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Abstract
Background: SMARCA5 has been proved to play the role of oncogene in various types of tumors. The
purpose of our study was to study the relationship between the expression of SMARCA5 and the
prognosis of patients with Non-small cell lung cancer(NSCLC), and to investigate the effect of silencing
the expression of SMARCA5 on the biological behavior of NSCLC. 

Methods Immunohistochemistry method was adopted to detect to the expressions of SMARCA5 proteins
in NSCLC and normal lung tissues. The correlation between the expression of SMARCA5 and
clinicopathological factors and survival prognosis of patients with NSCLC were analyzed by statistical
methods. Western blot and RT-PCR were used to detect the expression of SMARCA5 in normal human
bronchial epithelial cell line (HBE) and human lung cancer cell lines (A549, Lu165, SK-MES-1 and NCI-
H520). SMARCA5 siRNA was employed to silence the the expression of SMARCA5. MTT and Transwell
methods were used to detect the proliferation and invasion of lung cancer cells.

Results: SMARCA5 protein were highly expressed in 78 (59.5%) NSCLC tissues. SMARCA5 mRNA
(P<0.05) and protein (P<0.05) were signi�cantly higher in NSCLC tissues than in the adjacent normal
tissues. SMARCA5 expression was signi�cantly associated with poorly differentiation (P<0.001),
advanced TNM stage (P<0.001), and pleural invasion (P=0.032). Meanwhile, High expression of
SMARCA5 was associated with poor prognosis of NSCLC patients. Knockdown of SMARCA5 expression
inhibited cell growth and invasion in NSCLC. 

Conclusion: High expression of SMARCA5 is associated with poor prognosis in patients with NSCLC, and
SMARCA5 can increase activity of proliferation and invasion in NSCLC cells. SMARCA5 may play a
decisive role in tumorigenesis of NSCLC.

Background
Lung cancer is a common malignant tumor in the world and the leading cause of death of cancer
patients (1). Non-small cell lung cancer (NSCLC) is the primary histological of lung cancer. Many
treatments, including surgery, radiation therapy and chemotherapy, have been used in lung cancer
patients, but the prognosis is poor (2).Therefore, new molecular markers are urgently needed for early
detection and prognostic analysis.

The SWI/SNF (SWItch/sucrose nonfermentable) is a complex nucleosomal transformation that has been
found in both eukaryotes and prokaryotes, and is associated with transcriptional control of gene
expression in the ATP-dependent manner, which plays an important role in DNA repair and replication, cell
growth, and cell differentiation(3–5). SMARCA5 also known as human sucrose nonfermenting protein 2
homologue(hSNF2H ), is one of the SWI/SNF family proteins that has the activity of helicase and ATPase
(6–10). SMARCA5 controls the sensitivity of DNA through histone octamers, which is of great
signi�cance for gene expression, DNA replication, DNA repair and maintenance of higher-order chromatin
structures(6,11–18). SMARCA5 is an oncogene in various types of tumors. Studies have shown that
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SNF2H can promote the growth and proliferation of liver cancer cells(19). At the same time, SMARCA5 is
associated with poor prognosis of breast cancer patients and can promote the proliferation and invasion
of breast cancer cells(20). Other studies have observed that the overexpression of SMARCA5 can
promote the proliferation of gastric cancer, which play an important role in gastric carcinogenesis(21).
But its biological functions and expression pattern in NSCLC is unintelligible. The biological functions of
SMARCA5 in the development and progression of NSCLC were explored by examining the expression of
SMARCA5 in NSCLC tissues and cell lines in the present study. our study revealed that SMARCA5
expression is upregulated in NSCLC and is signi�cantly associated with progression and poor prognosis
in NSCLC patients. Furthermore, we found that knockdown of SMARCA5 inhibited the invasion abilities
and cell proliferation of NSCLC cells.

