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Abstract. Small ubiquitin‑like modifier 4 (SUMO4) is the 
latest member of the sumoylation family, which enhances the 
stability of protein, regulates the distribution and localization 
of the protein, and affects the transcription activity of the 
protein. However, the role of SUMO4 in non‑small cell lung 
cancer (NSCLC) has not yet been reported. The present study 
first demonstrated that SUMO4 was upregulated in a number 
of tissues from patients with NSCLC. Immunohistochemistry 
was performed to demonstrate the expression level of SUMO4 
in lung cancer tumor tissues. Following the transfection, 
The EMT status and signaling pathway activation regulated 
by SUMO4‑siRNA was assessed by western blotting. The 
Transwell and wound healing assays were performed to 
investigate the regulatory effect of SUMO4‑siRNA on cell 
migration and invasion. Cell Counting Kit‑8 assay was 
performed to investigate whether SUMO4‑siRNA affected the 
chemosensitivity of the NSCLC cells to cisplatin. Statistical 
analysis of immunohistochemical results from the tissues 
showed that the overexpression of SUMO4 was significantly 
associated with sex, tumor type, history of smoking, T stage 
and poor prognosis. It was also identified that SUMO4 small 
interfering RNA attenuated invasion and migration in NSCLC 
cell lines, as well chemosensitivity to cisplatin via the inhibi‑
tion of the JAK2/STAT3 pathway. In conclusion, SUMO4 may 
play an important role in the poor prognosis of patients with 
NSCLC. The present study indicates that SUMO4 may be a 
potential therapeutic target for NSCLC.

Introduction

Lung cancer has a high degree of malignancy and ranks first 
as the cause of cancer‑associated mortality in the United 
States (1). Non‑small cell lung cancer (NSCLC) accounts for 
85% of all lung cancer cases in the United States (2). Although 
the diagnosis and treatment methods of NSCLC are continu‑
ously improving, metastasis via the lymph nodes and blood 
system occurs at an early stage, and due to insidious onset and 
rapid progression, the prognosis of NSCLC remains unsat‑
isfactory. Therefore, an in‑depth study on the mechanism of 
NSCLC metastasis is of great significance for its prevention, 
and to develop novel molecular targeted therapeutic drugs.

The JAK/STAT signaling pathway was found to have 
sustained abnormal activation in various malignant tumor 
cells, such as prostate cancer, sarcomas and lymphomas, 
regulating tumor proliferation, apoptosis and metastasis (3). 
As a member of STAT family, STAT3 is closely associated 
with the prognosis of NSCLC (4). JAK2 activates STAT3 by 
phosphorylation, allowing it to enter the nucleus and perform 
its biological function (3). It has been reported that the activa‑
tion of the JAK2/STAT3 signaling pathway induced metastatic 
NSCLC (5). Due to the importance of JAK2/STAT3 signaling 
in tumor development, targeted therapy for this pathway has 
also become a popular research topic in the study of NSCLC. 
At present, although several types of JAK2/STAT3‑targeted 
drugs are undergoing clinical trial (and have made progress), 
their therapeutic effects remain unsatisfactory. Therefore, 
identifying new targets for JAK2/STAT3 sensitization may 
enhance the clinical effect of JAK2/STAT3 target‑based 
therapy and improve the prognosis of patients with NSCLC.

Sumoylation is a ubiquitin‑like post‑translational modi‑
fication that enhances the stability of protein and regulates 
their distribution and localization (6). The transcriptional 
activity of transcription factors can be modulated through 
sumoylation (7). To date, four members of the small ubiq‑
uitin‑like modifier (SUMO) family (SUMO1, 2, 3 and 4) have 
been cloned and identified (7). SUMO4 is a newly discovered 
member of the sumoylation family, which is mainly expressed 
in the immune‑associated organs and kidneys. It has been 
confirmed to be closely associated with type I diabetes (8), 
coronary heart disease (9), psoriasis (10), Behcet's disease (11) 

SUMO4 small interfering RNA attenuates invasion and migration 
via the JAK2/STAT3 pathway in non‑small cell lung cancer cells

