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This study aims to investigate the relationship between EphA2 level and PRMT1 expression in non-small cell 
lung cancer patients (NSCLCP). This a retrospective observational study totally includes 40 participants, and 
these participants are divided into following two groups: control group (health participants), experimental 
group (NSCLCP), and then all these participants receive standardized bronchoalveolar lavage. Participants’ 
general data are collected and analyzed. EphA2 expression and PRMT1 expression in blood samples are 
determined by ELISA, and EphA2 protein and PRMT1 protein in bronchoalveolar lavage fluid (BALF) 
samples are determined by western blotting, and then EphA2 mRNA and PRMT1 mRNA in BALF samples 
are determined by RT-PCR. The EphA2 expression and PRMT1 expression in experimental group were 
found clearly higher than those in the control. It appears up-regulation of EphA2 and PRMT1 expression 
can promote the development of NSCLC.

Lung cancer, which is malignant tumors originating 
from bronchial mucosal epithelium, known for primary 

bronchiogenic carcinoma (Alexander et al., 2020; Schabath 
and Cote, 2019). Lung cancer is mainly consist of small cell 
lung cancer (SCLC), non-small cell lung cancer (NSCLC)
two major categories, and NSCLC account for 80-85% 
of lung cancer patients and SCLC account for 15-20% 
of lung cancer patients (Jonna and Subramaniam, 2019). 
The GLOBOCAN database for 2022 has reported that 2.3 
million new lung cancer cases were diagnosed worldwide 
in 2021, and the number of deaths accounts for 18.4% of 
all cancer deaths and lung cancer has now become the main 
cause of the cancer mortality rate in humans (Alexander 
et al., 2020). Lung cancer develops rapidly and has a poor 
prognosis (Broderick, 2020). More than 70% of patients 
with lung cancer have lost the opportunity for surgery when 
diagnosed, and the five-year survival rate is extremely low 
(Sankar et al., 2020). The vast majority of cases die within 
one year after diagnosis (Goebel et al., 2019).  

Interestingly, EphA2 and PRMT1 are biomarkers
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which participated in numerous cancers development 
progress and known as diagnostic biomarkers for 
numerous cancers (Song et al., 2020; Xiao et al., 
2020). EphA2 is receptor tyrosine kinase which has 
associated with many biological processes including cell 
morphology, adhesion, movement, proliferation, survival, 
differentiation, and EphA2 kinase activity has a significant 
impact on biological behavior. Studies by Brannan et al. 
(2009) and Psilopatis et al. (2022) have points out that 
overexpression of the receptor tyrosine kinase EphA2 
is associated with NSCLC process by controlling the 
cancer cell migration and metastasis. Those outcomes in 
previous studies show that EphA2 is a promising target 
of diagnosing NSCLC (Psilopatis et al., 2022; Yu et al., 
2020). Nevertheless, related studies concerning EphA2 in 
NSCLCP are still insufficient. PRMT1, which is one of the 
protein arginine methyltransferase family members, can 
control asymmetric dimethylation on the nitrogen atom 
of the guanidine group and can generate monomethyl 
arginine. PRMT1 plays an important role by regulating 
arginine methylation modification of histone such as 
H4R3me2a, H3R2me2s, and PRMT1 also participate in 
many important biological processes such as transcription, 
cellular signal transduction, mRNA translation, DNA 
damage repair process, receptor transport (Li et al., 2021). 
The previous studies have reported that overexpression of 
the PRMT1 is involved in numerous cancers, and PRMT1 
can control the breast cancer development progress by 
regulating the epithelial-mesenchymal transition and 
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cellular senescence (Gao et al., 2015). In addition, a study 
by Avasarala et al. (2015) points out that PRMT1 have 
implicated in development of NSCLC by regulating the 
cancer cell proliferation, but the detailed role of PRMT1 
in NSCLC is unclear.

Previous studies have suggested that EphA2 and 
PRMT1 levels are associated with NSCLC, and their up-
regulated levels can promote NSCLC development by 
regulating cancer cell biological processes, though there is 
still lack of sufficient evidence. Currently, several methods 
for treatment of lung cancer such as surgical treatment, 
radiotherapy, chemotherapy, drug therapy, Chinese 
medicine treatment have been used to decrease the lung 
cancer mortality rate, and improve the prognosis. Although 
these treatment methods have protective effect on preventing 
the development of lung cancer, the therapy efficacy does 
not meet the requirement of patient with lung cancer (He 
et al., 2020). It is urgent to increase patients’ survival rates 
worldwide and improve patients’ prognosis. However, 
responding studies about how to improve patients’ survival 
rates are still limit. Therefore, early detection and diagnosis 
are the key factor to improve patient survival rate. To better 
treat the patients with lung cancer patients, good early lung 
cancer diagnostic biomarkers play an important role in 
increasing patients’ survival rates worldwide and improving 
patients’ prognosis. However, since the biomarkers for 
early lung cancer in clinical practice have low sensitivity 
and specificity, it is urgent to find high sensitivity and 
specificity biomarkers for early lung cancer. Therefore, this 
study about the role of EphA2 and PRMT1 in NSCLCP is 
conducted to clarify the relationship between EphA2 level, 
PRMT1 level and NSCLCP.

