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ABSTRACT: This study investigates similarities and gene interactions in 17 different cancer types using Kyoto 
University's KEGG cancer pathways. Using Python software and the Google Colab platform, gene similarities and 
interactions within cancer pathways were calculated through Jaccard similarity indices and interaction analyses. The 
results reveal important genes and pathways shared between cancer types, providing insights into common molecular 
mechanisms underlying cancer development and progression. These findings may contribute to the identification of 
potential therapeutic targets by understanding the biological processes shared between cancers. In comparisons 
between different cancer types, gene similarities ranged between 43% and 47% and pathway similarities ranged 
between 25% and 46%. These results reveal that while some cancer types are genetically similar, they show differences 
in biochemical processes. In the gene interaction study among 17 different cancer pathways, the highest interaction rates 
were observed in colorectal cancer between entries ‘43-40’ with ('activation'), in pancreatic cancer between entries ‘113-
6’ with ('activation'), and in hepatocellular carcinoma between entries ‘122-224’ with ('activation'), showing nearly 100% 
interaction. On the other hand, the lowest interaction rates were found in colorectal cancer between entries ‘39-135’ with 
('missing interaction') and in melanoma between entries ‘95-106’ with ('missing interaction'), showing 0% interaction. 
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1.  INTRODUCTION 

Colorectal cancer (CRC) is a prevalent malignancy, characterized by diverse genetic alterations that 
contribute to tumor development and progression [1]. The chromosomal instability (CIN) pathway, 
microsatellite instability (MSI), and CpG island methylator phenotype (CIMP) are main molecular 
mechanisms driving CRC. Mutations in APC, TP53, and KRAS are frequently observed in sporadic CRC, 
leading to deregulated cell proliferation and tumor formation [2]. Hereditary syndromes account for a 
significant proportion of CRC cases, primarily due to germline mutations in mismatch repair (MMR) genes 
such as MLH1 and MSH2, which elevate lifetime CRC risk to nearly 80% [1,2]. Recent advances in next-
generation sequencing have improved our understanding of the genetic landscape of CRC by identifying 
additional genetic predispositions, including mutations in POLE, POLD1 and MUTYH. This information is 
crucial for developing targeted therapeutic strategies and improving surveillance for at-risk populations [1-3]. 
These mutations are central to the processes of cell proliferation, apoptosis and DNA damage repair that are 
crucial for the development and progression of pancreatic tumours. For example, KRAS mutations are present 
in more than 90% of PDAC cases and play a critical role in oncogenic signalling pathways that promote 
uncontrolled cell growth [5].   In addition, TP53 mutations are involved in tumour progression by contributing 
to impaired cell cycle control and apoptosis [6]. 

Hepatocellular carcinoma (HCC) is the most common primary liver cancer and during its 
development is strongly influenced by genetic mutations and environmental factors such as chronic hepatitis 
B (HBV), hepatitis C (HCV) infections and cirrhosis [7]. Basic genetic alterations in HCC include mutations in 
TP53, CTNNB1, AXIN1 and TERT, which disrupt critical cellular processes like cell cycle regulation, apoptosis, 
and the Wnt/β-catenin signaling pathway [8]. TP53 and TERT mutations are particularly important as they 
drive the cancer development process by promoting genomic instability and uncontrolled cellular 
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proliferation  [7,8].  Gastric cancer is a somewhat complex malignancy process characterised by various genetic 
mutations and epigenetic modifications that contribute to its development and progression. Key mutated 
genes include TP53, CDH1, APC, and KRAS, which are involved in pathways regulating DNA repair, cell 
cycle, and apoptosis [9]. Mutations in TP53 are occurring in more than 50% of cases, contributing to genomic 
instability and tumor progression. Furthermore, dysregulation of signalling pathways such as Wnt/β-catenin 
and PI3K/AKT further promotes tumour formation [10]. Epigenetic alterations, including abnormal DNA 
methylation and miRNA deregulation, facilitate malignancy by playing an important role in silencing tumour 
suppressor genes [9,10]. Gliomas, especially glioblastomas, are aggressive brain tumours with significant 
genetic heterogeneity. Common mutations include alterations in PTEN.TP53, and IDH1. The IDH1 mutation 
found in low-grade gliomas is associated with a distinct metabolic phenotype and better prognosis. In contrast, 
glioblastomas frequently exhibit mutations in the EGFR gene and amplification of MDM2, both of which 
contribute to rapid tumour growth and resistance to therapy. The genetic profile of gliomas also reveals 
alterations in the p53 and PI3K/AKT pathways, both of which are critical for cell survival and proliferation 
[11]. 