JIN‑XIAO LIANG1,  WEI GAO2,  XIAO‑WEI ZENG1,3,  GUO‑PING CHENG4,  
LEI CAI1,  KAI‑YI TAO1  and  XUN YANG1

1Department of Thoracic Surgery, Zhejiang Cancer Hospital, Hangzhou, Zhejiang 310022; 2School of Medicine, 
Zhejiang University City College; 3School of The Second Clinical Medical College, Zhejiang Chinese Medical University 

City College; 4Department of Pathology, Zhejiang Cancer Hospital, Hangzhou, Zhejiang 310000, P.R. China

Received June 24, 2019;  Accepted July 9, 2020

DOI: 10.3892/ol.2020.12088

Correspondence to: Dr Jin‑Xiao Liang or Dr Xun Yang, 
Department of Thoracic Surgery, Zhejiang Cancer Hospital, 
1 Banshan East Road, Hangzhou, Zhejiang 310022, P.R. China
E‑mail: liangjinxiaozch@163.com
E‑mail: zlyy633@163.com

Key words: small ubiquitin‑like modifier 4, non‑small cell lung 
cancer, metastasis, prognosis, JAK2/STAT3 pathway



LIANG et  al:  SUMO4 PROMOTES METASTASIS IN NSCLC2

and other diseases. However, research into the potential regula‑
tory effects of SUMO4 on tumorigenesis is somewhat lacking.

A Study has shown that SUMO4 negatively regulates 
NF‑kB transcriptional activity in a diabetic model (12). 
Mo et al (11‑13) found that SUMO4 decreased oxidative 
stress by increasing antioxidant enzymatic activity and DNA 
damage signaling‑associated protein activity, thus activating 
the cellular self‑protection mechanisms (13). SUMO4 also 
directly decreased the DNA‑binding activity of the STAT 
protein, leading to the inhibition of JAK/STAT signaling (14). 
These findings suggest that SUMO4 may be associated with 
tumor development and progression. It has been reported that 
SUMO4 expression was increased in thyroid cancer (15). 
However, the expression and function of SUMO4 during 
the tumorigenesis of NSCLC remain unknown. The present 
study investigated the expression of SUMO4 in NSCLC and 
identified the mechanisms of SUMO4 in augmenting the 
proliferation, invasion and migration of NSCLC cells.

Materials and methods

NSCLC patient samples. A total of 100 NSCLC 10 adjacent 
non‑cancerous tissues (defined as tissue which is at least 
3 cm from cancerous region; samples were collected from 
100 patients (71 men and 29 women) during surgery at 
Zhejiang Cancer Hospital (Zhejiang, China) between January 
2009 and March 2011. All patients gave written informed 
consent to participate in the study and to allow their samples to 
be biologically analyzed. The age of the patients with NSCLC 
enrolled in the present study ranged from 39 to 76 years (mean, 
61.3 years). The exclusion criteria included patients with other 
types of cancer and those who had received preoperative 
chemoradiotherapy. Control samples were obtained from 
the same patient at a site at least 3 cm from the tumor and 
were approved as control samples by a pathologist. Tissue 
sections were fixed with 10% formalin for at least 24 h at 
room temperature and subsequently embedded in paraffin for 
immunohistochemistry. The tumors were staged according to 
the pathological tumor/node/metastasis (pTNM) classification 
(7th edition) of the International Union against Cancer (16). 
All procedures for sample collection and processing were 
ratified by the International Review Board of Zhejiang Cancer 
Hospital (Hangzhou, China; approval no. IRB‑2016‑134).

Reagents. Tyrphostin AG490 was purchased from 
Sigma‑Aldrich (Merck KGaA). The Cell Counting Kit‑8 
(CCK‑8) was purchased from Dojindo Molecular Technologies, 
Inc. The Biotin‑Streptavidin HRP Detection kit was purchased 
from OriGene Technologies, Inc. (cat. no. SP‑9000). 
SUMO4‑specific small interfering (si)RNA (forward, 5'‑GGA 
UGG UUC UGU GGU GCA GTT‑3' and reverse, 5'‑CUG CAC 
CAC AGA ACC AUC CTT‑3') and negative control siRNA 
(forward, 5'‑UUC UCC GAA CGU GUC ACG UTT‑3' and 
reverse, 5'‑ACG UGA CAC GUU CGG AGA ATT‑3') were 
designed and synthesized by Shanghai GenePharma Co., Ltd. 
Cisplatin was purchased from Jiangsu Hanson Pharmaceutical 
Co. (http://www.hansoh.cn). The SUMO4 antibody was 
purchased from Abcam (cat. no. ab126606), phosphorylated 
(p‑)JAK2 and p‑STAT3 antibodies were from Cell Signaling 
Technology Inc. (cat. nos. 3771 and 9145), antibodies against 

