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Abstract: This study analyzes Kirsten rat sarcoma viral oncogene (KRAS) expression heterogeneity, and biological and 
clinical relevance in stomach adenocarcinoma (STAD). The study utilized various tools including UALCAN, GEPIA2, 
Kaplan-Meier (KM) plotter, cBioPortal, STRING, DAVID, and TIMER 2.0 to conduct this analysis.  The results illustrated 
overexpression of KRAS in STAD and the analysis based on various clinicopathological parameters also verified 
overexpression of KRAS in STAD. Eventually, this overexpression was linked to poor overall survival (OS) of STAD 
patients. These results suggested the role of KRAS is involved in the development and progression of STAD. The study 
also assessed several significant correlations of KRAS expression with promoter methylation tumor purity and immune 
cell infiltration. Genetic alteration of KRAS revealed to have a strong role in STAD initiation. Gene enrichment analysis 
highlighted the enrichment of KRAS with various pathways.  In conclusion, the findings illustrated the potential of KRAS 
as a diagnostic, prognostic, and therapeutic biomarker in STAD.

Keywords: KRAS; STAD; Biomarker; Prognosis; Expression variations

 Online publication: September 6, 2024

1. Introduction
Cancer is a major devastating disease, leading to millions of deaths annually worldwide. There are above 100 
subtypes of cancer based on biological pathways [1–2]. Stomach cancer is the fifth most widespread cancer with 
968,350 cases and 659,853 deaths worldwide in 2021 [3]. Adenocarcinoma accounts for roughly more than 90% 
of all stomach cancer cases. Stomach cancer adenocarcinoma (STAD) has two types which are histologically 
categorized as diffuse and intestinal, which show variance in epidemiological traits [4–5]. Smoking, alcohol 
consumption, ethnicity, genetic factors, increasing age, and Helicobacter pylori infection are major risk factors 
for STAD [6–9]. The incidence of STAD varies geographically in the world, with over 50% of cases reported in 
developing countries. In 2020, the highest number of STAD cases were registered in Asia, and the least were 
registered in Africa. The incidence rate of STAD is increasing in adults, and males have two times higher risk of 
developing STAD than females. Surgery, chemotherapy, chemoradiation, and adjuvant therapy are treatments used 
in STAD. The 5-year survival rate is less than 20% in Asia and varies from 10% to 30% in Europe [10–16]. STAD 
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diagnosed at higher stages has limited treatment options available, which results in a high mortality rate for STAD. 
Therefore, it is crucial to evaluate potential diagnostic, therapeutic, and prognostic biomarkers for STAD.

Kirsten rat sarcoma viral oncogene (KRAS) is a member of the RAS family that codes Kirsten rat sarcoma 
viral oncogene homolog (KRAS) protein. KRAS has a role in various cellular signaling pathways such as 
the mitogen-activated protein kinase (MAPK) pathway and regulation of cell proliferation. KRAS is highly 
interactive to GTP because it lacks small molecular binding sites and this results in activation of KRAS. Cell 
proliferation, cell differentiation, apoptosis, and cellular migration are affected by KRAS, as it initiates the 
release of signaling molecules facilitating the relay of signals from the cell surface to the nucleus [17–21].  KRAS 
has a high mutation rate in cancer and mutations are mainly present in, lung adenocarcinoma, colorectal 
cancer, pancreatic ductal adenocarcinoma, pancreatic cancer, and urogenital cancer [22–23].  KRAS expression 
is associated with poor prognosis in colorectal cancer and lung cancer [24–25]. Moreover, KRAS mutations are 
associated with pancreatic cancer, lung cancer, colorectal cancer, and stomach cancer [26–28]. All these data 
underscore the potential of KRAS as a therapeutic, prognostic, and diagnostic biomarker in many cancers. 

This study aimed to conduct a comprehensive analysis of the KRAS gene as a potential biomarker in 
STAD, as no such analysis has been performed. The study employed different bioinformatics tools to analyze 
expression, methylation level, mutation, gene enrichment pattern, and prognostic links of KRAS in STAD. 

2. Material and method
2.1. UALCAN
UALCAN is a web-based resource utilized for comprehensive cancer OMICS data analysis [29]. The study 
employed the UALCAN database to analyze KRAS expression in STAD samples. The study investigated 
promoter methylation OF KRAS and its correlation with expression using the TCGA module of UALCAN. The 
analysis was based on sample type as well as on different pathological parameters.

