution), apoptosis‑associated speck‑like 
protein containing a CARD domain (ASC; cat. no. ab283684; 
Abcam; 1:1,000 dilution), pro‑caspase‑1 (cat. no. ab179515; 
Abcam; 1:1,000 dilution), caspase‑1 (cat. no. ab207802; Abcam; 
1:1,000 dilution), NLR pyrin domain‑containing (NLRP)3 (cat. 
no. ab263899; Abcam; 1:1,000 dilution), cleaved‑gasdermin D 
(GSDMD; cat. no. ab215203; Abcam; 1:1,000 dilution) and 
IL‑1β (cat. no. ab254360; Abcam; 1:1,000 dilution) were incu‑
bated with the membranes overnight at 4˚C. After washing 
with TBST (1X) containing 0.3% Tween‑20, the membranes 
were incubated with horseradish peroxidase‑conjugated 
secondary antibodies (cat. no. 074‑1506 and 074‑1807; KPL; 
1:5,000 dilution) for 2 h at room temperature. Immunoreactive 
bands were visualized using an ECL kit (Beyotime Institute 
of Biotechnology) and were semi‑quantified using Image J 
software (Image J 1.8.0; National Institutes of Health).

RNA isolation and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was extracted from A549 and H1299 
cells using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) and reverse transcribed into cDNA with the 
PrimeScript™ RT reagent Kit (Takara Biotechnology Co., 
Ltd.), according to the manufacturer's instructions. qPCR 
was performed on an ABI 7900HT PCR system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) using TB Green® 
Premix Ex Taq™ II (Takara Biotechnology Co., Ltd.). The 
primer sequences for qPCR were as follows: ANLN forward, 
5'‑CGC CTC AGA CTC CTG GTT TT‑3' and reverse, 5'‑GCT 
CCA GCA GTT TCT CCG TA‑3'; GAPDH forward, 5'‑AAT 
GGG CAG CCG TTA GGA AA‑3' and reverse, 5'‑GCG CCC 
AAT ACG ACC AAA TC‑3'. Amplifications were performed 
following the procedure of a two‑step method (95˚C for 30 sec, 
1 cycle; followed by 40 cycles of 95˚C for 10 sec and 60˚C for 
30 sec; and melting curve stage). The fold change in mRNA 
expression levels was calculated using the 2‑ΔΔCq method and 
normalized to GAPDH (23).

Colony formation assay. A549 and H1299 cells with ANLN 
knockdown were seeded at a density of 500 cells/well in 
12‑well plates and were incubated for 14 days at 37˚C with 
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5% CO2 in a humidified incubator. Subsequently, the culture 
medium was discarded and the cells were washed with 
PBS. Following fixation with 4% paraformaldehyde at room 
temperature for 30 min, the cells were stained using Giemsa 
stain solution at room temperature for 60 min. Finally, the 
colonies were manually counted. A cluster with >50 cells was 
considered a colony.

TUNEL staining. Cell death was evaluated using TUNEL 
staining, which was performed with an In Situ Cell Death 
Detection kit (Roche Diagnostics) according to the manufac‑
turer's protocol. A549 and H1299 cells (1x105) were seeded in 
each well of a six‑well plate and cultured at 37˚C for 48 h. Then 
the cells were fixed on coverslips with 4% paraformaldehyde 
at room temperature for 30 min and subsequently treated with 
0.1% Triton X‑100 for 10 min at room temperature. The cells 
were then washed with PBS and incubated with 50 µl TUNEL 
reaction mixture at 37˚C for 1 h, followed by counterstaining 
with DAPI (1:100) for 10 min at room temperature. Finally, 
the cells were mounted with ProLong Gold antifade reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). Visualization of 
the cells was achieved using an inverted fluorescence micro‑
scope (Nikon Corporation) and three random fields of view 
were observed.