vimentin, E‑cadherin, N‑cadherin, JAK2 and STAT3 were 
purchased from ProteinTech Group, Inc. (cat. nos. 10377‑1‑AP, 
20874‑1‑AP, 22018‑1‑AP, 17670‑1‑AP and 10253‑1‑AP).

Cell lines. Human NSCLC cell lines A549, NCI‑H1650 and 
SK‑MES‑1 were purchased from The Cell Bank of Type Culture 
Collection of the Chinese Academy of Sciences. All cell lines 
were cultured in DMEM (Cytvia) supplemented with 10% 
fetal bovine serum and 1% penicillin‑streptomycin (Transgen 
Biotech Co., Ltd.) in humidified air at 37˚C (5% CO2).

Transfection. Cells were seeded into 6‑well plates. At 60‑70% 
confluence (5x105 cells/well), SUMO4 siRNA (100 nM) and 
scrambled control siRNA (100 nM) were transiently transfected 
into the cells using Lipofectamine® 2000 Reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to manufacturer's 
instructions. The transfection reagent was removed after 5 h, 
and the cells were harvested after 48 h.

Immunohistochemical (IHC) staining. IHC staining of tumor 
tissues was performed on 5‑µm sections. The general procedure 
for IHC staining was performed as previously described (17). 
The sections were blocked with blocking serum from the ABC 
Vectastain kit (cat. no. PK‑6100; Vector Laboratories, Inc.) at 
room temperature for 30 min, followed by incubation with 
primary antibody against SUMO4 (1:50; cat. no. ab126606; 
Abcam) overnight at 4˚C. Then the sections were incubated 
with a horseradish peroxidase‑conjugated mouse anti‑rabbit 
Ig antibody at room temperature for 1 h, followed by staining 
with the chromogen diaminobenzidine (Zhongshan, Beijing, 
People's Republic of China) until a brown color was shown. 
The slides were counterstained with Mayer's hematoxylin 
at room temperature for 10 min. Random fields from each 
slide were viewed under a light microscope (Olympus DP73; 
Olympus Corporation) at x20 magnification.

Western blotting. Proteins extracted from cells were dena‑
tured in RIPA buffer (150 mM NaCl, 0.1% SDS, 25 mM 
Tris‑HCl pH 7.6, 1% sodium deoxycholate and 1% NP‑40) 
with protease inhibitors. The concentrations of protein were 
detected using a BCA protein assay kit (cat. no. P0010S; 
Beyotime Institute of Biotechnology). Equal amounts of total 
protein (50 µg) were analyzed by SDS‑PAGE. Proteins were 
separated on a 12% polyacrylamide gel and transferred to 
a nitrocellulose membrane. The membrane was blocked for 

Table I. Summary of SUMO4 expression status in NSCLC and 
adjacent normal tissues analyzed in the present study.

 SUMO4 expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group Negative, n Positive, n Total, n

Adjacent normal tissue 10 0 10
NSCLC tissue 31 69 100

NSCLC, non‑small cell lung cancer; SUMO4, small ubiquitin‑like 
modifier 4.
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1 h at room temperature using blocking buffer (0.5% fat‑free 
milk). After blocking, the blot was probed with primary 
antibodies (dilution, 1:1,000) at 4˚C overnight. Subsequently, 
the blot was incubated with HRP‑labeled secondary anti‑
bodies diluted in PBS buffer (1:2,000; cat. no. SA00001‑2; 
ProteinTech Group, Inc.). ECL reagent was used for visualiza‑
tion. The images were obtained using the Bio‑Rad Imaging 
System. Signal quantification was obtained using Quantity 
One software (version 4.6.6; Bio‑Rad Laboratories, Inc.) and 
normalized to GAPDH.