Methods
Tissue samples and patients

We collected 131 lung tissue samples from zhoushan hospital from January 1, 2007 to December 31,
2016. All enrolled patients underwent radical surgical resection without chemotherapy or radiotherapy.
Fresh tissue specimens were �xed in formalin and embedded in para�n for tissue sectioning.
Hematoxylin and eosin staining (H&E) were used for routine staining. The histological type was
determined by two senior pathologists according to the World Health Organization lung carcinoma
histological classi�cation criteria (2015). According to TNM staging system of the International Union
Against Cancer (UICC) in 2009 Informed consent was obtained prior to surgery from all enrolled patients.
The follow-up methods were outpatient and telephone. The survival time was measured from the date of
surgery to the date of death due to recurrence/metastasis or the date of the last follow-up. The deadline
of follow-up data in this paper was December 2016, and one patient lost the follow-up.

Immunohistochemical staining and results determination

The tissue was �xed in neutral formalin and embedded in para�n, and 4 µm sections were prepared.
Immunostaining was performed by the streptavidin–peroxidase (S-P) method (UltrasensitiveTM MaiXin,
Fuzhou, China). The primary antibodies were polyclonal mouse anti- SMARCA5 antibody ( hSNF2H, sc-
365727 1:600; Santa Cruz Biotechnology, Inc., Santa Cruz, CA). The peroxidase reaction was developed
with 3, 3’-diaminobenzidine tetrahydrochloride (DAB, MaiXin, Fuzhou, China). Nonimmune serum was
used as the negative control instead of the primary antibody. All the samples were evaluated by two
independent pathologists. The presence of brown-yellow granules in the nucleus/cytoplasm was
considered as positive staining. The intensity of immunostaining (0, negative; 1, moderate; and 2, strong)
and the staining percentage of tumor cells (0, 0%; 1, 1–5%; 2, 6–25%; 3, 26–75%; and 4, 76–100%) were
assessed in at least 5 high power �elds (400 × magni�cation). The scores of each tumor sample were
multiplied to give a �nal score of 0 to 8, and the tissues with a �nal score of 4–8were �nally determined
as SMARCA5 overexpression(20).

Cell Culture
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The normal human bronchial epithelial cell line (HBE),human lung adenocarcinoma cell lines A549 and
Lu165 human squamous cell carcinoma cell lines SK-MES-1 and NCI-H520 were maintained in RPMI
1640 medium (GIBCO, Inc., Grand Island, NY, USA) supplemented with 10% fetal bovine serum(GIBCO, Inc.,
Grand Island, NY, USA) and 100 U/mL of penicillin–streptomycin in a humidi�ed atmosphere with 5% of
CO2.

Small RNA Interference

Cells were inoculated with a six-well plate at a density of 5 × 105 per well. The untreated group and the
control siRNA group were used as negative controls, siRNA concentrations was 20 um. 10 µg SMARCA5
siRNA (hSNF2H siRNA, sc-35594, Santa Cruz Biotechnology, Inc., Santa Cruz, CA) and 10 µg control
siRNA were mixed with 1.5 mL double free culture medium at room temperature respectively. The
untreated group was cultured in normal medium. 60µL Lipofectamine 2000 was mixed with 1.5 mL
double free culture medium and incubated at room temperature for 5 min. The diluted siRNA was mixed
with Lipofectamine2000 and incubated at room temperature for 30 min. A549 and SK-MES-1 cells were
transfected with the mixture. After 6 h, the cells were transferred to normal medium and cultured for 36 h
after transfection. Then cells were collected for studying. The experiments were divided into SMARCA5
siRNA group, control siRNA group and untreated group.

Western blot analysis

Samples of 1 ~ 2 g were taken, and lysis buffer of about 5 times wet weight was added. After
homogenization was crushed, or cells were collected and washed with pre-cooled PBS for 3 times. 500 µL
cell lysis �uid and protease inhibitor complex were added and treated with ultrasonic treatment under ice
bath. The supernatants were centrifuged at 10000 g for 30 min at 4 °C. The supernatants containing total
protein were harvested. Aliquots containing 60 µg of proteins were separated on a 12% SDS–
polyacrylamide gel and transferred to polyvinylidene �uoride membranes and incubated overnight at 4 °C
with primary antibody against SMARCA5 (1:1000) and β-actin(1:200), and incubated overnight at 4℃.
Then added into the secondary antibody (1:2000), incubated at room temperature for 2 h. Then the
results were visualized by ECL (Pierce Biotechnology, Rockford, IL, USA). Images were collected by the gel
imaging system, The grayscale values of the SMARCA5 bands were normalized to the corresponding β-
actin band to determine the expression level of the protein.