2.2. Kaplan-Meier Plotter
Kaplan-Meier (KM) Plotter is an online tool to evaluate the overall survival (OS) of cancer patients based on 
gene expression [30]. The impact of 54,675 genes on the overall survival of 21 cancers can be evaluated using a 
KM plotter. The study evaluated the impact of KRAS on the OS of STAD employing a KM plotter. P value < 0.05 
is considered significant and the hazard ratio was calculated.

2.3. GEPIA2
Gene expression profiling interactive analysis 2 (GEPIA2) is an online tool that can evaluate gene expression 
in 84 subtypes of cancer based on GTEx and TCGA databases [31]. GEPIA2 is used to validate the KRAS 
expression in STAD based on sample types and pathological stages. The prognostic value of KMAS in STAD 
was also evaluated using GEPIA2.

2.4. cBioPortal
cBioPortal is a public cancer genomic tool intended for interactive investigation of multi-omic cancer 
datasets [32]. The study employed cBioPortal to evaluate KRAS genetic variation in STAD. The examined 
information included alteration prevalence, mutation categorization, and copy number variations (CNAs).

2.5. Protein-protein interaction (PPI)
The Search Tool for the Retrieval of Interacting Genes (STRING) is a database that is used for proteomics 
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analysis [33]. The study employed the STRING database to construct the PPI network of KRAS to observe 
functional relationships. A P value < 0.05 is considered statistically significant. 

2.6. Gene enrichment analysis
The Database for Annotation, Visualization, and Integrated Discovery (DAVID) is a web-based comprehensive 
tool used to elucidate biological functions [34]. The study performed gene ontology (GO) and Kyoto 
Encyclopedia of Gene and Genomes (KEGG) pathway enrichment analysis of KRAS utilizing the DAVID tool. 

2.7. KRAS expression, tumor purity, and immune cell infiltration 
The association of gene expression, tumor purity, and immune cell infiltration is analyzed utilizing an online 
resource TIMER 2.0  [35]. In the current study, the association between KRAS expression, tumor purity, and CD8+ 
T immune cells is analyzed in STAD using TIMER 2.0. A P value < 0.05 is considered statistically significant.

3. Results
3.1. KRAS expression in STAD and normal samples
The study utilized the UALCAN database to analyze the KRAS expression in STAD and normal samples. The 
analysis demonstrated that KRAS expression was significantly higher in STAD samples in contrast with normal 
samples (Figure 1).  The observed P value 1.09079967280934E-10 is less than 0.05 which indicates there is a 
significant difference. This higher expression suggests the role of KRAS in the progression of STAD. 

Figure 1: Expression analysis of KRAS in STAD samples and normal samples using UALCAN

3.2. Expression analysis of KRAS in STAD categorized according to various attributes
Simultaneously, the study conducted an analysis of KRAS expression in STAD categorized according to various 
attributes such as patient’s gender, age, race, and pathological stages. First, the study examined expression based 
on pathological stages and observed that KRAS was statistically up-regulated (P value < 0.05) in cancer stages 
in contrast with the normal sample (Figure 2A). Afterward, analysis based on gender revealed that KRAS 
expression was significantly up-regulated (P value < 0.05) in STAD samples as compared to normal samples 
(Figure 2B).  Next, up-regulated expression of KRAS was assessed in STAD patient samples of various 
races (Figure 2C).  Furthermore, investigation based on STAD patients’ age group revealed up-regulation but 
variation in KRAS expression (Figure 2D). KRAS was highly expressed in STAD patient samples of the age 
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group of 21–40 as compared to the age group of 81–100.

Figure 2. Analysis of KRAS expression in STAD categorized according to various attributes using UALCAN. (A) 
Analysis of KRAS expression in STAD categorized according to pathological stages. (B) Analysis of KRAS expression in 
STAD categorized according to the patient’s gender. (C) Analysis of KRAS expression in STAD categorized according to 
the patient’s race. (D) Analysis of KRAS expression in STAD categorized according to the patient’s age.

3.3. Promoter methylation level of KRAS in STAD and normal
According to prior research, there is an inverse association between expression and promoter methylation. 
Based on this, the study examined the promoter methylation level of KRAS in STAD using UALCAN [36]. The 
result highlighted that KRAS was significantly hypomethylated (P value < 0.05) in STAD samples as compared 
to normal samples (Figure 3). This hypomethylation validates the up-regulation of KRAS expression in STAD 
and reveals that methylation regulates KRAS expression. This investigation indicates the role of KRAS in the 
progression of STAD.  

