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Expression of SWI/SNF chromatin remodeling  
complex-related genes is associated with immune  
infiltration and prognosis in lung cancer

Abstract

Background and purpose: Lung adenocarcinoma (LUAD) is the most 
common type of lung cancer with poor prognosis. Mating type switch/sucrose 
non-fermenting (SWI/SNF) chromatin remodeling complex (SCRC) is in-
volved in the occurrence and progression of LUAD. This study aimed to 
investigate the relationship between SCRC-related genes (SCRCRGs) and 
prognosis of lung cancer. 

Materials and methods: RNA sequencing data and corresponding 
clinical data of patients diagnosed with LUAD were obtained from The 
Cancer Genome Atlas database. Hierarchical analysis of the expression of 
31 genes in 510 LUAD and 56 paracancerous tissue samples was conducted 
to distinguish patients according to expression profiles. The prognostic roles 
of the SCRCRGs were assessed. The identified prognostic factors were inte-
grated to investigate the probability of overall survival (OS) in LUAD. 

Results: No differences in OS, disease stable survival, disease free sur-
vival, and progression-free survival were noticed among the LUAD sub-
groups; however, the median survival period of Cluster_3 was longer than 
those of the other clusters. A total of 29 genes with significant differences 
between subgroups were identified. Significant differences in the expression 
of SCRCRGs, particularly SMARCA2, WDR77, and SMARCB1, were 
noticed between cancer and adjacent tissues. Following regression analysis 
using Lasso-Cox method, a model of five genes was obtained, which could 
predict the prognosis of LUAD. 

Conclusions: In LUAD, the differences in expression profile of SCR-
CRGs were related to prognosis and immune infiltration. SMARCA2 can 
be exploited as a potential target for immunotherapy.

INTRODUCTION

Lung cancer adversely affects the physical and mental health of indi-
viduals and is an important medical and health burden (1). Ap-

proximately 2.208 million new cases of lung cancer have been recorded 
in 2020, and lung cancer is ranked second among all malignant tumors; 
additionally, it has caused approximately 1.796 million deaths, which is 
highest caused by any malignant tumor (2). China has recorded 787,000 
new cases of lung cancer and 631,000 deaths in 2015 (3). Moreover, the 
mortality rate of lung cancer in China is steadily increasing (4). Con-
tinuously optimized comprehensive treatment programs have success-
fully served a large number of patients, thereby improving the quality 
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of life of patients (5–7). Lung cancer is divided into non-
small cell lung cancer (NSCLC) and small cell lung can-
cer. NSCLC accounts for approximately 80–85% of lung 
cancer, and more than 70% of patients with NSCLC are 
found to be in advanced stages at the time of diagnosis, 
often without surgical indications. Although the disease 
can be controlled by radiotherapy and chemotherapy, the 
outcomes are not promising. Moreover, even if it is diag-
nosed at an early stage, it eventually recurs and metasta-
sizes even after treatment. Lung adenocarcinoma (LUAD) 
is the most common pathological type of lung cancer and 
accounts for most NSCLCs (8). LUAD can be divided 
into subgroups according to mutation status of driving 
genes. Presently, mutations in EGFR, KRAS, HER-2, 
BRAF, and PIK3CA and rearrangements in ALK, ROS-1, 
and RET are utilized for diagnosing LUAD.

The mating type switch/sucrose non-fermenting (SWI/
SNF) protein family is widely involved in cell differentia-
tion and proliferation and DNA repair, and has been 
studied as tumor suppressor. Mutation in the SWI/SNF 
complex subunit and its abnormal expression have been 
observed in human cancer (9–12). The mutation frequen-
cy of SWI/SNF complex in NSCLC is high, and that of 
different subunits is different; therefore, the effect of mu-
tations in different subunits on the prognosis of NSCLC 
may vary (13, 14). Therefore, in this study, we employed 
bioinformatics to analyze the relationship between SWI/
SNF chromatin remodeling complex-related genes and 
the prognosis of lung cancer, including the expression of 
related genes in lung cancer, differences in survival and 
clinical data among different subtypes, and the relation-
ship between different subtypes and immune cell infiltra-
tion and immune microenvironment.

