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Abstract 

Purpose: To investigate the role of nuclear protein 1 (NUPR1) in the drug resistance of non-small cell 
lung cancer (NSCLC) and its regulatory mechanisms.  
Methods: Quantitative polymerase chain reaction (qPCR) and immunoblot assays were conducted to 
determine NUPR1 expression in A549 cells. Cisplatin sensitivity and cisplatin-induced apoptosis were 
investigated in NUPR1 knockdown or overexpressed cells via 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay and flow cytometry. The potential association between 
unfolded protein response (UPR) and NUPR1 levels in response to cisplatin were explored. The effect 
of endoplasmic reticulum (ER) stress on apoptosis was examined using flow cytometry. 
Results: Cisplatin treatment promoted the expression of NUPR1 in NSCLC cells. NUPR1 regulated 
cisplatin resistance in NSCLC and also regulated UPR in ER stress induced by cisplatin. The results 
show NUPR1 regulated apoptosis induced by ER stress following tunicamycin treatment.  
Conclusion: NSCLC cells may promote the UPR in ER stress by promoting the expression of NUPR1, 
thereby reducing the ER stress induced by cisplatin. 
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INTRODUCTION 
 
Lung cancer is a type of malignant tumor with 
high morbidity and mortality, making it a great 
threat to human health. Non-small cell lung 
cancer (NSCLC) accounts for about 80% of lung 

cancer [1]. The morbidity and mortality of NSCLC 
are highest in men. The main treatment methods 
of NSCLC include surgical resection, 
chemoradiotherapy, and targeted therapy [2]. 
Surgical resection is often unable to eradicate 
the cancer, leading to tumor recurrence, but the 
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drug resistance and side effects of 
chemoradiotherapy still need to be resolved [3]. 
Much progress has been made in understanding 
targeted therapy as an effective treatment for 
NSCLC, but further investigation is still required.  
 
The endoplasmic reticulum (ER) is an important 
organelle in eukaryotic cells [4] where protein are 
synthesized, folded, and secreted [5]. The ER 
has a number of cellular functions [6]. ER stress 
can trigger unfolded protein response (UPR) [7]. 
In tumor cells, adaptive UPR correct ER stress 
and maintain tumor growth and proliferation by 
processing unfolded or misfolded proteins. 
 
The unfolded protein response (UPR) is one of 
the main mechanisms of tumor cell tolerance to 
chemotherapeutic drugs [8]. Rapid proliferation 
leads to an environment consisting of ischemia, 
hypoxia, and malnutrition in tumors. A large 
number of unfolded or misfolded proteins 
accumulate in the ER to activate the UPR 
process [9]. Under mild ER stress, UPR could 
further promote the proliferation of a tumor and 
increase its tolerance to chemotherapy [10]. 
 
Nuclear protein 1 (NUPR1) functions as a 
transcriptional regulator, and affects multiple 
cellular functions such as regulation of the DNA 
damage response, apoptosis, autophagy, and 
cell cycle in response to various types of cellular 
stressors [11]. The role of NUPR1 in cancer 
progression and metastasis has also been widely 
studied [12]. NUPR1 also plays an important role 
in tumor resistance.  
 
The aim of this study was to investigate the 
involvement of NUPR1 in the drug resistance of 
NSCLC and its regulatory mechanisms. 
 
EXPERIMENTAL 
 
Cell culture  
 
A549 cells obtained from ATCC (Gaithersburg, 
MD, USA) were maintained in Dulbecco’s 
modified essential medium (DMEM) 

supplemented with 10% fetal bovine serum 
(FBS, Gibco, CA, USA). 
 
For NURP1 knockdown, NUPR1 shRNA #1 and 
#2 were transfected into A549 cells with 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, 
USA). For NURP1 overexpression, the NUPR1 
gene was amplified using the primers shown in 
Table 1 and ligated into the pcDNA3.1 plasmid. 
Cisplatin and the ER stress agent tunicamycin 
were purchased from Sigma-Aldrich (Sigma-
Aldrich, St Louis, MO, USA). 
 
Quantitative PCR assays 
 
Trizol (15596026, Invitrogen) reagent was used 
for total RNA isolation from tissues and cells. M-
MLV reverse transcriptase (M1701, Promega, 
Wisconsin, USA) was utilized to transcribe total 
RNA into cDNA. Quantitative PCR was 
performed using the SYBR Ex Taq kit (638319, 
Takara, Japan), and GAPDH was used as 
internal control. The trimers used are listed in 
Table 2. 
 