Materials and methods
We conduct this retrospective observational study 

which totally enrolls 20 NSCLCP from our hospital 
during December 2021 to January 2023, and all these 
patients were set as experimental group. Twenty health 
participants during the same period were also included in 
this retrospective observation study and are set as control 
group. All patient used for this retrospective observation 
study were treated and were performed with standardized 
bronchoalveolar lavage. 

Inclusion criteria for all NSCLCP who signed an 
informed consent form for fiberoptic bronchoscopy 
examination; were diagnosed according to the histological 
classification of lung, pleura, thymus, and heart tumors 
issued by the Avasarala et al. (2015), including lung 
biopsy, tissue biopsy, and postoperative pathological 
confirmation of lung cancer, with pathological types of 
lung adenocarcinoma or squamous cell carcinoma, large 
cell lung cancer; no history of lung cancer surgery.

Exclusion criteria for all NSCLCP who were not 

diagnosed by histopathology evidence have been diagnosed 
with NSCLC but accompany with other diseases; have a 
history of radiation, chemotherapy, and biological targeted 
therapy; incomplete clinical data and have not signed the 
informed consent form.

Inclusion criteria for health participants were those not 
diagnosed as NSCLC and agreed to receive standardized 
bronchoalveolar lavage; had no surgical history and had 
signed the informed consent form, those who had no 
complete clinical data and did not sign the informed consent.

After patients were admitted to hospital, routine 
tests were conducted followed by a bronchoscopy, and 
clinical bronchoalveolar lavage fluid (BALF) samples are 
collected for further experiment analyses.

ELISA was used to measure the EphA2 and PRMT1 
levels in blood samples from NSCLCP and health 
participants. The blood samples were grinded and lysed 
using cell lysate, which was centrifuged at 4°C, 10,000 
rpm for 10 min, and the supernatant was collected for 
protein quantification and ELISA using the ELISA kit 
(WuHan AmyJet Scientific Inc., China).

For detection of BALF samples by RT-PCR Trizol 
reagent was incubated with BALF samples, and the 
centrifuged at 12000 RPM for 15 min at 4°C. Chloroform 
(200 μL) was added to precipitate total RNA. Equal 
volume of isopropanol was added, and the mixture was 
centrifuged at 12000 RPM for 15 min at 4°C. Supernatant 
was discarded 1 mL of 75% absolute ethanol was used to 
rinse the precipitate. The samples were centrifuged at 4°C, 
12000 RPM for 5 min. Twenty μL DEPC water was used 
to dissolve the RNA. qPCR system was utilized to conduct 
RT-PCR reaction of RNA according to the company’s 
recommendations using the following primers.
EphA2 F 5’ CCAAGTTCGCTGACATCGT 3’

R 5’ GCCATGAAGTGC TCCGTAT 3’
PRMT1 F 5’ AGCGAGTGGATGGGTTATTG 3’

R 5’ ATACAGGGTGGCTCGGTCT 3’

Western blotting was also used for detection of BALF 
samples. The BALF samples were lysed using 150-250 
μl/ 20 mg RIPA buffer containing 1% phosphotransferase 
inhibitor and 1% proteinase inhibitor, and then the mixture 
was centrifuged at 12,000g at 4°C for 15 min. Total 
proteins was collected and stored at -80°C. Proteins were 
quantified using BCA protein assay kit. Then 180μl BCA 
working solution was added to each well. The purification 
of proteins was performed using gel electrophoresis to 
transfer the protein on polyvinylidene difluoride (PVDF) 
membrane. The PVDF membrane was then incubated 
overnight with the primary antibody at 4 °C and then for 
two hours with secondary antibodies (1:1000) at room 
temperature, followed by washing three times/5 min each. 
Finally, the blots are observed in the imaging system using 
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enhanced chemiluminescence.
SPSS 20.0 statistical software was used for statistical 

analysis. The descriptive data were presented by n 
(%), and measurement data are expressed by mean ± 
standard deviation (x±s). Chi-square test is performed for 
evaluation of descriptive data and t test is used to compare 
the difference of measurements data between two groups. 
P<0.05 show the difference is significant.

