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Abstract   

 In this study we focus on the expression, promoter methylation, mutation analysis and overall 

survival of MAPK1 gene in lung adenocarcinoma (LUAD) patients with the help of bioinformatics 

tools. Firstly the expression pattern of MAPK1 was analyzed in patient sample and compare with 

control group. The consequences showed that gene of interest are crucially down regulated in LUAD 

patient as compare to control group. Then to verify the result the expression of targeted gene was 

analyzed on the basis of other pathological attributes for example stages of life, sex, ethnicity and 

phases of cancer. Remarkable deviation of MAPK1 gene expression was detected in LAUD sample 

versus normal samples which emphasizes the pathological importance of gene expression in LUAD 

patients. When we analyzed the promoter methylation of MAPK1 gene in LUAD patients versus 

normal group a slight hypo methylation was found that shows the epigenetic regulation of target gene. 

Subsequently KM plotter tool was used to analyze the overall survival (OS) rate of patient with the 
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expression of MAPK1 gene in LUAD sample in contrast to normal samples and found that overall 

good survival with low expression of the target gene. Mutation analysis of MAPK1 gene in LUAD 

sample by cBioPortal disclose that little genetic variation cause little dis-functioning of the gene. 

MAPK1 gene analysis point up the urgency of target gene as therapeutic and prognostic indicator in 

treatment of LUAD patients. 

 

Key words: MAPK1: Cancer: Biomarker: Prognosis: UALCAN: TCGMA: KM plotter: cBioPortal: 

LUAD: EGFR 

 

Introduction 

A collection of disorders known as cancers are characterized by aberrant cell proliferation that has 

the capacity to infiltrate or spread to other bodily regions[1, 2]. After heart disease, cancer ranks as 

the second most common cause of death worldwide. Globally, cancer took the lives of one in six 

people [3-6].Twenty million new cases of cancer were expected to be reported worldwide in 2022[7]. 

In comparison, benign tumors do not metastasize. Signs and symptoms that may be present include 

the following: a lump, unusual bleeding, protracted cough, unexplained weight loss, and altered bowel 

movements. Although cancer may be the cause of these symptoms; there are other possible 

explanations as well [2, 8]. More than 100 different forms of cancer afflict people[2]. 

The most prevalent kind of lung cancer is adenocarcinoma, and like other types, it is identified by 

unique cellular and molecular characteristics [9].To differentiate it from small cell lung cancer, which 

exhibits a distinct behavior and prognosis, it is categorized as one of numerous non-small cell lung 

cancers (NSCLC). Additional classifications for lung cancer include subtypes and variations [10]. 

The most frequent complaints from patients are dyspnea and a chronic cough. Adenocarcinoma is the 

most frequent type of lung cancer in Asian and younger women populations, and it is more common 

in people with a history of cigarette smoking [11].With a 5-year survival rate of only 10-15%, lung 

cancer is the second most frequent type of cancer and the primary cause of cancer-related fatalities 

[12]. The brain is the most common location for metastases in lung cancer patients, proceeds by the 

liver, adrenal glands, and bones. Rarely does it affect the ovary [13]. According to earlier reports, the 

majority of lung cancer metastases to the ovaries were caused by small cell carcinoma. It is 

uncommon for lung adenocarcinoma(LUAD) to spread to the ovary, and its frequency is unknown 

[14].  

The protein kinase made up of serine-threonine kinases is called mitogen-activated protein kinase, or 

MAPK. In the course of biological evolution, it has undergone excessive conservation. It can 

independently transduce extracellular signals into cells to control the expression of related genes and 

participate in the physiological processes of cell division, invasion, metastasis, and proliferation 

without the aid of the second messenger signal transduction system. Many MAPK pathway enzymes 

have been shown to express abnormally in female reproductive tract malignancies, breast cancer, 

ovarian cancer, and cervical cancer, according to earlier studies[15, 16].  

 

Additionally, a lot of chemotherapeutic medications have been used extensively in clinical practice 

through this channel. The majority of researchers thought that the MAPK signaling pathway was the 

malignancies' therapeutic focus. Studies mostly examined the growth and death of tumor cell [17]. 

