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Abstract: Present studies have been investigted the inhibiting effect of oleanolic acid on cisplatin-resistant non-small cell lung 
carcinoma (NSCLC) cell growth and epithelial-mesenchymal transition (EMT). The MTT assay was employed to determine the effect of 
oleanolic acid (OA) on the viability of A549/CDDP cell line. Assays related to cell migration and invasion was performed to detect the 
migratory and invasive characteristics of A549/CDDP after treated with OA. The expression of ERCC1 protein, P-gp protein, 
E-cadherin protein and Vimentin protein were determined by immunocytochemistry and western blotting. These results suggested that 
OA could significangtly inhibit drug resistance. OA can not only inhibit cell proliferation of A549/CDDP, but also inhibit its EMT 
phenotype. This research will broaden the clinical application fields of oleanolic acid in the treatment of cancer. 
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1. Introduction 

Currently, lung cancer has become a popular 

malignant tumor with highest incidence in the world. 

According to the result of statistics from big data, there 

are about more than 60 million people every year die 

of lung cancer. Lung cancer is the leading cause of 

death among people with cancer comparing with other 

kinds of cancer [1]. About 85% of lung cancers are 

non-small cell lung cancer (NSCLC), the left 15% are 

small cell lung cancer [2]. Despite efforts to improve 

efficacy of therapy, the 5-year survival rate of NSCLC 

over all stages is still only 17% [3]. 

Cisplatin, cis-Diamminedichloro-platinum (II) 

(CDDP) is one of the most commonly-used 

chemotherapeutic agents in the treatment of lung 

cancer, especially in NSCLC [4]. The mechanism of 

action (MOA) of cisplatin is its interaction with DNA 

will result in the formation of DNA adducts, which in 

turn activate several signal transduction pathways and 

culminate relevant to apoptosis [5]. However, current 

investigation on clinical application of cisplatin is not 

optimistic, drug resistance is more and more common 

and severe, regardless of inherent or acquired 

non-response.  

Oleanolic acid (OA) is a pentacyclic triterpenoid 

exists in considerable plants and medical herbs [6,7], it 

is relatively nontoxic and hepatoprotective. Moreover, 

it is of great antiviral and antitumor properties. OA has 

been shown to inhibit cell proliferation of lung 

carcinoma cells via the miR-122/cyclin G1/MEF2D 

axis pathway and suppress hepatocellular carcinoma 

via ERK-p53-mediated cell cycle arrest and 

mitochondrial-dependent apoptosis. Besides, OA 

suppresses cell proliferation and invasiveness of 

Kras-transformed cells via autophagy [8-13]. 

Therefore, we hypothesized that OA can increase the 

sensitivity of cisplatin on cisplatin-resistant NSCLC. 

To verify our hypothesis, a series of experiments will 

carried out to detect the effect of OA about reversing 

drug resistance and inhibiting migration on 

cisplatin-resistant NSCLC. 

2. Materials and Methods 

2.1. Reagents and chemicals  
OA was purchased from Sigma-Aldrich (St Louis, 

MO, USA). For the in vitro studies, OA was stored at 

-20°C after dissolved in dimethyl sulfoxide (DMSO) to 

create a stock solution (0.1M). The stock solution was 

further diluted with culture medium for working 

solutions. The secondary antibodies (goat antirabbit 

and goat antimouse) were purchased from ABGENT 

(San Diego, USA). 3-[4,5-dimethylthiazol-2-yl]-2,5-di

phenyl-tetrazolium bromide (MTT), was purchased 

from Solarbio (Beijing, China).  

 

2.2. Cell viability assay 
The MTT assay was used to measure cell viability. 

A549 and A549/CDDP cells (5×10
3
/well) were seeded 

into 96-well plates, cultured for 24h, and then treated 

with OA at final concentrations of 0, 30, 50, 70 and 90 

μmol/L for 24, 48, and 72h. After treatment, 20μL of 

MTT solution (5mg/mL) was added to each well and 

the plates were incubated at 37°C for about 4 hours. 

Then replaced the culture medium with 150μL of 

DMSO. A microplate reader (Bio-Tek, Winooski, VT, 

USA) would be used to measured the absorbance of 

the solution at 490nm.  

 

2.3. Wound-healing assay 
Cell migration was assessed using wound-healing 

assays. Cells were grown in a confluent monolayer in a 

https://www.baidu.com/link?url=QvivibjqgngMngDh5db6dUWvFgMsxHUjkm160ovDKUfOIehMGxccT8gR2F4_ZCmYB5nWGTleVwKsD9YAQJp4qHGONTmM5O_gLmFaFbk9bIQefSHkFhbYZm2juS0l-fwQFeifnlegjusSVE-2HenAD_&wd=&eqid=d59e23780009c5a20000000356f4d07c
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6-well plate. A wound was inflicted in the cell layer by 

scratching the plate with a sterile pipette tip. Plates 

were rinsed gently with phosphate saline buffer (PBS) 

twice to remove non-adherent cells before incubating. 