Wound‑healing assay. A total of 5x105 H1650, A549 and 
sk‑mes‑1 cells were seeded independently into each well of 
6‑well plates overnight. A scratch was made on the monolayers 
with a 200‑µl pipette tip, and washed with PBS to remove the 
detached cells. Fresh DMEM/F12 medium without serum 
was added into each well of the 6‑well plate. The wounded 
areas were observed and imaged using a light microscope 
(magnification x100) at 0 and 24 h. The migration results 
were quantified using ImageJ software (version 1.52; National 
Institutes of Health).

Transwell invasion assay. The trypsinized A549, H1650 and 
sk‑mes‑1 cells were washed with PBS and resuspended in 
serum‑free DMEM medium. Then, 200 µl cell suspension 
(1x105/well) was added to the upper chamber with a 50 µl 
solidified Matrigel‑coated membrane. The lower chamber was 
filled with 800 µl DMEM supplemented with 10% FBS. After 
24 h incubation, the chambers were fixed with 100% methanol 
for 20 min at room temperature, followed by staining with 
0.1% crystal violet for 20 min at room temperature. Images 
were captured with an Olympus fluorescence microscope 
(magnification x100).

CCK‑8 assay. Transfected H1650, A549 and sk‑mes‑1 cells 
were collected (100 µl) at 24 h post‑transfection and seeded into 
96‑well plates at a density of 3x103/well independently. Following 
incubation for 0, 12, 24, 36 and 48 h at 37˚C, 10 µl CCK‑8 reagent 
was added into each of the wells, and the cells were incubated 
at 37˚C for 2 h. The absorbance was measured at a wavelength of 
450 nm using a microplate reader (Bio‑Rad Laboratories, Inc.).

Statistical analysis. Statistical analysis was performed 
using SPSS 23.0 software (IBM Corp.). All experiments 
were performed in triplicate and data are presented as 
the mean ± standard error of the mean. The association 
between the expression of SUMO4 and clinicopathological 
parameters was examined using the χ2 test. The overall 
survival (OS) and disease‑free survival (DFS) curves were 
produced using the Kaplan‑Meier method, the difference in 
survival was determined using the log‑rank test. P<0.05 was 
considered to indicate a statistically significant difference. 
Unpaired Student's t‑test was performed for western blotting 
and wound‑healing data analysis. One‑way ANOVA with 
Tukey's test was performed for invasion assay and phosphory‑
lation analysis. P<0.05 was considered to indicate a statistically 
significant difference. Numerical data are presented as the 
mean ± standard deviation.

Results

Overexpression of SUMO4 is associated with a poor prognosis 
in human NSCLC. In the present study, 10 adjacent normal 
lung tissues and 100 NSCLC tissues were collected for IHC 
staining, in order to explore the association between SUMO4 
expression and NSCLC prognosis. The results revealed that 
SUMO4 was expressed differently in the cytoplasm of these 

Figure 1. SUMO4 expression in NSCLC tissue. (A) SUMO4 staining in adjacent normal lung tissue. (B) Low SUMO4 staining in lung adenocarcinoma tissue. 
(C) High SUMO4 staining in lung adenocarcinoma tissue. (D) Low SUMO4 staining in lung squamous cell carcinoma tissue. (E) High SUMO4 staining in 
lung squamous cell carcinoma tissue. All the images were obtained at x200 magnification. NSCLC, non‑small cell lung cancer; SUMO4, small ubiquitin‑like 
modifier 4.
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Table II. Statistical analysis of the association between the expression of SUMO4 and the clinicopathological parameters of NSCLC.

 SUMO4 expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological parameter n Negative, n Positive, n P‑value