Immunoblot assays  
 
Proteins were extracted with RIPA lysis buffer 
and separated using SDS-PAGE.  The proteins 
were transferred onto PVDF membrane, and 
then the membranes were immersed in 5% BSA 
in TBST and subsequently incubated using 
specific antibodies against NUPR1 (1:500 
dilution, Santa Cruz Biotechnology, Inc. Dallas, 
TX, USA), CLAR (1:500 dilution, Santa Cruz 
Biotechnology), GADD153/CHOP (1:1000 
dilution, Santa Cruz Biotechnology), PERK 
(1:500 dilution, Santa Cruz Biotechnology), β-
actin (1:2000 dilution, Santa Cruz 
Biotechnology), IRE1 (Cell Signaling, Danvers, 
MA, USA), and GRP78 (1:1000 dilution, Abcam, 
Cambridge, UK).  
 
Then, the membranes were incubated with HRP-
conjugated secondary antibodies in TBST buffer 
for 1 h before incubation with 
chemiluminescence reagents. 

 
Table 1: Primer sequences used in this study 

 
Variable Sequence
NUPR1 shRNA #1 
plasmid 

5’-CCGGGGATGAATCTGACCTCTATACCTC-3’, 5’-
GAGCTATAGAGGTCAGATTCATCCTTTTTG-3’

NUPR1 shRNA #2 
plasmid 

5’-CCGGTGGACACTACACCCAGCAATACTC-3’, 5’-
GAGTATTGCTGGGTGTAGTGTCCATTTTTG-3’

NUPR1 
overexpression 

5’-TGGATCCACCATGGCCACCTTCCCA -3’ 
5’-TCTCGAGGCGCCGTGCCCCT-3’
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          Table 2: Trimer sequences used in this study 
 

Variable Sequence 
NURP1-forward 5’-CTGGATGAATCTGACCTCTA-3’ 
NURP1-reverse 5’-CGCTTCTTCCTCTCTGAATT-3’
CHOP-forward 5’-GTCCAGCTGGGAGCTGGAAG-3’ 
CHOP-reverse 5’-CTGACTGGAATCTGGAGAG-3’,
XBP1-forward 5’-ACACGCTTGGGAATGGACAC-3’, 
XBP1-reverse 5’-CCATGGGAAGATGTTCTGGG3’,
GAP78-forward 5’-GCTCGACTCGAATTCCAAAG-3’ 
GAP78-reverse 5’-TTTGTCAGGGGTCTTTCACC-3’
PERK-forward 5’-ATCCCCCATGGAACGACCTG-3-3’
PERK-reverse 5’-ACCCGCCAGGGACAAAAATG-3’ 
CLAR-forward 5’-GATCAAGCTTGTCTGGATAAATCACAC-3’ 
CLAR-reverse 5’-GATCGTCGACCACTCCACCTCAAAACAAG-3’ 
beta-actin-forward 5’-CCTTCCTGGGCATGGAGTCCTGT-3’
beta-actin-reverse 5'-GGAGCAATGATCTTGATCTTC-3’ 

 
MTT assays 
 
Cells were seeded into 96-well plates at about 
103 cells per well. After culturing for 24 h, MTT 
solution was incubated in each well for 6 h and 
then removed. Then dimethyl sulfoxide (DMSO) 
was used to extract the dissolved cells. The OD 
value was measured at 562 nm wavelength 
using a microplate reader. 
 
Flow cytometry 
 
Cells were washed with PBS buffer. After 
centrifugation at 1000 g, cells were resuspended 
in binding buffer with Annexin V-FITC and 
propidium iodide (PI) and then incubated for 10 
min. The cells were subjected to flow cytometric 
analysis to determine the percentage of apoptotic 
cells using a FACS Calibur (BD Biosciences, San 
Jose, CA, USA) flow cytometer. 
 
Statistics 
 
Data are presented as mean ± standard 
deviation (SD). Statistical analyses were 
conducted using the Student’s t-test. A p-value < 
0.05 was considered statistically significant 
difference. 
 
RESULTS 
 
Cisplatin treatment promotes the expression 
of NUPR1 in NSCLC cells  
 
To investigate the role of NUPR1 in the drug 
resistance of NSCLC, the expression of NUPR1 
mRNA was assessed in cisplatin-treated A549 
cells. Nupr1 mRNA was enhanced in cisplatin-
induced cells after cisplatin addition for 24 h. 
Cisplatin promoted NUPR1 expression in a time-
dependent manner (Figure 1 A and B). Maximum 
expression was observed with 30 μg/ml cisplatin 
treatment. These results demonstrate that 

cisplatin treatment promotes the expression of 
NUPR1 in NSCLC cells. 
 