The medium was changed to serum-free RPMI-1640 

with 60μmol/L OA and the cells were continuously 

cultured for 12h and 24h. Digital images of the wound 

were obtained at times 0, 12 and 24h at 

200×magnification.  

 

2.4. Transwell-matrigel invasion assays 
Cells were serum starved for 12h prior to use. Media 

with 15% FBS was added to the wells of a 24-well 

plate. The polycarbonate filters (8μm poresize, 

Corning) were precoated with Matrigel Matrix (BD 

Biosciences, Sparks, MD, USA). 2×10
3
 cells in 

serum-free media with 60μmol/L OA were added to 

the interior of each upper chamber. Plates were 

incubated for 48 h at 37°C in 5% CO2, and media 

removed from the upper chamber, which was then 

washed with PBS. The upper chamber membranes 

were fixed with cold methanol for 20mins, stained 

with 0.1% Crystal Violet in 25% methanol for 30 mins 

and rinsed with PBS. The number of cells was counted 

by a phase contrast microscope (five fields perchamber 

were collected). 

 

2.5. Immunocytochemistry assays  
A459 cells (10

5
/well) were seeded on cover slips in 

24-well plates, then treated with 0 and 60 μmol/L OA. 

After 24 h incubation, the cells were washed twice 

with PBS, and fixed with a 4% buffered 

paraformaldehyde solution for 40 mins. After three 

washes in PBS, the cover slips were incubated for 10 

mins in 60 μl endogenous peroxide, and then washed 

again in PBS (3×), remove PBS liquid, add 60 μl 

antibodies, incubation overnight. The next step was to 

add the secondary antibody selected for that trial: 

biotinylated anti-rabbit IgG or anti-mouse IgG. After 

that step, the coverslips were washed (3×) with PBS. 

Next, the coverslips were stained with 60 μl DAB for 

3-5 mins. Following two more washes in distilled 

water, then used 60 μl hematoxylin stained cells to 

light blue. After washing, the cover slips were 

observed by microscopy (Eclipse E-800, Nikon, 

Japan).  

 

2.6. Western blot analysis 
A549/CDDP were treated with OA (0, 60 and 

90μmol/L) for 48h, A549 were treated without OA 

relatively. After which both adherent and floating cells 

were harvested, washed the cells twice in ice-cold PBS, 

and lysed in RIPA buffer (Beyotime Biotechnology, 

Shanghai, China) and protease inhibitor (Solarbio, 

Beijing, China) at 4°C for 5mins. After centrifugation 

at 14,000g for 25mins, extracted the supernatant. A 

BCA Protein Kit (Beyotime Biotechnology, Shanghai, 

China) were used to quantify the protein 

concentrations. Cell lysates (40μg/lane) were separated 

by 10% SDS-PAGE, then electrophoretically 

transferred to polyvinyl diflouride (PVDF) membranes 

(Millipore, Billerica, MA, USA) and blocked with 

Tris-buffered saline (TBS) containing 0.1% Tween 20 

(TBST) and 5% skimmed milk powder. The 

membranes were incubated with anti-E-cadherin, 

anti-Vimentin (Santa Cruz Biotechnology, China) and 

anti-ERCC1, anti-P-gp (ABCAM, Cambridge, MA, 

USA) antibodies (1:1000) at 4°C overnight, washed 

three times with TBST and then incubated with the 

appropriate HRP-conjugated secondary antibodies 

(1:5000) for 1h at room temperature. The protein bands 

were visualized using Gel Doc 2000 (Bio-Rad, 

Hercules, CA, USA). Protein levels were normalized 

to GAPDH (1:2000, Santa Cruz Biotechnology, 

China). 

 

 
Figure 1. MTT assay detected that OA inhibited 

cisplatin resistance cancer NSCLC cells 

proliferation (*P<0.05). 

 

2.7. Statistical analysis 
The experimental results are expressed as x±s. The 

Student’s t-test was used to compare the difference 

between treated groups and their controls. Data were 

considered to be statistically significant when P<0.05. 

3. Results 

3.1. OA inhibited cisplatin resistance cancer 

NSCLC cells proliferation 
As shown in Figure 1, the results indicated that OA 

significantly inhibited the proliferation of A549/CDDP, 

and presented as time and concentration-dependence. 

OA inhibits cancer cells viability begining in 24h and 

achieved 50% inhibition rate at 90μmol/L after 

treatment for 48h. 

 

3.2. OA effectively inhibite the movement of 

A549/CDDP  
We performed wound healing assay and 

transwell-matrigel invasion assays to determine the 

migration and invasion ability of A549/CDDP. After 

the treatment of 60μmol/L OA for 48h, A549/CDDP 

cells appearing a reduction in their migration and 

invasion capabilities compared A549/CDDP cells 

without treatment of OA (Figure 2A, B). 
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Figure 2. Wound healing assay and transwell-matrigel invasion assays (*P<0.05). 