MATERIAL AND METHODS

Samples and database

RNA sequencing (RNA-Seq) data and corresponding 
clinical data of patients diagnosed with LUAD were ob-
tained from The Cancer Genome Atlas database (cbiopor-
tal.org) (15). Pathologically diagnosed patients having 
detailed clinical records were enrolled in the current 
study. The samples were filtered depending upon whether 
the transcriptional information and clinical features were 
complete. Patients with LUAD were divided into four 
subgroups, including Cluster_1, Cluster_2, Cluster_3, 
and Cluster_4, depending on differential expression pro-
files of SCRCRGs. Clinical characteristics, including age, 
sex, grade of tumor, aneuploidy score, nonsynonymous 
tumor mutation burden (TMB), FAB, WBC, bone mar-
row blast percentage, and peripheral blood blast percent-
age, of individuals were assessed and compared between 
different subgroups. Finally, the data of 173 patients with 
LUAD were selected for this study. 

Bioinformatic analysis

SWI/SNF chromatin remodeling complex-related 
genes analyzed in the current study were collected from 
the Reactome database [Participating Molecules (R-
HSA-4839726)] (16). A total of 31 genes coding SWI/
SNF chromatin remodeling complex-associated proteins 
were arrayed, and information on their expression (RNA-
Seq V2 RSEM) was obtained from the transcriptome of 
LUAD. RNA-Seq data were obtained from the Cancer 
Genome Atlas database. The RNA-Seq values were trans-
formed into Z-scores, and a hierarchical analysis of ex-
pression of 31 genes in the 510 LUAD samples and 56 
paracancerous tissue samples was performed to distin-
guish patients according to the expression profiles. Sub-
jects with similar gene expression patterns were incorpo-
rated into the same subgroups. The transcription levels 
were expressed as mRNA z-scores and clustered using 
hierarchical clustering algorithm (17). A cluster heat map 
and a pattern were generated using Java TreeView accord-
ing to the tumor stage (18).

Assessment of immune infiltration 

Immune infiltration was assessed using ImSig. ImSig 
is a set of gene signatures, which can be used to estimate 
the relative abundance of immune cells in tissue transcrip-
tomic data, specifically in cancer datasets (https://github.
com/ajitjohnson/imsig).

Analysis of prognostic association 

The prognostic roles of SWI/SNF chromatin remodel-
ing complex-related genes were assessed by comparing 
survival values between groups with different expressions. 
Overall survival (OS), progression-free survival, disease-
free survival, and disease-specific survival (DSS) of each 
group were represented by survival curves. Differences in 
prognosis were detected between the clusters to determine 
the relevance of gene expression profiles to prognosis. Ad-
ditionally, we compared the survival curves between co-
horts regarding low and high expression of individual 
genes using GraphPad Prism v.8 (GraphPad Software, 
Inc., CA, USA).

Building and validating a predictive 
nomogram

Nomogram is widely used to predict cancer prognosis 
(19). We integrated previously identified prognostic fac-
tors to investigate the probability of 1-, 3-, and 5-OS of 
LUAD from a nomogram. We validated the nomogram 
through discrimination and calibration. To assess dis-
crimination of the nomogram, we calculated the concor-
dance index by a bootstrap method with 1000 resamples. 
A calibration curve was generated to observe prediction 
probabilities of the nomogram against the observed rates. 
Moreover, the nomogram including all the prognostic 
factors were compared using the time-ROC curve, con-

http://cbioportal.org
http://cbioportal.org
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Figure 1. The four subgroups of LUAD depending on differential expression profiles of SCRCRGs.
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Table 1. Characteristics of patients divided by the expression spectrum of SCRCRGs.

Characteristics Cluster 1 
(n=111)

Cluster 2 
(n=84)

Cluster 3 
(n=156)

Cluster 4 
(n=159)