 
 
Figure 1: Cisplatin treatment promotes the expression 
of NUPR1 in NSCLC cells. (A) qPCR was performed 
to assess the level of NUPR1 mRNA in cells 
stimulated with 10 or 30 μg/ml cisplatin for 24 and 48 
h. (B) Immunoblot was conducted to examine the level 
of NUPR1 protein in cells stimulated with 10 or 30 
μg/ml cisplatin for 24 and 48 h; **p < 0.01 vs control; 
##p < 0.01 vs cisplatin at 24 h 
 
NUPR1 regulates cisplatin resistance in 
NSCLC cells 
 
Since NUPR1 was upregulated in cisplatin-
treated cells, we proceeded to investigate the 
function of NUPR1 in cisplatin resistance. To this 
end, we examined the function of NUPR1 in 
cisplatin sensitivity and apoptosis through 
NUPR1 depletion or overexpression in A549 
cells. As shown in Figure 2 A, NUPR1 was 
depleted or enhanced following transfection with 
NUPR1 shRNA or NUPR1 overexpressing 
plasmid, respectively. NUPR1 knockdown 
significantly increased cisplatin sensitivity with a 
lower IC50 (3.689 μg/ml in NUPR1 knockdown 
cells versus 8.418 μg/mL in control cells), while 
NUPR1 overexpression led to defective cisplatin 
sensitivity with a higher IC50 of cisplatin (14.66 
μg/ml in NUPR1 overexpressed cells versus 
8.411 μg/ml in control cells) (Figure 2 B). UPR1 
knockdown was also found to induce apoptosis 
upon treatment with 5 μg/ml cisplatin according 
to a previous IC50 value. On the contrary, NUPR1 
overexpression reduced the apoptotic cell ratio 
(Figure 2 C). Taken together, our data suggest 
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that NUPR1 affects cisplatin sensitivity in NSCLC 
cells. 
 

 
 
Figure 2: NUPR1 regulates cisplatin resistance in 
NSCLC cells. (A) The efficiency of NUPR1 knockdown 
and overexpression were validated by immunoblot 
analysis. (B) Cell viability following NUPR1 knockdown 
or overexpression was evaluated by MTT assay. (C) 
The apoptotic ratio in NUPR1 level manipulation group 
was determined by flow cytometry; **p < 0.01; ##p < 
0.01 
 
NUPR1 regulates UPR in ER stress induced 
by cisplatin 
 
The UPR is one of the main mechanisms of 
tumor cell tolerance to chemotherapeutic drugs 
[13]. Thus, we hypothesized that NUPR1 
mediates cisplatin resistance via UPR in ER 
stress. As shown in Figures 3 A and B, after the 
addition of 5 μg/mL cisplatin for 24 h, NUPR1 
knockdown significantly downregulated both 
mRNA and protein levels of XBP1, CLAR, PERK, 
IREα, and CHOP. The level of glucose regulated 
protein 78 (GRP78) was minimally affected by 
NUPR1 shRNA transfection. Conversely, NUPR1 
overexpression elevated the mRNA and protein 
levels of XBP1, CLAR, PERK, IREα, CHOP, and 
GRP78 (Figure 3 A and B). These results 
demonstrate that NUPR1 modulates the UPR in 
ER stress induced by cisplatin. 
 
NUPR1 regulated apoptosis resulting from 
tunicamycin-induced ER stress 
 
To investigate whether ER stress-induced 
apoptosis was regulated by NUPR1, A549 cells 
were treated with the ER stress-inducing agent 
tunicamycin at 1 μM for 24 h. NUPR1 knockdown 
reduced XBP1, PERK, IREα, CHOP, and GRP78 
protein level in A549 cells with tunicamycin 
treatment. NUPR1 overexpression increased 
CLAR, IREα, CHOP, and GRP78 protein level 
(Figure 4A). Flow cytometry was performed to 
analyze the apoptotic ratio in NUPR1-depleted or 
-overexpressed A549 cells. NUPR1 depletion led 
to a higher apoptotic ratio in A549 cells, while 
NUPR1 overexpression inhibited apoptosis in 
A549 cells treated with tunicamycin (Figure 4B). 

Collectively, our data demonstrate that NUPR1 
may be a regulator in tunicamycin-induced 
apoptosis. 
 