Thyroid cancer is mainly caused by BRAF, RAS and RET/PTC mutations. The BRAF V600E mutation 
found in papillary thyroid carcinoma is the hallmark of this cancer and leads to constitutive activation of the 
MAPK signalling pathway, promoting uncontrolled cell division [12]. Alterations in the PI3K/AKT pathway 
are frequently seen in follicular thyroid cancers. Genetic mutations in TP53 are rare but are associated with 
more aggressive forms such as anaplastic thyroid carcinoma   [13]. Promoter hypermethylation and other 
alterations in tumour suppressor genes are also involved in thyroid carcinogenesis [12,13]. Acute myeloid 
leukaemia (AML) is a type of cancer characterised by a series of genetic mutations that affect haematopoietic 
stem cell differentiation. [14]. Key mutations include alterations in NPM1,FLT3, IDH1/2, and DNMT3A, 
which disrupt normal hematopoiesis [15]. Mutations in FLT3, especially  FLT3-ITD, are associated with a poor 
prognosis due to their role in activating cell survival pathways such as PI3K/AKT. In addition, NPM1 
mutations are often seen in patients with favourable outcomes. Epigenetic changes, especially in DNA 
methylation and histone modification, further contribute to disease progression by silencing genes critical for 
cell differentiation  [14,15]. Chronic myeloid leukaemia (CML) is mainly driven by the BCR-ABL1 fusion gene, 
which results from a translocation between chromosomes 9 and 22 [16,17].This fusion gene leads to 
constitutive activation of ABL1 tyrosine kinase, promoting uncontrolled cell proliferation and resistance to 
apoptosis [17]. However, resistance to TKIs can arise through mutations in the ABL1 kinase domain, 
amplification of the Philadelphia chromosome or alternative signalling pathways [18]. 

Basal cell carcinoma (BCC) is the most common type of skin cancer, largely caused by mutations in 
the Hedgehog (Hh) signalling pathway, especially alterations in the PTCH1 or SMO genes [19,20]. Mutations 
in PTCH1 abolish its inhibitory effect on SMO, leading to uncontrolled cellular proliferation [19]. Melanoma 
is primarily driven by mutations in the BRAF gene, particularly the BRAF V600E mutation, which leads to 
hyperactivation of the MAPK/ERK signaling pathway. BRAF inhibitors such as dabrafenib and vemurafenib 
have shown significant efficacy in the treatment of BRAF mutant melanoma. In addition, combination 
therapies with MEK inhibitors such as Trametinib have further improved outcomes by reducing resistance to 
BRAF inhibitors [21,22].  Renal cell carcinoma is largerly  associated with mutations in the VHL gene, which 
regulates hypoxia-inducible factors (HIFs)  [23]. Loss of VHL function leads to increased expression of HIF, 
driving angiogenesis and tumor growth. Targeted therapies such as mTOR inhibitors (e.g. everolimus) and 
VEGF inhibitors (e.g. pazopanib and sunitinib) are used to manage advanced RCC by inhibiting tumor 
angiogenesis and proliferation [24]. Bladder cancer is characterized as frequent mutations in TP53, FGFR3 and 
RB1. FGFR3 mutations are particularly common in non-muscle invasive bladder cancer and FGFR inhibitors 
such as erdafitinib could be seen as a promising therapeutic approach. PD-1/PD-L1 inhibitörleri (nivolumab 
ve atezolizumab) ile immünoterapi, kas invaziv mesane kanseri için standart bir tedavi haline gelmiştir [25,26]. 