P-value

Age (n) 63.93±10.64 66.24±9.92 67.45±8.76 63.76±10.30 0.004

Male (n) 47 32 73 84 0.126

Tumor Type (n) 0.260

Lung Acinar Adenocarcinoma 1 2 7 8

Lung Adenocarcinoma (NOS) 70 56 86 104

Lung Adenocarcinoma, Mixed Subtype 30 15 33 29

Lung Bronchioloalveolar Carcinoma, Mucinous 1 0 4 0

Lung Bronchioloalveolar Carcinoma, Non-Mucinous 3 3 11 2

Lung Clear Cell Adenocarcinoma 0 0 1 1

Lung Micropapillary Adenocarcinoma 0 1 1 1

Lung Mucinous Adenocarcinoma 0 0 2 0

Lung Papillary Adenocarcinoma 4 4 7 7

Lung Signet Ring Adenocarcinoma 0 0 1 0

Lung Solid Pattern Predominant Adenocarcinoma 2 1 0 2

Mucinous (Colloid) Carcinoma 0 2 3 5

AJCC Stage (n) 0.232

1 53 45 91 86

2 31 21 36 35

3 20 18 18 27

4 7 0 9 11

New Tumor Event After Initial Treatment (n) 0.000

NA 26 4 15 20

No 44 51 98 80

Yes 41 29 43 59

T Stage (n) 0.241

1 29 29 65 44

2 66 47 69 93

3 12 5 13 16

4 4 3 7 5

X 0 0 2 1

N Stage (n) 0.219

NA 0 0 1 0

0 63 49 111 105

1 30 16 25 25

2 16 16 15 26

3 1 1 0 0

X 1 2 4 3

M Stage (n) 0.123

NA 0 0 3 1

0 81 57 99 104

1 7 0 7 11

X 23 27 47 43

Radiation Therapy (n) 0.000

NA 22 1 13 11
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cordance index, and the decision curve analysis. To eval-
uate the area under the curve, ROC analysis of the no-
mogram was performed using the R software package 
pROC v.1.17.0.1. Clinical net benefits of each model 
compared to all or none strategies were calculated using 
decision curve analysis. 

Statistical analysis

We plotted survival curves corresponding to different 
groups and compared survivals using log-rank (Mantel-
Cox) test in GraphPad Prism v.8. The quantitative vari-
ables were analyzed using one-way analysis of variance, 
and qualitative variables were assessed using Fisher’s exact 
test and Spearman’s correlation to determine differences 
in clinical characteristics between the identified sub-
groups in LUAD. Differences gene expression between 
clusters were analyzed by one-way analysis of variance. 
Regression analyses were performed to determine correla-
tions between variables and to construct a prediction 
model. All tests were performed using SPSS v.24.0 (IBM, 
Inc., NY, USA). A P-value <0.05 was considered statisti-
cally significant.

RESULTS

Groups divided by SCRCRG expression

Lung adenocarcinoma was divided into four subgroups 
(Clusters 1–4) according to the differences in expression 

profiles of SCRCRGs (Figure 1A). OS, DSS, disease-free 
survival, and progression-free survival between the groups 
were not significantly different, but the median survival 
time of Cluster_3 was longer than those of the other clus-
ters (Figure 1B). A total of 29 genes had significantly dif-
ferent expression between groups (P<0.05) (Figure 1C), 
suggesting that the expression of SCRCRGs in lung ad-
enocarcinoma was heterogeneous. Significant differences 
in age, new tuner event after initial treatment, radiation 
therapy, prior diagnosis (DX), aneuploid score, microsat-
ellite instability (MSI), and TMB between groups were 
noticed (Table 1).

Comparison of SCRCRG expression 
between cancer and paracancerous 
tissues

RNA-Seq analysis indicated significant differences in 
the expression profile of SCRCRGs between cancer and 
adjacent tissues (Figure 2A). Comparison of single genes 
between cancer and adjacent tissues suggested the ex-
pression patterns of SMARCA2, WDR77, and SMARCB1 
were significantly different (Figure 2B). Further com-
parison of individual genes in paired samples indicated 
that the expression of seven genes was highly altered 
(Figure 2C). SMARCA2 expression was higher in para-
cancerous tissues than in cancer, whereas, other genes 
are highly expressed in cancerous tissues (Figure 2D), 
suggesting that SMARCA2 may be associated with ef-
fective prognosis.