Age, years    0.723
  <60 33 11 22 
  ≥60 67 20 47 
Sex    0.017
  Male 71 17 54 
  Female 29 14 15 
Tumor type    0.013
  Adenocarcinoma 46 20 26 
  Squamous cell carcinoma 54 11 43 
BMI    0.075
  <22 52 12 40 
  ≥22 48 19 29 
Hypertension    0.108
  With 20 3 17 
  Without 80 28 52 
Diabetes    1.000
  With 7 2 5 
  Without 93 29 64 
History of drinking    0.993
  Moderate or heavy drinking 42 13 29 
  Without or light drinking 58 18 40 
History of smoking    0.002
  With 64 13 51 
  Without 36 18 18 
Tumor location    0.510
  Left lung 37 10 27 
  Right lung 63 21 42 
Tumor location    0.327
  Upper and middle lung 54 19 35 
  Lower lung 46 12 34 
Tumor size, cm    0.262
  ≤3 34 13 21 
  >3 66 18 48 
Tumor differentiation    0.168
  Well and moderate 51 19 32 
  Poor 49 12 37 
T stage    0.025
  T1 and T2 76 28 48 
  T3 and T4 24 3 21 
N stage    0.137
  N0 47 18 29 
  N1, N2 and N3 53 13 40 
M stage    0.526
  M0 98 30 68 
  M1 2 1 1 
Tumor stage    0.186
  Stages I and II 58 21 37 
  Stages III and IV 42 10 32 
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tissues. The tissues were divided into ‘positive’ and ‘negative’ 
groups, according to SUMO4 expression (Fig. 1). The expres‑
sion of SUMO4 in NSCLC tissues were significantly higher 
compared with the adjacent normal lung tissue (Fig. 1). 
Quantitative analysis of the IHC staining results indicated that 
69% of NSCLC samples were positive for SUMO4, while all 
adjacent normal lung tissues were negative via IHC analysis 
(Table I; P=1.6862x10‑5).

In order to demonstrate the association between SUMO4 
expression and NSCLC prognosis, the expression of SUMO4 
was systematically analyzed relative to the clinicopathological 
characteristics of NSCLC from 100 patients. Based on the IHC 
staining results of all samples, the following associations were 
identified: Sex, tumor type, history of smoking and T stage 
were significantly associated with the expression of SUMO4 
(P<0.05), however, age, body mass index (BMI), hypertension, 
diabetes, history of drinking, tumor location, tumor size, tumor 
differentiation, N stage, tumor stage and recurrence were not 
associated with the expression of SUMO4 (P>0.05) (Table II).

To clarify the associations between SUMO4 and NSCLC 
prognosis, the OS and DFS curves of these patients were 
generated using the Kaplan‑Meier method. It was identified 
that positive expression of SUMO4 was significantly associ‑
ated with short DFS and OS times (Fig. 2), indicating poor 
prognosis.

SUMO4 siRNA decreases cell migration, invasiveness and 
epithelial‑mesenchymal transition (EMT) in NSCLC cells. To 
explore whether SUMO4 regulates the migratory and invasive 
abilities of NSCLC cells, SK‑MES‑1, NCI‑H1650 and A549 
cells which expressed SUMO4, were transfected with SUMO4 
siRNA and negative control siRNA (Fig. 3A). EMT marker 
proteins including N‑cadherin, E‑cadherin and vimentin were 
examined by western blotting as shown in Fig. 3B. A notable 
decrease in vimentin and N‑cadherin, as well as increase in 
E‑cadherin was observed. Cell migration and invasion were 
evaluated by wound healing and Transwell assays (Fig. 3C‑F). 
It was found that SUMO4 siRNA significantly inhibited the 
wound closure and invasion capacities of A549, H1975 and 
SK‑MES‑1 cells.

SUMO4 siRNA promotes the sensitivity of NSCLC cells to 
chemotherapy. To identify whether SUMO4 expression affects 
NSCLC chemosensitivity, control and SUMO4‑siRNA trans‑
fected A549, H1975 and SK‑MES‑1 cells were treated with 
cisplatin at various concentrations, and the CCK‑8 assay was 
used to assess the inhibition of cell proliferation rate. It was 
found that the inhibitory effect on the proliferation of cells 
increased with increasing concentrations of cisplatin. SUMO4 
silencing dose‑dependently altered inhibition rate compared 
with the NC group (Fig. 4).

Figure 2. Survival curves of patients with NSCLC with negative or positive expression of SUMO4. SUMO4 expression data were collected from immuno‑
histochemistry experiments in Fig. 1; the prognostic information was collected by the clinical team. (A) OS was based on the expression status of SUMO4. 
Differences between SUMO4‑negative and ‑positive groups were significant, P=0.036. (B) DFS time based on the expression status of SUMO4. Difference 
between SUMO4‑negative and ‑positive groups were significant, P=0.039. NSCLC, non‑small cell lung cancer; SUMO4, small ubiquitin‑like modifier 4; 
DFS, disease‑free survival; OS, overall survival.

Table II. Continued.