Results
Clinical medical data for NSCLCP (experimental 

group) and health participants (control group) are 
presented in Table I. 

Table I. Demographic data of participants.

Variable Experimental group Control group
Number of participants 20 20
Gender, male (%) 8 (40%) 10(50%)
Age (year) 54.4±7.8 55.5±6.3
TNM staging
     Ⅰ 11(55%)* 0(0%)

     Ⅱ 5(25%)* 0(0%)

     Ⅲ, Ⅳ 4(20%)* 0(0%)
A Chi-square test is performed for evaluation of descriptive data and 
measurement data was compared using t test. *, compared to measurement 
data in control group, P<0.05.

Figure 1 shows the comparison of EphA2 level and 
PRMT1 levels between experimental group and control 
group as detemined by ELISA, EphA2 value in 
control group is 34.6±8.6 ng/L and the EphA2 value in 
experimental group is 45.4±9.2 ng/L, and the PRMT1 
value in control group is 6.5 ±2.6 ng/L and the PRMT1 
value in experimental group is 15.1±5.3 ng/L. The EphA2 
and PRMT1 values of experimental group compared to 
control group are significantly increased and the difference 
is statistically significant (P<0.05).

EphA2 and PRMT1 protein level are determined 
by western blotting and presented in Figure 1C, D. 
Those outcomes by western blotting suggested that the 
experimental group had high expression of EphA2 protein 
and PRMT1 protein compared to control group.

Figure 1E, F show the EphA2 and PRMT1 mRNA 
level are determined by RT-PCR, suggest that the 
experimental group showed high expression of EphA2 
mRNA and PRMT1 mRNA compared to the control group.

Our results show that number of patients with I, II, 
III, IV staging in experimental groups is significantly 
higher than those in control group. Compared to control 
EphA2 and PRMT1 protein levels in blood samples and 
in experimental group is clearly increased. In addition, 
EphA2 and PRMT1 mRNA relative level as determined 
by RT-PCR are up-regulated in experimental groups. All 

these outcomes suggest that EphA2 and PRMT1 have 
associated with the development of NSCLC by controlling 
the cell physiological functions. 

Fig. 1. The relative levels of EphA2 and PRMT1 of blood 
samples (A, B) and BALF samples (C, D, E, F, G) of 
control and experimental group as determined by ELISA 
(A, B), Western blotting (C, D) and RT-PCR (F, F). The 
values are presented as means ± standard deviation. The 
data of two groups were compared using t test. *P<0.05 
represented statistically significant.

EphA2, as receptor tyrosine kinase, play an important 
role in patients with cancer by controlling cell biological 
processes. but studies relating to EphA2 in NSCLC remain 
short. A trial by Lee et al. (2017) point out that EphA2 is 
a new biomarker which is expressed in NSCLC rat model, 
and down-regulation of EphA2 can attenuate NSCLC 
development. These results in this study show that EphA2 
is a biomarker in the diagnosis of NSCLC. However, the 
clinical information described in this study remain limited. 
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To further clarify the relationship between EphA2 and 
NSCLC, a vitro study by Gong et al. (2022) investigate 
the role of EphA2 in radiosensitivity of all NSCLC, and 
these results in this vitro study suggest that EphA2 down-
regulation can enhance radiosensitivity of NSCLC, we 
can see that EphA2 can be considered as a diagnostic 
biomarker for NSCLC. The relationship between EphA2 
expression and NSCLC is investigated in our study, these 
results in present trial suggest that over-expression EphA2 
can promote the development of NSCLC. Our findings 
have been reported in related fields and it provides a 
probable method of diagnosis for early NSCLC. 

PRMT1, also participates in development process 
of multiple cancers. Some studies have also reported the 
relationship between PRMT1 expression and NSCLC 
cells. In vitro trial by Avasarala et al. (2015), who report 
that PRMT1 is a new biomarker in NSCLC, and over-
expression of PRMT1 can calculate NSCLC progression 
and metastasis by controlling epithelial-mesenchymal 
transition. However, the clinical relationship between 
PRMT1 expression and NSCLC remains unclear. 
Therefore, we also conduct a clinical study to compare 
relationship between PRMT1 expression and NSCLC, and 
our results show that up-regulated of PRMT1 can promote 
the development of NSCLC. Our results are consistent 
with those reported by Avasarala et al. (2015). These 
results in present trial provide research data of diagnosis 
for NSCLC. However, there are some limitations in 
our study. The small sample is main limitation and it is 
difficult to draw definitive conclusions from present study. 
Therefore, further big sample study is needed to conduct 
in next study. 

Conclusion
The up-regulated EphA2 and PRMT1 expression can 

promote the development of NSCLC.
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