RT-PCR analysis

Total RNA was isolated using Trizol reagent (Invitrogen) according to the manufacturer’s instructions.
cDNA was obtained by reverse transcription using the RNA PCR Kit (AMV), and SMARCA5 was ampli�ed.
β-actin was used as an internal parameter. The conditions for synthesizing cDNA were: 30℃ for 10 min,
42 ℃ for 30 min, 99 ℃ for 5 min and 5℃ for 5 min.

MRNA was ampli�ed using reverse transcriptional cDNA as a template. The primers used in this study
were: SMARCA5: forward, 5 '- CCTTTG AAG ATG AAA CCA GGG CGC-3', and reverse, 5 '- CTG
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TTAATAGCTCTTCATCCTCCTC-3'; andβ-actin: forward, 5'-AAATCGTGCGTGACATTAA-3', and reverse, 5'-
CTCGTC ATACTCCTGCTTG − 3'. The PCR products were stained with ethidium bromide and analyzed
using a Bioimaging system (UVP) after conducting electrophoresis. Relative band intensities were
determined using NIH image software.

Matrigel invasive assays.

Matrigel (BD Biosciences) and Transwell inserts of 8.0 mm pore size (Corning, Inc., NY, USA) were used
for invasion assays. The Matrigel (µg/ml) was applied to the upper surface of the membranes. After
transfection for 24 h, cells were seeded on the upper chamber (5 × 104 cells ⁄ well) and incubated for
24 h. Cells that had invaded the surface of the membrane were �xed with methanol and stained with
hematoxylin. Five random high-magni�cation microscope �elds per �lter were counted. The experiment
was repeated thrice and the data were shown in meanstandard deviation (SD), the experiments were
divided into SMARCA5 siRNA group, control siRNA group and untreated group.

MTT assay

The transfected cells were seeded in 96-well plates (1 × 104 cells ⁄ well). Cell proliferation was evaluated
each day for 4 days after transfection using MTT method. The absorbance, which was directly
proportional to the number of living cells in culture, was measured at 570 nm using a microplate reader
(Model 550; Bio-Rad, Hercules, CA, USA). A blank with dimethyl sulfoxide alone was measured and
subtracted from all values. All the assays were done at least three times independently.

Statistical analysis
SPSS version 18.0 for Windows was used for all analyses. The Pearson Chi-Square test was used to
examine the correlation between the expression of SMARCA5 and clinicopathological factors. The
Student’s t-test was used to compare data from the densitometry analysis of western blotting and RT-
PCR. The Kaplan–Meier method was used to estimate the probability of patient survival. The Cox’s
proportional hazard regression model was used to estimate the possible prognostic signi�cance of
clinicopathological variables. P values less than 0.05 were considered statistically signi�cant.

Results
1. The high expression of SMARCA5 was associated with high pTNM stage, poor differentiation and
Pleural invasion in NSCLC

To determine the expression of SMARCA5 protein in lung cancer tissues, we examined the expression of
SMARCA5 protein in 131 lung cancer tissues by immunohistochemical method. It was located in the
nucleus of the tumor cell, which was not expressed in normal bronchial epithelium or alveolar
epithelium(Fig. 1a, b), showed strong positive nuclear staining in 78 (59.5%) lung cancer tissues(�nal
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score: ≥4 points)(Fig. 1c, e), and weak positive expression in 53 cases (40.5%)(�nal score: < 4 points)
(Fig. 1d, f).