 SUMO4 expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological parameter n Negative, n Positive, n P‑value

Recurrence    0.084
  With 64 16 48 
  Without 36 15 21 

NSCLC, non‑small cell lung cancer; SUMO4, small ubiquitin‑like modifier 4; BMI, body mass index.
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SUMO4 siRNA decreases cell invasiveness via the 
JAK2/STAT3 pathway in NSCLC cells. To explore the under‑
lying molecular mechanism of the augmented invasion by 
SUMO4 depletion, the JAK2/STAT3 pathway was specifi‑
cally analyzed in the present study. Using SUMO4 siRNA 
combined with the application of JAK2 kinase inhibitor 
AG490, it was found that knocking down SUMO4 slightly 
decreased JAK2 and STAT3 activity, as reflected by the phos‑
phorylated forms of JAK2 and STAT3 (Fig. 5). In addition, 
inactivation of JAK2 by a specific inhibitor (AG490) resulted 
in decreased invasive ability of cells, demonstrated by the 
transwell invasion assay (Fig. 3D).

Discussion

Sumoylation has been shown to play important roles in 
various biological processes such as signal transmission, 
nuclear transportation, gene expression regulation and cell 
cycle regulation (18). It also participates in the regulation of 
mitochondrion division, as well as the maintenance of genome 
integrity (18). Sumoylation is closely associated with several 
human diseases, such as cancer, diabetes, Parkinson's disease 
and Alzheimer's disease (19). For example, sumoylation of 
β‑catenin regulated the proliferation of myeloma (20), CDK6 
sumoylation regulated the cell cycle arrest of glioma cells (21), 

Figure 3. SUMO4‑knockdown decreases migration and invasion in NSCLC cells. SUMO4 was downregulated by siRNA in A549, H1650 and SK‑MES‑1 cells 
for analysis of its effect on migration and invasion. (A) Western blot analysis shows the expression levels of SUMO4 in the three NSCLC cell lines. (B) Western 
blot analysis shows the expression levels of SUMO4 and corresponding factors involved in epithelial‑mesenchymal transition. (C) Cell migration was detected 
via the wound healing assay, magnification x100. (D) Quantitative analysis of (C). (E) Cell invasion was assessed via the Transwell assay. (F) Quantitative 
analysis of (E) *P<0.05; **P<0.01; ***P<0.001. NSCLC, non‑small cell lung cancer; SUMO4, small ubiquitin‑like modifier 4; siRNA, small interfering RNA; 
NC, negative control.
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and sumoylation of Forkhead box protein K2 regulated the 
sensitivity of breast cancer cells to paclitaxel (22). These 

results identified that sumoylation played an important role in 
the development of tumors.

Figure 5. Role of SUMO4 expression in JAK2/STAT3 pathway activation in A549 and SK‑MES‑1 cells. SUMO4 was downregulated in NSCLC cells in combi‑
nation with the use of a JAK2 inhibitor (AG490). (A) Equal amounts of total cell lysate were analyzed by western blotting. (B) Comparison of protein levels of 
p‑JAK2 and p‑STAT3 to GAPDH ratio. *P<0.05; **P<0.01. NSCLC, non‑small cell lung cancer; SUMO4, small ubiquitin‑like modifier 4; p‑, phosphorylated.

Figure 4. Inhibitory effects of cisplatin on three NSCLC cell lines tested by Cell Counting Kit‑8 assay. NSCLC, non‑small cell lung cancer; SUMO4, small 
ubiquitin‑like modifier 4; siRNA, small interfering RNA; NC, negative control; NC5, NSCLC cells with negative control siRNA plus 5 µM cisplatin; NC10, 
NSCLC cells with negative control siRNA plus 10 µM cisplatin; NC20, NSCLC cells with negative control siRNA plus 20 µM cisplatin; si5, NSCLC cells 
with SUMO4 siRNA plus 5 µM cisplatin; si10, NSCLC cells with SUMO4 siRNA plus 10 µM cisplatin; si20, NSCLC cells with SUMO4 siRNA plus 20 µM 
cisplatin.
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In 2004, Guo et al (23) and Bohren et al (24) simultane‑
ously discovered the SUMO4 gene on chromosome 6q25, 
which contains 702 nucleotide residues and encodes 95 amino 
acids. Guo et al (23) also found a close association between 
SUMO4 and type I diabetes, which may be a novel sensitivity 
gene for type I diabetes (20). In addition, it was also confirmed 
that SUMO4 decreased the activity of NF‑kB by binding 
with IKB (23). Mo et al (13) showed that SUMO4 initiated 
cell self‑protection mechanisms by increasing the activity 
of antioxidant enzyme and DNA damage signaling protein, 
thus decreasing oxidative stress. These results indicated that 
SUMO4 may play an important role in the development of 
cancer. In previous studies, it was found that SUMO4 expres‑
sion was significantly increased in thyroid cancer (13). The 
present findings confirmed that SUMO4 was associated with 
tumor progression. However, the study of SUMO4 in NSCLC 
has not been reported, and the mechanism of SUMO4 in 
tumors is still unclear.