However, the invasion and metastasis of tumor cells have not been thoroughly studied. The MAPK 

pathway's subfamily, MAPK1, is over expressed in follicular lymphoma [18]. Some studies also 

discovered that the activation of MAPK1 signaling pathway might considerably accelerate the 

formation of epithelial-mesenchymal transition (EMT) in cervical cancer cells [19]. The low 

expression of MAPK1 in the glioblastoma multiforme was found. It suggests that MAPK1 has the 

diverse activities in the different tumor tissues, which can promote and also block the cancer gene, 

merely fulfilling the role of promotion in the cervical cancer[20].Mechanistically unique network 

alleles, frequently in conjunction with weak oncogenes in the MAPK pathway, cause EGFR network 

oncogenesis [21]. The RNA immune precipitation (RIP) assay and the luciferase reporter gene assay 
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were used. The expression of miR-490-3p, hsa_circ_101237, and MAPK1 in tissues and cells was 

found using qRT-PCR. In both NSCLC tissues and cell lines, the study discovered that 

Hsa_circRNA_101237 expression was elevated [22]. 

Thus, the data suggests that MAPK1 is involved in LUAD. In this work, we examined the role of 

MAPK1 in LUAD using a variety of bioinformatics techniques. To assess MAPK1 expression in 

LUAD patients, the Cancer Genome Atlas (TCGA), Kaplan-Meier (KM) Plotter, cBioPortal, and 

UALCAN platform were used. 

 

Material and Methods 

Expression analysis of MAPK1 in LUAD 

A popular database for cancer analysis is UALCAN [23, 24]. The UALCAN database and TCGA 

platform data sorting tools were utilized to compare MAPK1 expression in the normal and LUAD 

samples. UALCAN is widely available and especially beneficial for cancer analysis [25]. We also 

used the UALCAN database. 

 

Survival analysis of MAPK1 in LUAD 

The Kaplan Meier (KM) plotter is a popular tool for survival study analysis[26]. The primary growth 

pattern-based architectural classification showed a strong relationship with both overall survival (OS) 

and disease-free survival[27].Using a KM plotter, we evaluated the LUAD deregulation and its effect 

on the overall survival (OS) of LUAD patients. A user-friendly application called KM Plotter is 

utilized to research the prognostic significance of gene expression. This platform is frequently used 

to calculate the effect of a particular gene on the overall survival of LUAD patients. 

 

Mutational analysis of MAPK1 gene 

When conducting genetic studies on cancer, cBioPortal is a helpful and useful database.[28]. We were 

able to determine the functional significance of these pathways and checkpoints in relation to cancer 

due to this investigation[29].It makes it possible to research clinical pathways, genetic variations, and 

references in a variety of tumor forms. Using this database, we performed a mutational analysis of 

the MAPK1 gene in LUAD samples. 

 

Promoter methylation analysis of MAPK1 in LUAD patients 

We examined the methylation status of the MAPK1 promoter in LUAD by means of the UALCAN 

database. The UALCAN database is extensively utilized to assess and collect data regarding 

gene expression, promoter methylation of DNA, infection with viruses, and clinical features of the 

31 distinct types of cancer patients.[30-32]. The information about the promotor methylation level of 

LUAD in relation to the individual's age, sex, race, and stage of cancer was also processed.  

 

Results 

MAPK1 expression analysis versus control sample: 

Initially, we compared the expression of MAPK1 in LUAD patients to a control group. We found 

variations in MAPK1 expression between the tumor and control samples.  

According to the UALCAN database, Figure 1 demonstrates that the MAPK1 gene expression is 

significantly downregulated in LUAD individuals, with a P-value < 0.05. The majority of people 

understand P < 0.05 to indicate that there is a fewer than 5% chance that the result was the result of 

chance and a greater than 95% chance that the result was accurate[33]. Consequently, it was 

established that MAPK1 had a part in the development of LUAD disease. 
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Figure 1: Shows that MAPK1 expression is down regulated in LUAD patients as compare to 

normal sample 

 

On the basis of different parameters MAPK1 gene expression analysis in LUAD sample: 

The target gene expression was analyzed in LUAD sample according to several parameters, such as 

the patient's gender, age, ethnic background, and tumor phase. First, we looked at the patient sample's 

MAPK1 expression based on different cancer stages. We looked at significant differences in MAPK1 

expression at different phases of LUAD, as figure 2A illustrates. The degree of malignancy-related 

downregulation of MAPK1 decreases with increasing stage. 

 In the second graph, we look at MAPK1 expression in LUAD patients based on race. We examined 

the disparities in MAPK1 expression in the normal sample with the LUAD sample of various ethnic 

groups, as shown in figure 2C. Caucasians and African-American populations show more down 

regulation than Asian ones do.  