Prostate cancer often involves mutations in the AR (androgen receptor) gene. Enzalutamid ve 
abirateron gibi AR-hedefli tedaviler kastrasyona dirençli prostat kanserinde yaygın olarak kullanılmaktadır 
[27]. Genetic mutations in BRCA1/2 are also important in advanced prostate cancer and PARP inhibitors such 
as olaparib are used in patients with these mutations [27,28].       

Endometrial cancer often exhibits mutations in the PI3K/AKT/mTOR pathway, particularly in the 
PTEN gene, a tumor suppressor [29] and    loss of PTEN gene function leads to uncontrolled cell proliferation. 
In advanced cases, targeted therapies that inhibit mTOR, such as everolimus, are used. Furthermore, 
microsatellite instability (MSI), a sign of DNA mismatch repair deficiency, is observed in a subset of 
endometrial cancers, making immune checkpoint inhibitors a viable treatment [30]. Breast cancer is a common 
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disease involving key mutations in genes such as BRCA1/2, PIK3CA and TP53 [31]. Hormone receptor-
positive breast cancer is typically treated with endocrine therapies such as tamoxifen or aromatase inhibitors, 
while HER2-positive breast cancer is managed with HER2-targeted therapies such as trastuzumab and PARP 
inhibitors are also effective in BRCA-mutant breast cancers [32]. Small cell lung cancer (SCLC) is highly 
aggressive and often leads to uncontrolled proliferation with mutations in the TP53 and RB1 genes [33]. 
Traditional chemotherapy remains the mainstay of treatment for this type of lung cancer, but recent advances 
in immune checkpoint inhibitors such as durvalumab and atezolizumab have improved outcomes in 
advanced disease [34]. Non-small cell lung cancer (NSCLC) is usually driven by mutations in the EGFR, ALK 
and KRAS  genes [35]. EGFR mutations are usually targeted with tyrosine kinase inhibitors such as osimertinib 
and erlotinib while ALK disruptions are treated with ALK inhibitors such as crizotinib [36]. The use of PD-
1/PD-L1 inhibitors, e.g. pembrolizumab, has also shown significant efficacy in the treatment of NSCLC with 
high PD-L1 expression [36, 37]. 

2. RESULTS  

I. Phyton code to find jaccard similarity in these 17 different  KEGG cancer pathways (Suppl.1) 
II. Phyton code to find gene interactions in these 17 different  KEGG cancer pathways 

This script is used to extract gene interactions from the specified 17 pathway files and convert them 
into a pandas DataFrame. This DataFrame contains information such as pathway name, genes in the 
interaction, interaction type and subtypes. When you run the script, a table with gene interactions in all 
pathways is created (Suppl. 2). 

Phyton software was used to compare KEGG pathways between 17 different cancer types and gene 
similarities ranged from 43% to 47% and pathway similarities ranged from 25% to 46%. These results reveal 
that while some cancer types are genetically similar, they show differences in biochemical processes (Supp. 1). 
Secondly, gene interaction between Kyoto University KEGG cancer metabolic pathways was examined using 
Phyton codes, and the highest interaction rates among 17 different cancer pathways were observed between 
(‘activation’) and entries ‘43-40’ in colorectal cancer, between (‘activation’) and entries ‘113-6’ in pancreatic 
cancer, and between (‘activation’) and entries ‘122-224’ in hepatocellular carcinoma, showing almost 100% 
interaction. On the other hand, the lowest interaction rates were found between (‘missing interaction’) and 
entries ‘39-135’ in colorectal cancer and between (‘missing interaction’) and entries ‘95-106’ in melanoma, 
showing 0% interaction (table 1)(Supp.2). 