To evaluate the role of SMARCA5 protein in the malignant development of NSCLC, we analyzed the
relationship between SMARCA5 protein expression and the histopathological stage of NSCLC. We found
that high SMARCA5 expression was signi�cantly associated with poorly differentiation (P = 0.000),
advanced TNM stage (P = 0.000), and pleural invasion (P = 0.032) (Table 1). The expression of SMARCA5
was independent of age, sex, histology, tumor size, tumor location, and lymph nodes (Table 1).
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Table 1
Expression of SMARCA5 in 131 NSCLC and its correlation with clinicopathological parameters

Characteristics N SMARCA5 χ2 P

Low
expression

High
expression

Gender male 73 27 46 0.825 0.364

female 58 26 32    

Age(year) ≥ 60 80 30 50 0.746 0.388

< 60 51 23 28    

Histological scc 47 16 31 1.252 0.263

adenocarcinoma 84 37 47    

Tumor Size(cm) ≤ 2 46 24 22 4.942 0.085

2–3 32 13 19    

≥ 3 53 16 37    

Tumor Location left lung 52 16 36 3.36 0.067

right lung 79 37 42    

Lymph Node
Status

+ 39 11 28 3.461 0.063

- 92 42 50    

Pleural Invasion + 41 11 30 4.601 0.032

- 90 42 48    

Differentiation well 52 32 20 16.666 0.000

moderate 41 11 30    

poor 38 10 28    

Clinical Staging 0 11 10 1    

58 30 28 24.462  

53 11 42   0.000

9 2 7    

scc: squamous cell carcinoma

We also examined the SMARCA5 protein in 40 fresh lung cancer tissues and paired adjacent normal
tissues. RT-PCR and Western blot results showed that the level of SMARCA5 mRNA (P < 0.05) and protein
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(P < 0.05) were signi�cantly higher in lung cancer tissues than in the adjacent normal tissues,
respectively(Fig. 2).

2. High expression of SMARCA5 was associated with poor prognosis of NSCLC patients.

A survival curve analysis was adopted for patients with complete postoperative follow-up records. In the
131 NSCLC, the overall survival rate of patients with high expression of SMARCA5 was signi�cantly lower
than that of patients with low expression SMARCA5 (Log-Rank test, P = 0.001) (Fig. 3). Univariate
analysis showed that SMARCA5 expression status(P = 0.001), tumor size(P = 0.003), differentiation(P = 
0.001), lymph node status (P = 0.000)and TNM stage(P = 0.000) were closely related to the prognosis of
patients (Table 2). Multivariate survival analysis showed that SMARCA5 expression (Risk ratio: 2.846, P = 
0.012), differentiation (Risk ratio: 3.202, P = 0.000),TNM stage(Risk ratio: 2.146, P = 0.005) and lymph
node status (Risk ratio: 3.358, P = 0.000) were independent risk factors for lung cancer prognosis
(Table 3).
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Table 2
Univariate analysis of overall survival rate in 131 patients with NSCLC

Characteristics N Chi-Square

(χ2)

Log Rank Test

(P)

SMARCA5 Expression low 53 24.013 0.001

high 78    

Gender male 73 1.491 0.222

female 58    

Age (years) ≥ 60 80 0.168 0.682

< 60 51    

Histology scc 47 0.237 0.627

adenocarcinoma 84    

Tumor Size

(cm)

≤ 2 46 11.408 0.003

2–3 32    

≥ 3 53    

Tumor Location left lung 52 0.338 0.561

right lung 79    

Lymph Node Status + 39 26.268 0.000

- 92    

Pleural Invasion + 41 0.09 0.764

- 90    

Differentiation well 52 36.286 0.001

moderate 41    

poor 38    

Clinical Staging 0 11    

58    

53 65.371 0.000

9    

scc: squamous cell carcinoma
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Table 3
Multivariate analysis for predictive factors in 131 patients with NSCLC

(Cox regression model)
Factor Risk ratio 95%con�dence interval P

SMARCA5 Expression 2.846 1.263–6.411 0.012

Tumor Size 1.279 0.803–2.037 0.331

Lymph Node Status 3.358 1.725–6.538 0.000

Differentiation 3.202 2.109–4.860 0.000

TNM Stage 2.146 1.253–3.676 0.005

3. Silencing SMARCA5 could down-regulate SMARCA5 expression in NSCLC

We examined the expression of SMARCA5 in four lung cancer cell lines(A549, Lu165, SK-MES-1 and NCI-
H520) and normal bronchial epithelial cell line (HBE) by western blot and RT-PCR. We found that the
expression of SMARCA5 in HBE cell lines (P < 0.05) was lower than that in lung cancer cell lines (Lu165,
NCI-H520, A549, SK-MES-1). In the four lung cancer cell lines, the expression of SMARCA5 was higher in
A549(P < 0.05) and SK-MES-1(P < 0.05) than in NCI-H520 and Lu165 (Fig. 4).