3.4. Promoter methylation level of KRAS in STAD categorized according to various 
variables
The analysis of KKRA promoter methylation level in STAD samples was assessed and categorized according to 
various variables such as patient’s age, race, gender, and cancer stages. Assessment based on STAD individual 
cancer stages revealed that KRAS is significantly (P value < 0.05) hypomethylated in these stages as compared 
to normal samples (Figure 4A). Next, investigation based on gender indicated variation but hypomethylation 
of KRAS methylation level in STAD. KRAS was highly hypomethylated in STAD male samples in contrast 
with female samples and vice versa (Figure 4B). Furthermore, the analysis revealed that KRAS is significantly 
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hypomethylated (P value < 0.05) in STAD patient samples of different races (Figure 4C). Moreover, analysis 
of KRAS methylation levels in STAD based on patient’s age demonstrated variation. KRAS was significantly 
hypermethylated (P value < 0.05) in samples of age group 21–80 and significantly hypomethylated in samples 
of the remaining age group (Figure 4D). This complexity suggests various factors influence the methylation 
level of KRAS in STAD patient’s age samples.

Figure 3. Investigation of the promoter methylation level of the KRAS gene in STAD using the UALCAN database

Figure 4. Analysis of KRAS promoter methylation level in STAD categorized according to various attributes using 
UALCAN. (A) Analysis of KRAS promoter methylation level in STAD categorized according to pathological stages. (B) 
Analysis of KRAS promoter methylation level in STAD categorized according to patient’s gender. (C) Analysis of KRAS 
promoter methylation level in STAD categorized according to patient’s race. (D) Analysis of KRAS promoter methylation 
level in STAD categorized according to patient’s age.  
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3.5. Prognostic value of KRAS in STAD
The study utilized the KM plotter to examine the impact of KRAS expression on the overall survival (OS) of 
STAD patients. The investigation indicated that STAD patients with overexpressed KRAS have a low survival 
rate while patients with lower expressed KRAS have a better survival rate (Figure 5).  The logrank P = 0.032 
demonstrates that there is a significant difference and patients with higher KRAS expression have 30% less 
survival rate hazard ratio HR = 0.7 (0.5–0.97) indicates. Altogether, the results highlight the role of KRAS in 
the development and proliferation of STAD. 

Figure 5. Analysis of the prognostic rate of KRAS in STAD using KM plotter

3.6. Expression and survival analysis using GEPIA2 
Simultaneously, GEPIA2 was used to conduct the expression and survival analysis of KRAS in STAD to 
validate the previous findings. The investigation of KRAS’s impact on OS of STAD patients using GEPIA2 
demonstrated that there is no significant difference in the prognostic rate of patients with low and high 
expression (Figure 6). The logrank P = 0.9 and HR = 1 suggested no difference. 

Figure 6. Survival analysis of KRAS in STAD using GEPIA2

The study evaluated the expression of KRAS in STAD in contrast with normal samples using the box plot 
module of GEPIA2. The study assessed that KRAS was highly expressed in STAD samples compared to normal 
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samples, but the difference was not significant (Figure 7A). Furthermore, the study utilized a stage plot module 
of GEPIA2 to analyze KRAS expression in STAD pathological stages. The investigation explains that the shape 
and width of the violin plot are similar, indicating that KRAS expression is equally distributed across these 
stages (Figure 7B). The difference between the KRAS expression is not significant as the P value = 0.283.

Figure 7. (A) expression analysis of KRAS in STAD using GEPIA2. (B) Expression analysis of KRAS in STAD based on 
pathological stage using GEPIA2. 

3.7. Gene enrichment analysis
The study performed gene enrichment analysis to understand the biological function of KRAS. The study 
primarily constructed a PPI network using STRING software and assessed 10 strongly associated proteins 
with KRAS. This explains the diverse association of the KRAS gene and explains its complexity in biological 
processes (Figure 8). Subsequently, employing DAVID software,  the study conducted GO and KEGG analysis, 
evaluating the first four terms for biological process (BP), cellular component (CC), molecular function (MF), 
and KEGG pathways (Table 1).

In GO analysis, the study observed pathways associated with BP, CC, and MF are Ras protein signal 
transduction, epidermal growth factor receptor signaling pathway, insulin-like growth factor receptor signaling 
pathway, insulin receptor signaling pathway, cytoplasm, myosin II complex, plasma membrane, cytosol, 
enzyme regulator activity, calcium ion binding, MAP kinase kinase kinase activity, and protein serine kinase 
activity. In KEGG analysis, the identified processes are Glioma, neurotrophin signaling pathway, insulin 
signaling pathway, and Rap1 signaling pathway.