Table 1. Jaccard similarity in these 17 different  KEGG cancer pathways 
Comparison between cancer16.xml and cancer17.xml: 
Gene similarity: 0.47 
Common genes: hsa*:5925, 6654, 6655, 25759, 399694, 53358, 6464, 4040, 4041, 110117499, 5290, 5291, 5293, 5295, 
5296, 8503, 51176, 6932, 6934, 83439, 581, 2932, 1026, 1855, 1856, 1857, 7048, 4609, 6198, 6199, 11211, 2535, 7855, 
7976, 8321, 8322, 8323, 8324, 8325, 8326, 5604, 5605, 1869, 1870, 1871, 3082, 51426, 5594, 5595, 2549, 8312, 8313, 
1499, 7012, 7040, 7042, 7043, 3265, 3845, 4893, 10912, 1647, 4616, 7046, 7015, 10000 207 208, 10297, 324, 4087, 4088, 
122011, 1452, 4089, 369, 5894, 673, 578, 2475, 10023,23401, 1643, 4233, 2885, 51384, 54361, 7471, 7472, 7473, 7474, 
7475, 7476, 7477, 7478, 7479, 7480, 7481, 7482, 7483, 7484, 80326, 81029, 89780, 595, 7157, 1956 
Pathway similarity: 0.40 
Common pathways: path:hsa04151, path:hsa04350, path:hsa04310, path:hsa04010, path:hsa04110, 
path:hsa04115 

Comparison between cancer17.xml and cancer16.xml: 
Gene similarity: 0.47 
Common genes: hsa*:5925, 6654, 6655, 25759, 399694, 53358, 6464, 4040, 4041, 110117499, 5290, 5291, 5293, 5295, 
5296, 8503, 51176, 6932, 6934, 83439, 581, 2932, 1026, 1855, 1856, 1857, 7048, 4609, 6198, 6199, 11211, 2535, 7855, 
7976, 8321, 8322, 8323, 8324, 8325, 8326, 5604, 5605, 1869, 1870, 1871, 3082, 51426, 5594, 5595, 2549, 8312, 8313, 
1499, 7012, 7040, 7042, 7043, 3265, 3845, 4893, 10912, 1647, 4616, 7046, 7015, 10000, 207, 208, 10297, 324, 4087, 4088, 
122011, 1452, 4089, 369, 5894, 673, 578, 2475, 10023, 23401, 1643, 4233, 2885, 51384, 54361, 7471, 7472, 7473, 7474, 
7475, 7476, 7477, 7478, 7479, 7480, 7481, 7482, 7483, 7484, 80326, 81029, 89780, 595, 7157, 1956, 
Pathway similarity: 0.40 
Common pathways: path:hsa04151, path:hsa04350, path:hsa04310, path:hsa04010, path:hsa04110, 
path:hsa04115 

Comparison between cancer5.xml and cancer9.xml: 
Gene similarity: 0.47 
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Common genes: hsa*:4193, 5925, 1019, 1021, 581, 110117499, 5290, 5291, 5293, 5295, 5296, 8503, 1026, 5728, 5604, 
5605, 1869, 1870, 1871, 51426, 5594, 5595, 3265, 3845, 4893, 10912, 1647, 4616, 1029, 10000, 207, 208, 369, 5894, 673, 
578, 1643, 595, 7157, 
Pathway similarity: 0.25 
Common pathways: path:hsa04110, path:hsa04010, path:hsa04115 

Comparison between cancer9.xml and cancer5.xml: 
Gene similarity: 0.47 
Common genes: hsa*:4193, 5925, 1019, 1021, 581, 110117499, 5290, 5291, 5293, 5295, 5296, 8503, 1026, 5728, 5604, 
5605, 1869, 1870, 1871, 51426, 5594, 5595, 3265, 3845, 4893, 10912, 1647, 4616, 1029, 10000, 207, 208, 369, 5894, 673, 
578, 1643, 595, 7157, 
Pathway similarity: 0.25 
Common pathways: path:hsa04110, path:hsa04010, path:hsa04115 

Comparison between cancer5.xml and cancer14.xml: 
Gene similarity: 0.46 
Common genes: hsa*:7039, 5925, 6654, 6655, 1019, 1021, 1950, 581, 110117499, 5290, 5291, 5293, 5295, 5296, 8503, 
1026, 5604, 5605, 1869, 1870, 1871, 51426, 5594, 5595, 3265, 3845, 4893, 10912, 1647, 4616, 1029, 10000, 207, 208, 
5335, 5336, 369, 5894, 673, 578, 5578, 5579, 5582, 1643, 2885, 595, 1956, 7157 
Pathway similarity: 0.45 
Common pathways: path:hsa04020, path:hsa04010, path:hsa04012, path:hsa04110, path:hsa04115 