No 69 73 131 129

Yes 20 10 12 19

Race (n) 0.570

NA 21 9 20 15

American Indian or Alaska Native 0 0 1 0

Asian 2 1 2 3

Black or African American 12 6 14 20

White 76 68 119 121

Prior DX (n) 0.040

No 98 63 122 141

Yes 12 18 30 17

Yes, History of Synchronous and/or Bilateral Malignancy 1 3 4 1

Person Neoplasm Cancer Status (n) 0.663

NA 21 13 31 28

Tumor-free 63 52 99 92

With Tumor 27 19 26 39

Aneuploidy Score 15.41±7.88 14.36±7.53 12.24±8.20 17.66±6.53 0.000

MSI Score Mantis 0.31±0.03 0.32±0.03 0.31±0.02 0.32±0.02 0.026

MSI Sensor Score 0.26±0.77 0.11±0.49 0.06±0.15 0.16±0.41 0.010

TMB Nonsynonymous 10.82±10.66 8.26±8.15 8.31±9.47 12.41±12.40 0.002
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Relationship between SCRCRG 
expression and LUAD prognosis

Analysis of survival, integrating survival time, survival 
status and gene expression data using the Cox method in-
dicated that SS18L1 was a protective factor for prognosis; 
ACTL6A was a risk factor; and other genes had no signifi-
cant correlation with prognosis (Figure 3A). To design a 
model for predicting prognosis, we used the Lasso-Cox 
method for regression analysis (R software package glmnet 
was used to integrate survival time, survival status, and gene 
expression data) and set up a 10-fold cross-validation to 
obtain the optimal model. The optimal value of Lambda 
was 0.00161533734716138. Finally, five gene models were 
obtained (Figure 3B) using the following formula: 

Risk Score = 4.05337069858498e-06*ACTB + 
0.000233986443777923*ACTL6A – 
0.000520824159572521*SS18L1 – 
0.000458454247642212*SMARCD3 +  
0.00134359252674163*DPF1                 (1) (Figure 3C). 

The final model successfully predicted LUAD (OS, 37 
months vs. 74 months, hazard ratio, 1.9), (Figure 3D). 

The median survival time of Cluster_3 was relatively 
long in the early stage; therefore, its OS and DSS were 
better than those of the other groups (Figure 4A). Com-
parison of the baseline data of Cluster_3 and other clusters 
showed significant differences in age, new tuner event 
after initial treatment, radiation therapy, prior DX, aneu-
ploid score, MSI, and TMB (Figure 4B); moreover, sig-
nificant differences in the specific type of tumor (Figure 
4C), recurrence after initial treatment (Figure 4D), and T 
stage (Figure 4E) were noticed. SMARCA2 and KIAA0240 
were significantly overexpressed in Cluster_3 (Figure 4F). 
SMARCA2 expression was significantly positively corre-
lated with the expression of KIAA0240, PBRM1, and 
ARID1B and significantly negatively correlated with the 
expression of BCL7C, PRMT5, and ACTL6A (Figure 
4G). Logistic regression analysis indicated that SMAR-
CA2 expression was enough to distinguish between the 
patients of Cluster_3 and other clusters; area under the 
curve was 0.826; and the scatter plot clearly reflected dif-
ferentiation potential (Figure 4H).

Figure 2. Expression profiles of SCRCRGs between cancer and adjacent tissues.
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Figure 3. Correlation between SCRCGs and prognosis of LUAD.
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Figure 4. Comparison of Cluster_3 with other clusters.
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Relationship between SCRCRG 
expression and the immune system in 
LUAD

Chromosomal instability affects recognition by the 
immune system, and differences in aneuploid score, MSI, 
and TMB may lead to the difference of immune infiltra-

tion. We noticed significant differences in immune infil-
tration among different groups (Figure 5A, Table 2). A 
significant difference in immune infiltration between 
Cluster_3 and other clusters was noticed (Figure 5B). 
Multivariate regression analysis showed that the differ-
ences in infiltration of CD4+ T cells, CD8+ T cells, and 

Figure 5. Comparison of immune infiltration between clusters.
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macrophages between groups were independent (Figure 
5C). The genes related with these immune cells had linear 
correlation with the immune cells (Figure 5D). In addi-
tion, some common regulatory genes were noticed among 
the positively and negatively correlated genes (Figure 5E). 
Furthermore, a general correlation with SMARCA2 and 
WDR77 was noticed, and they were the most significant 
genes (Figure 5F). SMARCA2 expression was high in 
Cluster_3, which suggested that anti-tumor immunity 
was activated in patients of Cluster_3.