In the third number, we compare the gender-based MAPK1 expression in the LUAD sample to the 

normal sample. In comparison to normal samples, Figure 2B shows that MAPK1 gene expression is 

significantly down regulated across male and female individuals with LUAD. Men experience a 

greater degree of down-regulation than do women. 

Ultimately, we examined the levels of expression of the MAPK1 gene in patients with LUAD at 

various stages of life in comparison to normal individuals, and we observed significant variations in 

the MAPK1 gene expression samples between the two groups. As patients' ages increased, we saw a 

decrease in the degree of down regulation, as Figure 2D shows. 

Thus, these studies revealed the importance of the MAPK1 gene in patients with LUAD. 
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Figure 2: MAPK1 gene expression on the basis of different parameters 

 

MAPK1 gene’s promoter methylation in LUAD samples versus normal Samples 

The UALCAN database was used to investigate methylation of the promoter of the MAPK1 gene in 

LUAD and control samples, as shown in figure 3. Previous research has shown the importance of 

promoter methylation on the expression of gene [34]. We found that the MAPK1 sample showed very 

less hypo-methylation compared to the untreated sample. Thus, in LUAD patients, there was variance 

in the expression of the MAPK1 gene, as indicated by this decreased promoter methylation. 

 

 
Figure 3: Promoter methylation profile of MAPK1 in LUAD patients versus normal samples 
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MAPK1 promoter methylation in LUAD sample based on different parameters: 

The promoter methylation of MAPK1 in LUAD patients were analyzed on the basis of the patient's 

age, gender, race, and specific cancer stage. Initially, we looked at MAPK1 promoter methylation at 

different LUAD stages and found variations. While stage 1 and stage 2 of the LUAD exhibit the same 

amount of methylation as the control sample, we found significant hypomethylation at stages 4 (figure 

4A). Next, we employed the race of the LUAD patients as a criterion to assess MAPK1 promotor 

methylation. We found that MAPK1 expression showed significantly low degree of hypomethylation 

in LUAD samples of African-American ethnicity compared to normal samples, and the Caucasian 

and Asian show high degree of hypomethylation as compare to the African-American group of 

patients shown in figure 4B. Next, we looked at the patient's gender-dependent MAPK1 promoter 

methylation levels in LUAD. We found that the MAPK1 showed hypomethylation as compare to 

control group, results also revealed that there was low degree hypo-methylation in the female as 

compare to male as shown in figure 4C. Next, we looked into the variation in MAPK1 promoter 

methylation levels in patient samples at different ages: patients aged 21–40, 41–60 and 61-80 years 

old showed hypo methylation, while patients aged 81–100 years old showed hyper methylation 

(figure 4D). So, our results imply that differences in MAPK1 expression could be caused by promotor 

methylation. 

 
Figure 4: Promoter methylation profile of MAPK1 in LUAD samples versus normal samples 

on the basis of different pathological characteristics. 

 

Survival analysis of MAPK1 in LUAD patients 

We used the KM plotter tool to assess patient OS in order to ascertain the clinical significance of the 

MAPK1 gene in LUAD. We discovered that MAPK1 expression affects LUAD patient survival, as 

shown in Figure 5. If MAPK1 is downregulated, the patient exhibits overall favorable survival. While 

sufferers who had decreased MAPK1 expression had a considerably greater OS with p value 0.23, 
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which is more than 0.05 and indicates that the results are not significant, patients who had elevated 

MAPK1 expression had a low OS. 

 
Figure 5: Overall Survival (OS) analysis of MAPK1 in LUAD samples 

 

MAPK1 mutational analysis in LUAD 

LUAD samples were subjected to MAPK1 mutational screening using the cBioPortal platform. We 

discovered a 1% mutation rate in MAPK1 in all LUAD samples. 

This gene was shown to have two probable drivers for missense mutations, four missense mutations 

(of unknown relevance), zero truncating mutations (of unknown significance), nine amplifications, 

and one deep deletion, as shown in Figure 6. 

Therefore, we investigated the possibility that a genetic mutation could affect MAPK1's function in 

LUAD in any way. 