Figure 8. PPI construction of KRAS gene using STRING database
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Table 1. GO and KEGG analysis on biological process (BP), cellular component (CC), molecular 
function (MF), and KEGG pathways

Gene term Count Gene P value

BP

GO:0007265~Ras protein signal transduction 5 BRAF, KRAS, RAF1, SOS1, RALGDS 4.7867092655479335E-8

GO:0007173~epidermal growth factor receptor 
signaling pathway 4 PIK3CA, BRAF, KRAS, SOS1 1.8957134610072728E-6

GO:0048009~insulin-like growth factor 
receptor signaling pathway 3 PIK3CA, RAF1, SOS1 9.105920236010638E-5

GO:0008286~insulin receptor signaling 
pathway 3 PIK3CA, RAF1, SOS1 4.5202316281570294E-4

CC

GO:0005737~cytoplasm 8 PIK3CA, CALML6, BRAF, KRAS, CALM3, 
CALML3, RAF1, SOS1

0.002495574955179402

GO:0016460~myosin II complex 2 CALML6, CALM3 0.014132528548431004

GO:0005886~plasma membrane 7 PIK3CA, BRAF, KRAS, CALM3, RAF1, 
SOS1, RALGDS 0.014211972791745705

GO:0005829~cytosol 7 PIK3CA, BRAF, KRAS, CALM3, RAF1, 
SOS1, RALGDS 0.014969131029062653

MF

GO:0030234~enzyme regulator activity 4 CALML5, CALML6, CALM3, CALML3 2.5450179866138044E-7

GO:0005509~calcium ion binding 5 CALML5, CALML6, BRAF, CALM3, 
CALML3 2.3862462406048352E-4

GO:0004709~MAP kinase kinase kinase 
activity 2 BRAF, RAF1 0.009750233042020853

GO:0106310~protein serine kinase activity 3 PIK3CA, BRAF, RAF1 0.011817435270777117

KEGG

hsa05214:Glioma 9 PIK3CA, CALML5, CALML6, BRAF, 
KRAS, CALM3, CALML3, RAF1, SOS1 1.8264638958926261E-16

hsa04722:Neurotrophin signaling pathway 9 PIK3CA, CALML5, CALML6, BRAF, 
KRAS, CALM3, CALML3, RAF1, SOS1 8.098283893995263E-15

hsa04910:Insulin signaling pathway 9 PIK3CA, CALML5, CALML6, BRAF, 
KRAS, CALM3, CALML3, RAF1, SOS1 2.551728046806132E-14

hsa04015:Rap1 signaling pathway 9 PIK3CA, CALML5, CALML6, BRAF, 
KRAS, CALM3, CALML3, RAF1, RALGDS 8.46507455081279E-13

3.8. Infiltration level of CD8+ T and tumor purity analysis of KRAS
It was proposed that variation in KRAS expression may have an association with infiltration level of CD8+ 
T and tumor purity, as KRAS regulates various pathways like the epidermal growth factor receptor signaling 
pathway and insulin signaling pathway. Therefore, the study assessed the correlation among infiltration level of 
CD8+ T, tumor purity, and KRAS expression within STAD using TIMER 2.0.  In the left plot, the investigation 
of tumor purity demonstrated a weak negative correlation (Rho = 0.035, P = 0.493). This reveals that tumor 
purity and KRAS expression have no significant correlation. However, in the right plot, the assessment of 
CD8+ T highlighted a weak positive correlation as calculated values were Rho = 0.117 and P = 0.00223. This 
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reveals a significant correlation between up-regulated KRAS expression and the infiltration level of CD8+ T 
(Figure 9). These findings illustrated the potential role of KRAS expression in immune cell infiltrations.

Figure 9. Analysis of correlation of infiltration level of CD8+ T and tumor purity between KRAS expression in STAD 
using TIMER 2.0

3.9. Genetic alteration of KRAS in STAD
In the study, the assessment of genetic alteration of KRAS in STAD was evaluated using cBioPortal. The 
analysis revealed that in 16% of genetic mutations of the KRAS gene in STAD, amplification, missense 
mutation (unknown significance), and missense mutation (putative driver) are observed mutations (Figure 10). 
This suggested that KRAS genetic mutation has a role in the progression and development of STAD. 