DISCUSSION

The prognosis of LUAD is generally poor; however, 
some patients show long-term remission or even clinical 
cure after timely and active treatment. In clinical practice, 
predicting the prognosis of patients with LUAD is highly 
significant for formulating a reasonable management plan 
for the patients. The present study showed that the expres-
sion of SCRCRGs in LUAD was significantly heteroge-
neous, and no significant differences were noticed be-
tween the subgroups divided depending on the expression 
of SCRCRGs during age, new tumor event after initial 
treatment, radiation therapy, prior DX, aneuploid score, 
MSI, and TMB. Moreover, a significant difference was 
noticed in the expression profile of SCRCRGs between 
cancer and adjacent tissues, of which SMARCA2, 
WDR77, and SMARCB1 were most significant. SS18L1 
was a protective factor for prognosis; ACTL6A was a risk 
factor, and other genes had no significant correlation with 
prognosis. We used Lasso-Cox method for regression 
analysis and finally obtained a model constructed by five 
genes, which could predict the prognosis of LUAD. 
SMARCA2 expression was sufficient to distinguish Clus-
ter_3 from other clusters. The analysis of immune micro-
environment showed a general correlation between im-
mune cell-related genes and SMARCA2 and WDR77, 
while SMARCA2 was highly expressed in Cluster_3, 
suggesting the activation of anti-tumor immunity in 
Cluster_3.

The role of SCRCRGs, including SMARCA4, SMAR-
CA2, ARID1A, and ARID2, in the occurrence and pro-
gression of lung cancer have been extensively studied. In 
patients with NSCLC, the mutation rates of ARID1A and 
SMARCA4 subunits are 28.1% and 27.4%, respectively, 
and the co-mutation rate of SWI/SNF complex subunit 
was 14.1% (20). Additionally, patients with NSCLC hav-
ing SWI/SNF complex subunit mutations have lower co-
mutation rate of driver genes and shorter OS than those 
with SWI/SNF complex wild-type (20). SMARCA4 is lost 
in 5-10% of NSCLC cases, and most of these patients 
have poorly differentiated adenocarcinoma with short 
survival and poor prognosis (21–23). Loss of SMARCA4/2 
leads to the inhibition of chemotherapy-induced cell 
apoptosis, and SMARCA2 activation by histone deacety-
lase inhibitor restores IP3R3 expression in SMARCA4/2-

deficient cancer cells and enhances cellular response to 
cisplatin (14). SMARCA2 inhibits cancer cell vitality and 
tumor progression (24). We noticed a significant differ-
ence in SMARCA2 expression between cancer and para-
cancer tissues, which is consistent with the results of pre-
vious studies. Therefore, SMARCA2 may play an 
important role in the occurrence and development of 
LUAD and can be used as a drug target.

WDR77 is required for the proliferation of lung and 
prostate epithelial cells during early stages of development 
and is reactivated during prostate and lung tumorigenesis 
(25, 26). We noticed that WDR77 expression in paracan-
cerous tissues was significantly lower than that in cancer-
ous tissues. However, the role of WDR77 in the occur-
rence and development of LUAD is still unclear. 
SMARCB1 is the core component of SWI/SNF complex. 
Rickard et al. have detected the deletion of SMARCB1 
allele in a patient with small cell lung cancer (27). We 
observed that SMARCB1 expression in LUAD tissues was 
significantly higher than that in paracancerous tissue. 
Therefore, the role of SMARCB1 may vary in different 
lung cancers.

This study has some limitations. First, this study is 
based on the existing database, and the patients have re-
ceived surgical treatment. In reality, many patients with 
LUAD do not undergo surgery. Therefore, this study suf-
fers from case selection bias. Second, the results of this 
study have not been verified in another group of cases or 
experimental approaches. 

CONCLUSION

In LUAD, the differences of expression profiles of 
SWI/SNF chromatin remodeling complex-related genes 
are related to prognosis and immune infiltration. High 
expression of SMARCA2 correlates with better prognosis. 
In addition, it may regulate the immune response and can 
be used as a potential target for immunotherapy.