 

 
Figure 6: MAPK1 gene mutations analysis in LUAD patients 

 

Discussion 

We examined the expression, promoter methylation, survival assessment, and mutational study of the 

MAPK1 gene, which is clinically significant in lung adenocarcinoma (LUAD). Based on these 

investigations, we have made a number of important discoveries, which we compare and contrast 

with previous studies to assess the quality of our findings. 
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We initially looked at MAPK1 expression in the LUAD and control samples using the UALCAN 

database. In LUAD samples, MAPK1 expression was found to be down-regulated as opposed to 

normal samples; the significance level for this finding was 3.760E-3 as shown in figure 1. These data 

clearly show how important it is for LUAD expression. As a result, various ideas to prognostically 

classify lung adenocarcinomas based on differentiation have been put forth. A pattern-based 

classification approach was put forth in 2011[10]. It was reported that at stage 1, 2 and 3 MAPK1 

gene expression was at equal rate but at stage 4 degree of down regulation is high. P value for stage 

1, 3 and 4 are statistically significance but for stage 2 was non-significance because p value is more 

than 0.05 as shown in figure 2A. Significant racial and ethnic inequalities in the cancer burden were 

reported in a series of ACS reports released in the late 1980s[35]. It seems that socioeconomic factors 

such as insufficient health insurance, limited education and poverty were significantly more 

significant than biological variations[36, 37]. We found that there was high degree of down regulation 

of MAPK1 in African-american and P value was statistically significant as compare to the Caucasian 

and Asian LUAD patients as shown in figure 2C. Concern and risk perceptions are key concepts in 

many of the theoretical frameworks that are applied to the creation of cancer screening programs. 

Few studies have looked at gender differences because the majority of malignancies for which we 

have early detection or prevention measures are gender specific[38].The MAPK1 gene expression 

was analyzed on the basis of gender and down regulation of target gene expression was found and 

there P value was statistically significant as shown in figure 2B. When we analyzed the target gene 

expression on the basis of age we noticed that degree of down regulation is minimum for age group 

81-100 years and there P value was not significant as shown in figure 2D. Age is one of the most 

researched risk factors for cancer and is measured by completed units of time. It is utilized in almost 

every investigation of cancer epidemiology. Since the probability of most malignancies rises with 

age, especially starting in midlife, cancer might be regarded as an age-related disease[39, 40]. 

We examined MAPK1 gene methylation in LUAD patients versus normal and discovered that there 

is hypo methylation of target gene and with non-significant P value which is 4.252E-01. One essential 

epigenetic modification that has a big impact on gene expression is promoter methylation[41, 

42].Then to verify the results we examined the MAPK1 gene promoter methylation on the basis of 

different parameters which are given here (figure 3). We examined the MAPK1 gene methylation on 

the basis of cancer stage and found that at stage 1, 2, 3 are equally hypo methylated and at stage 4 the 

degree of hypomethylation is high (figure 4A). Then examined the MAPK1 gene promoter 

methylation in LUAD patients and found that hypomethylation of target gene as compare to normal 

and degree of hypo methylation is greater in African-american race as compare to Asian and 

Caucasian race, with significant P value 3.63E-02 (figure 4B). Subsequently MAPK1 gene promoter 

methylation was studied across the gender and found that results are not significant because P value 

is less than 0.05 (figure 4C). At the end we studied the Promoter methylation of target gene across 

the different age groups and noticed that first three groups showed hypomethylation and fourth age 

group showed significantly hypermethylation as shown in figure 4D. 

As we conducted survival analysis, we also looked at the connection between the MAPK1 gene and 

overall survival (OS) in LUAD patients and found that overall good survival of the patient if the target 

gene is hypo regulated (figure 5). For mutational analysis, cBioPortal is also utilized. We found that 

less than 1% mutation rate was found in the MAPK1 gene in LUAD sample as shown in figure 6. We 

have determined the lifetime cancer risk linked to germline DNA mismatch repair gene mutations 

using based on populations approach, independent of a person's family history[43]. A Web-based tool 

for examining, displaying, and evaluating multimodal cancer genomics data is the cBioPortal for 

Cancer Genomics (http://cbioportal.org)[44]. Further research is necessary, although our results 

showed that genetic variations in LUAD patients had a minor effect on MAPK1 dysregulation. 

 

Conclusion 

In order to provide a thorough understanding of MAPK1 in patients with LUAD, our study focuses 

on promoter methylation status, expression models, predictive indicators, and mutation analysis. 
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These clarify how MAPK1 might work as a LUAD treatment and prognostic biomarker. Further study 

is needed to validate the data and set the stage for MAPK1's potential clinical applications in LUAD 

patients.  
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