Transwell assay. The migration of A549 and H1299 cells was 
assessed using a Transwell kit (cat. no. 354480, Corning, Inc.). 
Specifically, 5x104 cells were suspended in 300 µl serum‑free 
medium and seeded into the upper chamber of the Transwell 
with 8‑µm pore chambers inserted into 24‑well plates, whereas 
500 µl medium containing 30% FBS was added to the lower 
chamber. Following a 48‑h incubation period at 37˚C, the 
migrated cells on the underside of the membrane were fixed 
with 0.5% crystal violet at room temperature for 30 min, 
washed with PBS and air‑dried. Images of six randomly 
selected fields were captured under a light microscope and the 
number of migrated cells was determined.

Statistical analysis. Statistical analysis was conducted using 
GraphPad Prism software (version 9.0; GraphPad Software, 

Inc.). All experiments were repeated three times and data 
are expressed as the mean ± standard deviation. Two‑group 
comparisons were analyzed using the unpaired Student's t‑test, 
whereas one‑way ANOVA followed by Tukey's post‑hoc test 
was use for multiple comparisons. P<0.05 was considered to 
indicate a statistically significant difference.

Results

High expression of ANLN is associated with a poor 
prognosis in LUA D. Using The Cancer Genome 
At l a s  ( T C GA)  d a t a ba s e  ( h t t p s : //w w w. c a n c e r.
gov/ccg/research/genome‑sequencing/tcga), a significant 
increase in the mRNA expression levels of ANLN was 
detected in LUAD tissues compared with adjacent normal 
samples (P<0.05; Fig. 1A). Subsequently, by analyzing TCGA 
and Genotype‑Tissue Expression databases on the GEPIA 
website, it was revealed that the mRNA expression levels of 
ANLN were high in LUAD and were gradually increased with 
advancing clinical stage (Fig. 1B). Moreover, Kaplan‑Meier 
Plotter database analysis revealed that patients with high 
ANLN expression had significantly poorer overall survival 
(OS) than those expressing low levels of ANLN (HR=2, 
log‑rank P=2.6x10‑6; Fig. 1C). Collectively, these findings 
suggested that ANLN may serve as a promoter gene in LUAD.

Knockdown of ANLN promotes cell death, and suppresses 
the colony formation and migration of A549 and H1299 
cells. To investigate the potential role of ANLN in LUAD, 
the present study transfected A549 and H1299 cells with an 
ANLN siRNA. As demonstrated by qPCR and western blot 
analysis, the mRNA and protein expression levels of ANLN 
were significantly decreased in the ANLN knockdown groups 
compared with those in the NC groups (Fig. 2A and B), indi‑
cating that ANLN was effectively downregulated in these 
cells. Moreover, TUNEL/DAPI double staining revealed a 
marked increase in the number of TUNEL‑positive dead 
cells in the ANLN knockdown groups compared with in 
the NC groups (Fig. 3A). In addition, the colony‑forming 
ability of A549 and H1299 cells was significantly reduced 

Figure 1. ANLN is upregulated and serves as a prognostic factor in LUAD. (A) ANLN mRNA expression in LUAD tissues and normal tissues in The Cancer 
Genome Atlas database. *P<0.05. (B) ANLN mRNA expression increased with TNM stage (P=6.17x10‑5). (C) Kaplan‑Meier analysis of the overall survival of 
patients with LUAD based on ANLN expression (P=4.1x10‑6). ANLN, anillin; LUAD, lung adenocarcinoma; HR, hazard ratio.



SHENG et al:  ANLN KNOCKDOWN INHIBITS LUAD PROGRESSION4

upon ANLN silencing compared with that in the NC groups 
(Fig. 3B). Furthermore, knockdown of ANLN in A549 and 
H1299 cells significantly attenuated cell migration compared 
with that in the NC groups, as confirmed by Transwell assays 
(Fig. 3C).

Knockdown of ANLN potentiates pyroptosis in A549 and 
H1299 cells. The present study analyzed the expression of 
pyroptosis‑associated proteins to investigate the potential 
effects of ANLN on cell viability through a pyroptosis‑depen‑
dent mechanism. The results indicated that ANLN knockdown 
led to an increase in the expression levels of inflamma‑
some/pyroptosis‑related proteins, such as caspase‑1, NLRP3, 

cleaved‑GSDMD, IL‑1β, ASC and IL‑18, thus suggesting that 
the knockdown of ANLN may trigger pyroptosis in A549 and 
H1299 cells (Fig. 4A and B).