REFERENCES

 1.  BADE BC, DELA CRUZ CS 2020 Lung cancer 2020: Epidemiol-
ogy, etiology, and prevention. Clin Chest Med 41: 1-24.  
https://doi.org/10.1016/j.ccm.2019.10.001

 2.  SUNG H, FERLAY J, SIEGEL RL et al 2021 Global Cancer Sta-
tistics 2020: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 71: 
209-249. https://doi.org/10.3322/caac.21660

 3.  CHEN W, ZHENG R, BAADE PD et al 2016 Cancer statistics 
in China, 2015. CA Cancer J Clin 66: 115-132.   
https://doi.org/10.3322/caac.21338

 4.  WU F, WANG L, ZHOU C 2021 Lung cancer in China: current 
and prospect. Curr Opin Oncol 33: 40-46.   
https://doi.org/10.1097/CCO.0000000000000703

 5.  LUO YH, CHIU CH, SCOTT KUO CH et al 2021 Lung cancer 
in Republic of China. J Thorac Oncol 16: 519-527.   
https://doi.org/10.1016/j.jtho.2020.10.155

https://doi.org/10.1016/j.ccm.2019.10.001
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21338
https://doi.org/10.1097/CCO.0000000000000703
https://doi.org/10.1016/j.jtho.2020.10.155


Y. Zheng et al. SCRC-related genes and lung cancer

96 Period biol, Vol 126, No 1–2, 2024.

 6.  BRIMS FJ, MCWILLIAMS A, HARDEN SV et al 2022 Lung 
cancer: progress with prognosis and the changing state of play. Med 
J Aust 216: 334-336. https://doi.org/10.5694/mja2.51474

 7.  THAI AA, SOLOMON BJ, SEQUIST LV et al 2021 Lung cancer. 
Lancet 398: 535-554.   
https://doi.org/10.1016/S0140-6736(21)00312-3

 8.  TORRE LA, SIEGEL RL, JEMAL A 2016 Lung cancer statistics. 
Adv Exp Med Biol 893: 1-19.   
https://doi.org/10.1007/978-3-319-24223-1_1

 9.  MASHTALIR N, D'AVINO AR, MICHEL BC et al 2018 Mod-
ular organization and assembly of SWI/SNF family chromatin 
remodeling complexes. Cell 175: 1272-1288.e20.   
https://doi.org/10.1016/j.cell.2018.09.032

10.  WU S, FUKUMOTO T, LIN J et al 2021 Targeting glutamine 
dependence through GLS1 inhibition suppresses ARID1A-inacti-
vated clear cell ovarian carcinoma. Nat Cancer 2: 189-200.  
https://doi.org/10.1038/s43018-020-00160-x

11.  MIAO D, MARGOLIS CA, GAO W et al 2018 Genomic corre-
lates of response to immune checkpoint therapies in clear cell renal 
cell carcinoma. Science 359: 801-806.   
https://doi.org/10.1126/science.aan5951

12.  MONTERDE B, VARELA I 2022 Role of SWI/SNF chromatin 
remodeling genes in lung cancer development. Biochem Soc Trans 
50: 1143-1150. https://doi.org/10.1042/BST20211084

13.  SESBOUE C, LE LOARER F 2021 SWI/SNF-deficient thoraco-
pulmonary neoplasms. Semin Diagn Pathol 38: 183-194.  
https://doi.org/10.1053/j.semdp.2020.12.002

14.  XUE Y, MORRIS JL, YANG K et al 2021 SMARCA4/2 loss in-
hibits chemotherapy-induced apoptosis by restricting IP3R3-me-
diated Ca2+ flux to mitochondria. Nat Commun 12: 5404.  
https://doi.org/10.1038/s41467-021-25260-9

15.  GAO J, AKSOY BA, DOGRUSOZ U et al 2013 Integrative anal-
ysis of complex cancer genomics and clinical profiles using the 
cBioPortal. Sci Signal 6: l1.   
https://doi.org/10.1126/scisignal.2004088

16.  ATA SK, FANG Y, WU M et al 2018 Disease gene classification 
with Metagraph representations. Methods Mol Biol 1807: 211-224. 
https://doi.org/10.1007/978-1-4939-8561-6_16

17.  DE HOON MJ, IMOTO S, NOLAN J et al 2004 Open source 
clustering software. Bioinformatics 20: 1453-1454.   
https://doi.org/10.1093/bioinformatics/bth078