Figure 10. Genetic mutation of KRAS gene in STAD employing cBioPortal

4. Discussion
Cancer is a major threat with millions of mortalities worldwide [37]. Over 90% of stomach cancers are 
adenocarcinoma and account for thousands of deaths worldwide. It is the cancer with the fifth highest mortality 
worldwide. STAD is diagnosed at later stages and limited treatments are available. Therefore, the five-year 
survival rate is just 10%–30% [38–39]. Thus, there is an urgent need to identify useful diagnostic, therapeutic, 
and prognostic biomarkers of STAD. KRAS is an oncogene and encodes GTPase transductor protein.  KRAS 
protein can become inactive and vice versa and has a role in cell division [40–41]. KRAS is a highly mutated gene 
in cancers and is linked with many cancers including pancreatic ductal adenocarcinoma (PDAC), colorectal 
cancer (CRC), and non-small-cell lung cancer (NSCLC).

The current study started an investigation to evaluate the role of KRAS as a potential biomarker in STAD. 
The analysis illustrated the up-regulation of KRAS expression in STAD and revealed that the overexpression 
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is significant (P value = 0.05). Overexpression of KRAS was also determined to be associated with poor 
OS of STAD patients. Collectively, these findings suggested the role of KRAS in the development and 
progression of STAD. Furthermore, the study examined the expression of KRAS in STAD based on different 
clinicopathological parameters and overexpression was evaluated. 

Furthermore, the study performed an analysis of promoter methylation and genetic alteration as these 
factors have an impact on the expression of KRAS. The analysis of KRAS promoter methylation using 
UALCAN revealed a negative correlation with KRAS overexpression, as KRAS was hypomethylated in STAD. 
Moreover, 16% of KRAS genetic alteration was assessed in STAD by using cBioPortal. This suggested that 
mutation strongly regulates KRAS expression and has a role in the progression of STAD. Altogether these 
results suggested that promoter hypomethylation and genetic alteration have a strong role in the overexpression 
of KRAS in STAD. The study utilized GEPIA2 to analyze KRAS expression in STAD and analyzed that KRAS 
was overexpressed. This analysis validates that overexpression of KRAS leads to progression of STAD. In 
recent years, several studies have identified STAD-related biomarkers such as MAGEA11, FASTKD1, IRF7, 
CHAC1, NOX4, and HIF1A [42–44]. However, to our knowledge, up until now neither these nor other biomarkers 
have been applied to STAD patients with diverse clinicopathological profiles. This study analyzed significant 
(P value = 0.05) overexpression of KRAS in STAD based on different clinicopathological variables such as 
patient’s age, gender, race, and individual cancer stages. Moreover, KRAS promoter methylation, progression 
value, and genetic alteration also validate its usefulness as a potential diagnostic, therapeutic, and prognostic 
biomarker.

Furthermore, the analysis of KRAS’s relation with the infiltration level of CD8+ T and tumor purity 
revealed a significant (P value < 0.05) positive correlation with the infiltration level of CD8+ T and a weak 
negative correlation with tumor purity. These findings highlight the tumor microenvironment of STAD. 
Moreover, the PPI network illustrated the association of KRAS with 10 other different genes and this explains 
the diversity of the KRAS gene. Next, enrichment analysis revealed the linked pathways of KRAS and 
associated genes. Ras protein signal transduction, epidermal growth factor receptor signaling pathway and 
enzyme regulator activity are some associated pathways. In KEGG analysis, the identified processes are 
glioma, neurotrophin signaling pathway, insulin signaling pathway, and Rap1 signaling pathway. Some of 
these pathways such as Ras protein signal transduction, epidermal growth factor receptor signaling pathway, 
and Rap1 signaling pathway have been associated with various biological functions including cell cycle, cell 
proliferation, survival, and immunity [45–47]. Dysregulation of these processes is one of the main reasons for 
cancer progression. Thus, these results highlight the role of KRAS in STAD progression. 

5. Conclusion
The present study comprehensively analyzed KRAS expression and the association of expression with different 
variables in STAD utilizing various bioinformatics tools. The advantages of this in silico study include wide-
ranging study samples, cost efficiency, and expansion abilities for comprehensive functional and genomic 
analysis. The findings highlighted the potential of KRAS as a prognostic, diagnostic, and therapeutic biomarker 
of STAD. However, further testing is needed before it can be used in clinical practice.
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