We adopted SMARCA5 siRNA in A549 and SK-MES-1 cell lines to knockdown SMARCA5 expression. After
SMARCA5 siRNA fragment was imported into A549 and SK-MES-1 cells for 36 h, RT-PCR and western blot
results showed that, compared with untreated group or control group, the expression of SMARCA5
mRNA(P < 0.05) and protein (P < 0.05) in both lung cancer cells were signi�cantly down-regulated, which
was statistically signi�cant(Fig. 5). These results proved that the SMARCA5 siRNA interference effect in
the experiment was effective.

4. Knockdown of SMARCA5 expression inhibited cell proliferation and invasion in NSCLC

Cell proliferation rate was determined by MTT assay. We found that compared with control siRNA
group(Day2-4, 1.56 ± 0.11 and 1.50 ± 0.13, P < 0.05, n = 3) or untreated group (Day2-4, 1.71 ± 0.12 and
1.45 ± 0.12, P < 0.05, n = 3)), the proliferation rate of A549 and SK-MES-1 decreased signi�cantly after cell
transfection with SMARCA5 siRNA 2–4 days(Day2-4, 0.86 ± 0.05 and 0.75 ± 0.06, P < 0.01, n = 3) (Fig. 6).
These results suggest that silencing SMARCA5 expression can signi�cantly inhibit the proliferation of
lung cancer cells.

And transwell test results showed that the number of cells which invaded onto the lower surfaces of the
transwell �lters in the SMARCA5 siRNA group (A549: 70.64 ± 5.05 and SK-MES-1: 85.39 ± 6.89, P < 0.05, n 
= 3) had less numbers of cells than in the control siRNA group(A549: 256.68 ± 12.67 and SK-MES-1:
286.18 ± 10.64, P < 0.05, n = 3 ), or untreated cells group (A549: 245.41 ± 10.16 and SK-MES-1: 300.14 ± 
12.17, P < 0.05, n = 3 ) (Fig. 7).
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Discussion
The imitation switch nuclear ATPase SMARCA5 (Snf2h) is one of the most conserved chromatin
remodeling factors. SMARCA5 expression is upregulated in many aggressive tumors(20–25), several
studies have indicated signi�cantly higher expression of SMARCA5 in tumor tissues compared with
adjacent normal tissues, including hepatocellular carcinoma (19), gastric cancer(21), and prostate
cancer(6). Our research is consistent with the previous reports. We found that SMARCA5 protein
expression increased in NSCLC tissues by immunohistochemistry. To further con�rm our
immunohistochemical observation, we used semi-quantitative RT-PCR and western blot to examine the
SMARCA5 expression in paired lung cancer tissues and lung cell lines, and found that SMARCA5 protein
and mRNA expression were higher in lung cancer tissues and cells than in nontumorous counterparts.

In addition, we analyzed the relationship between the SMARCA5 expression and the clinical parameters.
Then we found that SMARCA5 overexpression signi�cantly associated with advanced TNM stage, pleural
invasion and poor differentiation. These results indicated that SMARCA5 upregulated played an
important role in lung cancer.

The survival analysis of this study found that the expression of SMARCA5 protein was closely related to
the overall survival rate of patients. The overall survival rate of patients with high expression of
SMARCA5 were shorter than those with low expression, and the difference in the distribution of survival
curves between the two groups was statistically signi�cant. COX multivariate regression analysis also
showed that expression of SMARCA5 protein was one of the independent risk factors affecting the
prognosis of patients. This indicates that SMARCA5 expression has a certain prognostic effect on
NSCLC.