18.  SALDANHA AJ 2004 Java Treeview--extensible visualization of 
microarray data. Bioinformatics 20: 3246-3248.   
https://doi.org/10.1093/bioinformatics/bth349

19.  BALACHANDRAN VP, GONEN M, SMITH JJ et al 2015 No-
mograms in oncology: more than meets the eye. Lancet Oncol 16: 
e173-180. https://doi.org/10.1016/S1470-2045(14)71116-7

20.  ALESSI JV, RICCIUTI B, SPURR LF et al 2021 SMARCA4 and 
other SWItch/Sucrose nonfermentable family genomic alterations 
in NSCLC: Clinicopathologic characteristics and outcomes to im-
mune checkpoint inhibition. J Thorac Oncol 16: 1176-1187. 
https://doi.org/10.1016/j.jtho.2021.03.024

21.  LA FLEUR L, FALK-SORQVIST E, SMEDS P et al 2019 Muta-
tion patterns in a population-based non-small cell lung cancer 
cohort and prognostic impact of concomitant mutations in KRAS 
and TP53 or STK11. Lung Cancer 130: 50-58.   
https://doi.org/10.1016/j.lungcan.2019.01.003

22.  HERPEL E, RIEKER RJ, DIENEMANN H et al 2017 SMAR-
CA4 and SMARCA2 deficiency in non-small cell lung cancer: 
immunohistochemical survey of 316 consecutive specimens. Ann 
Diagn Pathol 26: 47-51.   
https://doi.org/10.1016/j.anndiagpath.2016.10.006

23.  AGAIMY A, FUCHS F, MOSKALEV EA et al 2017 SMARCA4-
deficient pulmonary adenocarcinoma: clinicopathological, immu-
nohistochemical, and molecular characteristics of a novel aggres-
sive neoplasm with a consistent TTF1(neg)/CK7(pos)/
HepPar-1(pos) immunophenotype. Virchows Arch 471: 599-609. 
https://doi.org/10.1007/s00428-017-2148-5

24.  WU J, HE K, ZHANG Y et al 2019 Inactivation of SMARCA2 
by promoter hypermethylation drives lung cancer development. 
Gene 687: 193-199. https://doi.org/10.1016/j.gene.2018.11.032

25.  ALTAYYAR MA, SHENG X, WANG Z 2020 WD repeat domain 
77 protein regulates translation of E2F1 and E2F3 mRNA. Mol 
Cell Biol 40: e00302-00320.   
https://doi.org/10.1128/MCB.00302-20

26.  GU Z, ZHANG F, WANG ZQ et al 2013 The p44/wdr77-depen-
dent cellular proliferation process during lung development is re-
activated in lung cancer. Oncogene 32: 1888-1900.   
https://doi.org/10.1038/onc.2012.207

27.  RICKARD JA, BURR ML, WILLIAMS B et al 2022 SMARCB1/
INI1-deficient primary lung carcinoma with hepatic metastasis. 
Pathology 54: 817-820.   
https://doi.org/10.1016/j.pathol.2021.11.010

https://doi.org/10.5694/mja2.51474
https://doi.org/10.1016/S0140-6736(21)00312-3
https://doi.org/10.1007/978-3-319-24223-1_1
https://doi.org/10.1016/j.cell.2018.09.032
https://doi.org/10.1038/s43018-020-00160-x
https://doi.org/10.1126/science.aan5951
https://doi.org/10.1042/BST20211084
https://doi.org/10.1053/j.semdp.2020.12.002
https://doi.org/10.1038/s41467-021-25260-9
https://doi.org/10.1126/scisignal.2004088
https://doi.org/10.1007/978-1-4939-8561-6_16
https://doi.org/10.1093/bioinformatics/bth078
https://doi.org/10.1093/bioinformatics/bth349
https://doi.org/10.1016/j.jtho.2021.03.024
https://doi.org/10.1016/j.lungcan.2019.01.003
https://doi.org/10.1016/j.anndiagpath.2016.10.006
https://doi.org/10.1007/s00428-017-2148-5
https://doi.org/10.1016/j.gene.2018.11.032
https://doi.org/10.1128/MCB.00302-20
https://doi.org/10.1038/onc.2012.207
https://doi.org/10.1016/j.pathol.2021.11.010