Comparison between cancer14.xml and cancer5.xml: 
Gene similarity: 0.46 
Common genes: hsa*:7039, 5925, 6654, 6655, 1019, 1021, 1950, 581, 110117499, 5290, 5291, 5293, 5295, 5296, 8503, 
1026, 5604, 5605, 1869, 1870, 1871, 51426, 5594, 5595, 3265, 3845, 4893, 10912, 1647, 4616, 1029, 10000, 207, 208, 
5335, 5336, 369, 5894, 673, 578, 5578, 5579, 5582, 1643, 2885, 595, 1956, 7157 
Pathway similarity: 0.45 
Common pathways: path:hsa04020, path:hsa04010, path:hsa04012, path:hsa04110, path:hsa04115 

Comparison between cancer1.xml and cancer4.xml: 
Gene similarity: 0.44 
Common genes: hsa*:6654, 6655, 1950, 581, 110117499, 5290, 5291, 5293, 5295, 5296, 8503, 51176, 6932, 6934, 83439, 
2932, 1026, 4609, 5604, 5605, 572, 51426, 5594, 5595, 8312, 8313, 1499, 3265, 3845, 4893, 3845, 10912, 1647, 4616, 
842, 10000, 207, 208, 10297, 324, 4292, 369, 5894, 673, 578, 1643, 2885, 595, 1956, 7157 
Pathway similarity: 0.46 
Common pathways: path:hsa04151, path:hsa04310, path:hsa04010, path:hsa04012, path:hsa04110, 
path:hsa04115 

Comparison between cancer4.xml and cancer1.xml: 
Gene similarity: 0.44 
Common genes: hsa*:6654, 6655, 1950, 581, 110117499, 5290, 5291, 5293, 5295, 5296, 8503, 51176, 6932, 6934, 83439, 
2932, 1026, 4609, 5604, 5605, 572, 51426, 5594, 5595, 8312, 8313, 1499, 3265, 3845, 4893, 3845, 10912, 1647, 4616, 
842, 10000, 207, 208, 10297, 324, 4292, 369, 5894, 673, 578, 1643, 2885, 595, 1956, 7157 
Pathway similarity: 0.46 
Common pathways: path:hsa04151, path:hsa04310, path:hsa04010, path:hsa04012, path:hsa04110, 
path:hsa04115 

Comparison between cancer15.xml and cancer17.xml: 
Gene similarity: 0.43 
Common genes: hsa*:5925, 6654, 6655, 25759, 399694, 53358, 6464, 1950, 4040, 4041, 110117499, 5290, 5291, 5293, 
5295, 5296, 8503, 51176, 6932, 6934, 83439, 581, 2932, 1026, 1855, 1856, 1857, 4609, 6198, 6199, 11211, 2535, 7855, 
7976, 8321, 8322, 8323, 8324, 8325, 8326, 5604, 5605, 1869, 1870, 1871, 51426, 5594, 5595, 8312, 8313, 1499, 3265, 
3845, 4893, 10912, 1647, 4616, 2064, 10000, 207, 208, 10297, 324, 2246, 2247, 2248, 2249, 2250, 2251, 2252, 2253, 2254, 
2255, 26281, 26291, 27006, 8074, 8817, 8822, 8823, 9965, 122011, 1452, 369, 5894, 673, 578, 2475, 10023, 23401, 1643, 
2885, 51384, 54361, 7471, 7472, 7473, 7474, 7475, 7476, 7477, 7478, 7479, 7480, 7481, 7482, 7483, 7484, 80326, 81029, 
89780, 595, 1956, 7157 
Pathway similarity: 0.38 
Common pathways: path:hsa04151, path:hsa04310, path:hsa04010, path:hsa04110, path:hsa04115 