 
 
Figure 3: NUPR1 regulates the UPR in ER stress 
induced by cisplatin. (A) The mRNA level of ER stress-
related proteins was measured in NUPR1-depleted or 
ectopically expressed cells stimulated with cisplatin by 
qPCR. (B) The level of ER stress-related proteins was 
assessed in NUPR1 depleted or ectopically expressed 
cells stimulated with cisplatin by immunoblot analysis; 
**p < 0.01; ##p < 0.01 
 

 
 
Figure 4: NUPR1 regulates apoptosis resulting from 
tunicamycin-induced ER stress. (A) The level of ER 
stress-related proteins was assessed in NUPR1-
depleted or ectopically expressed cells treated with 
tunicamycin. (B) The apoptotic ratio in NUPR1-
depleted or ectopically expressed cells treated with 
tunicamycin were determined using flow cytometry; 
**p< 0.01; ##p< 0.01 
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DISCUSSION 
 
There are about 500,000 new cases of lung 
cancer in the world every year, 80% of which are 
SCLC [14]. Early diagnosis of NSCLC is difficult 
in clinics. About 50% of NSCLC patients have 
distant metastasis. Cisplatin is an effective and 
widely used first-line drug [3]. Elucidating the 
molecular mechanism of chemotherapy 
resistance in NSCLC is important to improve the 
prognosis of NSCLC patients. NUPR1 protein 
has been shown to regulate cisplatin resistance 
in NSCLC cells. Therefore, NUPR1 could serve 
as a promising therapeutic target for cisplatin-
resistance NSCLC. 
 
NUPR1 protein regulates multiple types of 
signaling pathways and therefore causes varying 
effects on cancer progression and metastasis. Its 
role in some cancers has been revealed; 
however, the role of NUPR1 remains poorly 
understood in other types of cancers. NUPR1 
mediates oncogenic potential and 
chemotherapeutic resistance in cancer. The data 
in this study confirmed the role of NUPR1 in 
chemotherapeutic resistance. Previous studies 
further confirmed that NUPR1 could affect 
chemotherapeutic resistance by regulating anti-
apoptotic activity and autophagy. This study 
confirmed NUPR1 regulates apoptosis caused by 
tunicamycin-induced ER stress, and might 
therefore affect the chemotherapeutic resistance 
of NSCLC. Previous studies investigated the role 
of NUPR1 in breast, lung, and colorectal cancer 
progression. Administration of the inhibitor of 
NUPR1, ZZW-115, is known as an efficient 
strategy for the treatment of hepatocellular 
carcinoma (HCC). These studies, together with 
our findings, suggest the potential of NUPR1 as 
a cancer therapeutic target.  
 
The UPR often leads to ER stress, which affects 
tumor progression [13]. In cells, the ER is 
responsible for the proper folding and processing 
of polypeptide chains into functional proteins. 
Some exogenous or endogenous factors lead to 
UPR, which will have a direct impact on tumor 
proliferation, migration, and apoptosis, and the 
associations between UPR and ER stress, 
autophagy, and apoptosis have already been 
revealed [8]. Several proteins affect the 
apoptosis and autophagy of cancer cells via 
UPR-induced ER stress. For example, ATM-
associated signaling triggers the UPR and cell 
death in response to ER stress [15]. Misfolded 
proteins could bind and activate DR5 to trigger 
apoptosis during unresolved ER stress [16]. 
Another study showed that autophagosome 
accumulation-mediated ATP energy deprivation 
triggered nonapoptotic cell death in lung cancer 

by promoting UPR [17]. However, the precise 
regulatory mechanism needs further study.  
 
In clinical practice, cisplatin-based chemotherapy 
remains one of the main treatments for NSCLC 
even though inherent or acquired drug resistance 
limits the clinical application of cisplatin [18]. In 
recent years, good results have been achieved in 
NSCLC in vitro [3]. This study revealed that 
targeting NUPR1 could be an effective treatment 
for cisplatin resistance in NSCLC. Investigation 
into the possibility of NUPR1 as a therapeutic 
target is still needed to better understand 
cisplatin resistance in NSCLC at the animal level. 
 
CONCLUSION 
 
The findings of this study indicate that NUPR1 
knockdown increases sensitivity to cisplatin, 
while NUPR1 overexpression improves tolerance 
towards cisplatin. NUPR1 promotes UPR in ER 
stress by enhancing the expression of NUPR1, 
thereby reducing ER stress induced by cisplatin. 
Thus, NUPR1 might serve as a potential 
therapeutic target for NSCLC drug resistance. 
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