Discussion

The aim of the present study was to identify a potential thera‑
peutic target for patients with LUAD, a type of lung cancer 
that accounts for ~60% of all cases and has a 5‑year survival 
rate of <20% (2,7). Although significant progress has been 
made in the molecular targeted therapy of LUAD, particularly 
for those with specific mutations in EGFR, ALK, RET and 
ROS1 (3,24‑27), the high heterogeneity and complex molecular 

Figure 2. Successful knockdown of ANLN in A549 and H1299 cells. (A) Reverse transcription‑quantitative PCR confirming successful siRNA‑induced 
knockdown of ANLN in A549 and H1299 cells. (B) Protein expression levels of ANLN in A549 and H1299 cells were determined by western blotting. 
Grayscale analysis was performed using ImageJ software. Data are presented as the mean ± SD (n=3). **P<0.01, ***P<0.001 vs. NC. ANLN, anillin; NC, nega‑
tive control; si, small interfering.
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patterns of LUAD limit the applicability of these targeted 
therapies, thus leaving a number of patients without effective 
treatment options (28). Therefore, it is critical to discover new 
targets for the treatment of LUAD.

ANLN, an actin‑binding protein involved in cell division, 
serves a crucial role in cell proliferation and migration (29). 
Notably, localization of ANLN varies during different phases 
of the cell cycle. During interphase, the ANLN protein is 
localized exclusively in the nucleus, whereas it becomes 

cytoplasmic during mitosis (30). Furthermore, ANLN has 
been identified as a poor prognostic marker associated with 
aggressive cancer phenotypes in multiple types of cancer, 
including bladder cancer (31), hepatocellular carcinoma (32), 
colorectal cancer (33), head and neck squamous cell 
carcinoma (34) and stage I LUAD (14). The present study 
demonstrated that high ANLN expression was significantly 
associated with clinical stage progression in patients with 
LUAD and that those exhibiting higher expression levels of 

Figure 3. ANLN promotes cell death, and suppresses the colony formation and migration of A549 and H1299 cells. (A) A549 and H1299 cell death was 
detected by TUNEL assay (scale bars, 25 µm). (B) Colony‑forming ability of A549 and H1299 cells was detected by colony formation assay. (C) Migration of 
A549 and H1299 cells was evaluated by Transwell assay (magnification, x100). Data are presented as the mean ± SD (n=3). ***P<0.001 vs. NC. ANLN, anillin; 
NC, negative control; si, small interfering.
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ANLN had poorer prognoses. These findings are consistent 
with previously reported results, which suggest that ANLN 
could serve as a novel prognostic indicator for patients with 
LUAD.

As an actin‑binding protein, ANLN has a crucial role in 
regulating various cellular processes, such as cell prolifera‑
tion, apoptosis and invasion. Silencing ANLN in colorectal 
carcinoma cell lines has been reported to result in reduced 
proliferation in vitro and in vivo, along with induction 
of G0/G1 cell cycle arrest (35). Similarly, knockdown of 
ANLN in breast cancer cells was shown to markedly 
inhibit cell proliferation, migration and invasion, leading 

to cell cycle arrest in the G2/M phase and the induction of 
apoptosis (36). Exosomal ANLN‑210 has also been found to 
promote macrophage polarization via the PTEN/PI3K/Akt 
signaling pathway, thereby stimulating tumor growth in 
head and neck squamous cell carcinoma (34). The present 
study confirmed that silencing ANLN markedly increased 
cell death, and suppressed the colony formation and migra‑
tion of A549 and H1299 cells, highlighting the potential 
therapeutic significance of targeting ANLN in LUAD.