Comparison between cancer17.xml and cancer15.xml: 
Gene similarity: 0.43 
Common genes: hsa*:5925, 6654, 6655, 25759, 399694, 53358, 6464, 1950, 4040, 4041, 110117499, 5290, 5291, 5293, 
5295, 5296, 8503, 51176, 6932, 6934, 83439, 581, 2932, 1026, 1855, 1856, 1857, 4609, 6198, 6199, 11211, 2535, 7855, 
7976, 8321, 8322, 8323, 8324, 8325, 8326, 5604, 5605, 1869, 1870, 1871, 51426, 5594, 5595, 8312, 8313, 1499, 3265, 
3845, 4893, 10912, 1647, 4616, 2064, 10000, 207, 208, 10297, 324, 2246, 2247, 2248, 2249, 2250, 2251, 2252, 2253, 2254, 
2255, 26281, 26291, 27006, 8074, 8817, 8822, 8823, 9965, 122011, 1452, 369, 5894, 673, 578, 2475, 10023, 23401, 1643, 
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2885, 51384, 54361, 7471, 7472, 7473, 7474, 7475, 7476, 7477, 7478, 7479, 7480, 7481, 7482, 7483, 7484, 80326, 81029, 
89780, 595, 1956, 7157 
Pathway similarity: 0.38 
Common pathways: path:hsa04151, path:hsa04310, path:hsa04010, path:hsa04110, path:hsa04115 

hsa*: refers to hsa codes 

 

The application of Jaccard similarity in this study allowed for a comparative analysis of gene content 
across 17 different cancer pathways. Jaccard similarity measures the overlap between gene sets in different 
cancer types, providing insights into the degree of shared genetic features across various cancers. High Jaccard 
similarity values indicate significant overlap and point to potential common molecular mechanisms leading 
to these cancers [38-40]. For instance, in our study, colorectal and pancreatic cancers exhibited a Jaccard 
similarity of 0.47, revealing substantial shared genetic components.   This could reflect similarities in pathways 
associated with tumorigenesis, such as mutations in KRAS and TP53, which are commonly implicated in both 
cancers [41]. 

The gene interaction analysis further elucidated the complexity of these pathways. It was possible to 
highlight critical regulatory nodes that may play a central role in cancer progression, by identifying key 
interactions between genes in the pathways [42,43]. For example, interactions between genes such as BRAF 
and TP53 have been frequently observed in many types of cancer, taking important roles in cell cycle 
regulation and apoptosis [44]. As disruptions in these pathways are often associated with aggressive tumor 
behavior, these interactions may provide potential drug targets [45,46]. 

Comparing gene interaction networks in pathways using both Jaccard similarity and gene interaction 
mapping can provide a comprehensive view of cancer biology (table 1; table 2). Integration of these 
methodologies can help identify not only common features in genes, but also cancer-specific deviations in 
pathway architecture [47,48]. For example, while pancreatic and colorectal cancers share many genetic 
mutations, the patterns of interaction between these genes may differ to reflect the tumor microenvironments 
and different tissue environments in which these cancers develop [49].  

Table 2. Pathway Gene Interactions. ** 

Pathway Entry1 Entry2 Type Subtypes 

Colorectal cancer 43.0 40.0 PPrel activation 
Colorectal cancer 44.0 40.0 PPrel activation 
Renal cell carcinoma 40.0 41.0 PPrel binding/association 
Renal cell carcinoma 39.0 41.0 PPrel binding/association 
Pancreatic cancer 51.0 4.0 PPrel binding/association 
Pancreatic cancer 35.0 52.0 PPrel binding/association 
Endometrial cancer 37.0 24.0 PPrel compound 
Endometrial cancer 37.0 18.0 PPrel compound 
Glioma 6.0 10.0 PPrel activation 
Glioma 7.0 10.0 PPrel activation 
Prostate cancer 52 42 PPrel comact  