The present study first demonstrated the expression of 
SUMO4 in NSCLC. The expression of SUMO4 in NSCLC 
tissues was significantly higher than in the adjacent normal 
lung tissues. The results showed that SUMO4 may play 
an important role in the occurrence and development of 
NSCLC. In the clinicopathological characteristics analysis, 
the SUMO4 positivity in men, squamous cell carcinoma, 
patients with a smoking history, T3 and T4 stage was found 
to be significantly higher compared with women, those with 
adenocarcinoma and those without a smoking history, and 
T1 and T2 stage tumors (P<0.05). However, older patients 
with a lower BMI, hypertension, diabetes, moderate or heavy 
drinking history, larger tumors, poor differentiation, lymph 
node metastasis, tumor stage III or IV, and with recurrence 
were associated with SUMO4 positivity, although not signifi‑
cantly so. These results showed that SUMO4 was closely 
associated with T stage, but there is no significant difference 
between N stage and tumor stage, which may be due to the 
limited number of specimens. Interestingly, it was found 
that men with squamous cell carcinoma and a history of 
smoking had high positivity for SUMO4. Since the smoking 
rate in men is significantly higher compared with women, the 
association between smoking and squamous cell carcinoma 
is higher compared with between smoking and adenocarci‑
noma. Therefore, it is speculated that smoking may increase 
the positivity for SUMO4 and result in the occurrence and 
development of NSCLC. In the survival analysis, patients 
positive for SUMO4 expression were found to have poor 
prognosis. The results showed that SUMO4 may be a novel 
prognostic factor for NSCLC.

The mechanism underlying the regulatory effect of 
SUMO4 in the A549, H1650 and SK‑MES‑1 cell lines was 
further explored. The expression of SUMO4 enhanced inva‑
sion and migratory abilities, and increased EMT in all three 
cell lines. These results imply that SUMO4 expression could 
promote the metastatic capability of NSCLC. It was found 
that SUMO4 expression decreased cisplatin chemosensitivity. 
Thus, SUMO4 expression may be involved in chemotherapy 
resistance in NSCLC.

Wang et al (14) found that SUMO4 decreased the DNA 
binding activity of STAT, thus inhibiting the JAK/STAT 
signaling pathway. In the present study, the inhibition of 

SUMO4 was found to inhibit invasion and migration by 
downregulating the activation of the JAK2/STAT3 pathway in 
NSCLC cells. SUMO4 may regulate the stability of molecules 
which activate JAK2‑STAT3 signaling pathways, which lead 
to tumor progression. However, the molecular mechanism still 
requires further exploration.

There are limitations of the present study. Firstly, due to 
the limited number of specimens, some subgroups had insuffi‑
cient samples. The sample size needs to be increased to obtain 
more accurate results. Secondly, in vivo studies should be 
performed to explore the effect of SUMO4 on NSCLC metas‑
tasis. Furthermore, the mechanisms underlying the effect of 
SUMO4 on JAK2/STAT3 signal pathway activation requires 
further exploration, by constructing SUMO4 expression 
plasmids, in future studies.

In conclusion, SUMO4 was found to be expressed in 
NSCLC and is significantly associated with sex, tumor 
type, history of smoking, T stage and poor prognosis in 
NSCLC. SUMO4 plays a significant role in cell invasion and 
migration via JAK2/STAT3 pathway activation in NSCLC 
cell lines, which implies that SUMO4 may be a potential 
therapeutic target for NSCLC with positive expression of 
SUMO4.
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