Pyroptosis is a unique form of programmed cell 
death that is highly dependent on inflammation, which is 
distinct from apoptosis (37). Pyroptosis can be induced 

Figure 4. ANLN knockdown induces pyroptosis in A549 and H1299 cells. (A) Protein expression levels of pro‑caspase‑1, caspase‑1, NLRP3, cleaved‑GSDMD, 
IL‑1β, ASC and IL‑18 protein level in A549 and H1299 cells were detected by western blot analysis. (B) Grayscale analysis was performed by ImageJ software. 
Data are presented as the mean ± SD (n=3). ***P<0.001 vs. NC. ANLN, anillin; ASC, apoptosis‑associated speck‑like protein containing a CARD domain; 
GSDMD, gasdermin D; IL, interleukin; NC, negative control; NRP3, NLR family pyrin domain‑containing 3; si, small interfering.
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via caspase‑1 (mammals), human caspase‑4 and caspase‑5, 
or mouse caspase‑11 (38). Inflammasomes, such as the 
NLRP3 inflammasome, initiate caspase‑1 activation (39,40), 
and the adaptor protein ASC facilitates the interaction 
between NLRP3 and caspase‑1 (41,42). Upon activation, 
caspase‑1 cleaves GSDMD to generate the N‑terminal 
fragment of GSDMD (GSDMD‑N), which is crucial for 
pyroptosis (43). GSDMD‑N interacts with the lipids of the 
inner membrane, leading to pore formation in the plasma 
membrane, ultimately causing cellular swelling and 
rupture, and the release of pro‑inflammatory cytokines, 
resulting in pyroptotic cell death (44,45). Previous studies 
have reported the induction of pyroptosis in endothelial 
and bronchial epithelial cells through caspase‑1 activa‑
tion. For example, caspase‑1 inflammasome activation has 
been shown to mediate homocysteine‑induced pyroptosis 
in endothelial cells (46). Similarly, cigarette smoke extract 
can induce pyroptosis in human bronchial epithelial cells 
via the ROS/NLRP3/caspase‑1 pathway (47). WSPM2.5 
also induces pyroptosis through caspase‑1/IL‑1β/IL‑18‑ 
and ATP/P2Y‑dependent mechanisms in human bronchial 
epithelial cells (48). The present study revealed that ANLN 
knockdown increased the protein expression levels of 
caspase‑1, which suggests that caspase‑1 activation may 
be involved in ANLN knockdown‑induced pyroptosis in 
A549 and H1299 cells. Human caspase‑4 and caspase‑5, or 
mouse caspase‑11, can directly cleave GSDMD to induce 
pyroptosis (38). In the context of Caspase‑1‑independent 
pyroptosis, caspase‑4, caspase‑5 and caspase‑11 serve 
as initiating activators and directly recognize LPS from 
gram‑negative bacteria in the host cytoplasm through their 
CARD domains (49). Although caspase‑4 has been suggested 
to cleave pro‑IL‑1β and pro‑IL‑18 in epithelial cells, further 
confirmation of this finding is required (50).

Analysis of prognosis has revealed a lower survival rate 
in patients with LUAD who exhibit low expression levels of 
NLRP7, NLRP1, NLRP2 and nucleotide binding oligomer‑
ization domain containing 1, as well as high expression levels 
of caspase‑6 (17). Additionally, activation of the NLRP3 
inflammasome has been shown to accelerate the progres‑
sion of LUAD by promoting the proliferation and metastasis 
of lung cancer cells (18). Conversely, downregulation of 
GSDMD has been demonstrated to mitigate tumor prolifera‑
tion via the intrinsic mitochondrial apoptotic pathway, as well 
as through inhibition of EGFR/Akt signaling, and is associ‑
ated with favorable prognostic outcomes in LUAD (19,20). In 
the current study, it was revealed that knockdown of ANLN 
significantly increased the expression levels of caspase‑1, 
NLRP3, cleaved‑GSDMD, IL‑1β, ASC and IL‑18 in A549 
and H1299 cells. These findings suggested that silencing 
ANLN may have a critical role in promoting pyroptotic cell 
death in LUAD. Therefore, these data demonstrated that 
ANLN knockdown could lead to pyroptosis in A549 and 
H1299 cells, which may affect the progression of LUAD.

In conclusion, knockdown of ANLN can significantly 
disrupt the progression of LUAD by inducing pyroptosis, 
and suppressing the colony formation and migration of 
A549 and H1299 cells. These findings indicated that ANLN 
may serve as a promising therapeutic target for the treatment 
of LUAD.
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