 

 

3.3. OA caused the reversal of cisplatin resistance 

and EMT phenotype cisplatin resistance in 

A549/CDDP 

Western blot and immunocytochemistry assay 

displayed that, after the treatment of OA, 

resistance-associated proteins ERCC1, P-gp and the 

EMT markers E-cadherin, Vimentin in A549/CDDP 

cells both reversed expression compared with A549 

cells (Figure 3A, B). 

4. Discussion 

The results of our study suggested that OA can 

effectively inhibit cisplatin-resistant NSCLC cells’ 

proliferation, drug resistance and EMT. In MTT assay 

(Figure 1), the results showed that OA with high 

concentrations (50, 70 and 90μmol/L) in the 

processing time could significantly inhibit 

A549/CDDP cell proliferation (P<0.05). The treatment 

of low concentrations (30μmol/L) of OA for 72h could 

inhibit the proliferation of A549/CDDP cells (P<0.05) 

and this concentration of OA in the treatment of 24 and 

48h on A549/CDDP cells proliferation had no 

significant inhibition (P>0.05). After the treatment of 

60μmol/L OA, the wound distance of A549/CDDP was 

no significant change and compared to the control 

group which without treatment of OA, the invasion 

cells was few (Figure 2A, B). The 

Immunocytochemistry assays and Western blotting 

analysis (Figure 3A, B) showed that after the treatment 

of 60 or 90μmol/L OA for 48h, the expressions of P-gp, 

ERCC1 was decreased, which suggested that OA could 

reduce drug resistance inducing by cisplatin. 

Furthermore, the expression of E-cadherin protein and 

Vimentin protein has increased and decreased, 

respectively, their changes verifid that OA could 

reverse the phenotype of EMT of A549/CDDP. That 

was a futher evidence of superior anticancer efficacy 

of OA treated on cisplatin-resistant NSCLC. The 

chemotherapy based on Cisplatin, one of the main 

drugs used to treat lung cancer, seemed to have 

reached a dead-end regarding malignant lung cancer, 

leading clinical researchers to evaluate the validity of 

continuing its use in advanced lung cancer patients 

[14]. Drug resistance is a severe limitation of 

chemotherapy on the therapy of various malignant 

carcinomas. Advanced lung cancer is a complicated 

disease that urges treatments targeting on multiple 

signaling pathways [15-17]. Researchers are of great 

interest for lung cancer therapy about new drugs 

available to overcome the chemoresisitance of cancer 

and surpress the progress of the metastasis resulted 

from this disease [18]. As an anticancer agent, the 

importance of research on OA is apparent. However, 

the MOA of OA on cisplatin-resistant NSCLC remains 

unknown. In this study, we found that OA could inhibit 

cell proliferation, reverse the EMT phenotype, and 

downregulate the expression of drugresisitance 

associated proteins. The cell viability assay showed 

that OA could inhibit proliferation of cisplatin 

resistance NSCLC cells. Interestingly, an in vivo study 

found that OA is of low toxicity that it seldomly do 

harm to the xenagraft mouse [18]. All in all, OA has 

the potential to become a candidate for treatment of 

cisplatin-resistant human lung carcinoma. 
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Figure 3. OA caused the reversal of cisplatin resistance and EMT phenotype cisplatin resistance  

in A549/CDDP. 

 

Data presented in this paper demonstrated that after 

the treatment of OA, the expression of proteins related 

to MDR (multidrug resistance), such as P-glycoprotein 

(P-gp)/ABCB1 (efflux pumps that are good at 

removing a variety of drugs out the cell, and thus, 

preventing cell death [19]) and ERCC1 (involved in 

the nucleotide excision and repair (NER) pathway. 

Patients with low levels of ERCC1 expression have 

been reported to have an improved response and a 

longer OS in lung tumors treated with cisplatin [20-23]) 

were decreased, which suggests that OA may enhance 

drug-sensitivety of the NSCLC cells through 

decreasing the expression of resistance-associated 

proteins.  

In multiple studies, poor prognosis has been shown 

to be correlated with the altered expression of various 

proteins relevant to EMT development, including 

vimentin [24], certain epithelial cytokeratins [25] and 

E-cadherin [26]. Additionally, EMT can be induced in 

breast cancers after treated with standard 

chemotherapies [27] and hormonal therapies [28], 

suggesting a potential role for EMT in chemoresistance. 

In our study, we showed that OA weakened the EMT 

of A549/CDDP. OA not only inhibited the matasis and 

invasion of A549/CDDP, but also upregulate the 

expression of Vimentin protein and downregulate the 

expression of E-cadherin protein. The study had just 

examined that the inhibitory effect of OA on 

cisplatin-resistant NSCLC, but the MOA of OA 

sensitizing the effect of cisplatin on cisplatin-resistant 

cancer cells is not clear. 

In conclusion, the results presented in this paper 

indicate that OA can be a chemotherapeutic agent with 

great antitumor activity and a co-adjuvant for the 

treatment of chemoresistant lung cancer. Taken all 

together, this study demonstrates the promising clinical 

application of OA on the treatment of drug resistant 

cancer. 
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