Some study showed that SMARCA5 depletion in breast cancer cells could inhibit invasion with MMP2
downregulation(20). Wang etal reported that overexpression of SMARCA5 in BEL-7402 cells improved the
cell growth and knockdown of SMARCA5 expressionin in Huh7 cells inhibited cell growth(19). Others
showed that SMARCA5 Deletion Inhibited proliferation of myeloblasts and affected function of normal
stem cells(22). Although we showed that SMARCA5 was upregulated in human lung cancer, its biological
roles in lung cancer cells was unclear. Then we examined the biological effects of SMARCA5 using
SMARCA5 siRNA. We transfedted SMARCA5 siRNA in both A549 and SK-MES-1 cell lines. The results
demonstrated that the proliferation capacity in both A549 and SK-MES-1 cell after SMARCA5 knockdown
was impaired. We also observed that blocking of SMARCA5 expression inhibited cell invasion. Our results
suggest that silencing SMARCA5 probably confers the disadvantage to the growth and invasion of lung
cancer cells.

Conclusions
In conclusion, We found that SMARCA5 expression in lung cancer tissues was signi�cantly upregulated
compared with its adjacent normal lung tissues, and was correlated with the clinical features of TNM
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stage, pleural invasion and poor differentiation. The patients with high expression of SMARCA5 had a
signi�cant shorter survival. Knockdown of SMARCA5 using RNA interfering showed the decreased
activity of proliferation and invasion in NSCLC cells, which indicated that SMARCA5 may play a decisive
role in tumorigenesis of NSCLC. Thus, SMARCA5 is a candidate target protein for future lung cancer
therapeutics.
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Figure 1

Expression of SMARCA5 in lung tissues S-P, ×200  a, b The expression of SMARCA5 protein in normal
bronchial epithelium(a) and alveolar epithelium(b) was low or negative. c, d The expression of SMARCA5
protein in lung squamous cell carcinoma(scc) was high(c) or low(d), respectively. e, f The expression of
SMARCA5 protein in lung adenocarcinoma was high(e) or low(f), respectively.
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Figure 2

Expression of SMARCA5 in lung cancer tissue and paired adjacent normal tissues a, b The expression of
SMARCA5 mRNA and protein in lung cancer tissues was higher than that in paired adjacent normal
tissues. c, d The difference of SMARCA5 expression between lung cancer tissues and paired adjacent
normal tissues was statistically signi�cant. *, P <0.05. Data represented the mean ± SD of three
independent experiments. N, normal tissue T, tumor tissue.
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Figure 3

Association between expression of SMARCA5 and overall survival cum survival
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Figure 4

Expression of SMARCA5 in normal bronchial epithelial and lung cancer cell lines a, b The expression of
SMARCA5 mRNA and protein in lung cancer cell lines(A549, Lu165, SK-MES-1 and NCI-H520) was higher
than that in normal bronchial epithelial cell line HBE . c, d The expression of SMARCA5 mRNA and
protein was analyzed statistically. *, P <0.05. Data represented the mean ± SD of three independent
experiments.
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Figure 5

Silencing SMARCA5 expression in lung cancer cell lines can down-regulate SMARCA5 expression. a-d, RT-
PCR and Western blot showed that the level of SMARCA5 was decreased inA549 and SK-MES cells
transfected with SMARCA5 siRNA compared with the cells transfected with control siRNA or untreated. e,
f The expression of SMARCA5 mRNA and protein was analyzed statistically. *, P <0.05. Data represented
the mean ± SD of three independent experiments.
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Figure 6

Silencing SMARCA5 expression can inhibit cell proliferation in lung cancer cells
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Figure 7

Silencing SMARCA5 expression can inhibit cell invasion in lung cancer cells a, The numbers of cell
invasion were decreased inA549 and SK-MES cells transfected with SMARCA5 siRNA compared with the
cells transfected with control siRNA or untreated. b, The numbers of cell invasion were analyzed
statistically. *, P <0.05. Data represented the mean ± SD of three independent experiments.