Prostate cancer 52 51 PPrel comact 
Thyroid cancer 29.0 28.0 PPrel indirect effect 
Thyroid cancer 30.0 28.0 PPrel indirect effect 
Basal cell carcinoma 9.0 16.0 PPrel activation 
Basal cell carcinoma 16.0 15.0 PPrel activation 
Melanoma 28 27 PPrel comact 
Melanoma 15.0 14.0 PPrel activation 
Bladder cancer 25.0 38.0 PPrel indirect effect 
Bladder cancer 5.0 37.0 PPrel activation 
Chronic myeloid leukemia 48.0 47.0 PPrel compound 
Chronic myeloid leukemia 156.0 48.0 PPrel activation 
Acute myeloid leukemia 42.0 41.0 PPrel compound 
Acute myeloid leukemia 37.0 42.0 PPrel activation 
Small cell lung cancer 27.0 20.0 PPrel compound 
Small cell lung cancer 21.0 48.0 PPrel activation 
Non-small cell lung cancer 49.0 38.0 PPrel activation 
Non-small cell lung cancer 49.0 16.0 PPrel activation 
Breast cancer 53.0 6.0 PCrel binding/association 
Breast cancer 14.0 7.0 PCrel binding/association 
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Hepatocellular carcinoma 113.0 9.0 PPrel activation 
Hepatocellular carcinoma 29.0 30.0 PPrel activation 
Gastric cancer 15.0 16.0 PPrel activation 
Gastric cancer 16.0 17.0 PPrel activation 

** PCrel: An interaction type used in the KEGG database and PCrel represents the relationships between proteins and chemical 
compounds and refers to states such as activation, inhibition or binding depending on the type of interaction. GErel: defines how one 
gene affects another in the KEGG database and is used in calculations of gene interaction between pathways, to understand the biological 
consequences of genetic edits. PPrel: (Protein-Protein relation) refers to the interactions between proteins.   Entry1: will be the first 
component or protein/gene to interact. The first gene or protein (the initiator of the interaction), Entry2: The second gene or protein that 
interacts (the receiving or regulating side of the interaction). Abbreviation: Acphos : Acphos, Activation, indirect effect: Acineff,  inhphos 
: inhphos, dismisint: dismisint, comact: comact, inhibition, dephosphorylation: inhdephos, inhibition phosphorylation: inhphos, 
binding/association,missing interaction: binass misibt, expression, missing interaction: exp misint, activation, missing interaction: act 
misint, inhibition, missing interaction: inh misint. 
- The full data of the pathway gene interaction table are given in Suppl. 3.   

3. CONCLUSION 

The combination of Jaccard similarity and gene interaction analysis offers a robust approach to 
understanding the system of cancer biology. Despite the diversity in cancer types, these findings suggest that 
common genetic and molecular features can be exploited for targeted therapies. Future studies could focus on 
integrating other omics data such as proteomics and metabolomics to build a more detailed picture of cancer 
pathway dynamics. 

4. MATERIALS AND METHODS 

Kyoto University KEGG pathways and phyton program and google colab application were used to 
analyze these pathways. Phyton code was created and run on google colab, an online page to jaccard similarity 
and gene interactions in 17 different cancer pathways. Jaccard similarity is a widely used method for 
measuring the similarity between two data sets and has been used in various applications such as genome 
skimming [50], and in new methods to compare whole genomes and study taxonomic diversity in the 
microbiome [51,52].   

Gene interactions are an important method used to understand the interactions between genes that 
form different biochemical pathways. These interactions between genes reveal how they work together to 
regulate biological processes and influence cellular functions [42]. The analysis of gene interaction networks 
plays a critical role in understanding the molecular mechanisms of cancer and other complex diseases [43]. By 
comparing the interactions of genes in different pathways, it may be possible to determine which genes play 
a central role in disease processes [53]. 

The Python program includes a set of bioinformatics tools and libraries developed to analyse gene 
interactions and biochemical pathways. In this study, the Google Colab platform was preferred because it 
enables the processing of large data sets and offers cloud-based computing power. The KEGG (Kyoto 
Encyclopedia of Genes and Genomes) pathway library provided by Kyoto University was used in this study 
to study the roles of genes in biochemical networks by providing a large data set on biochemical pathways 
and gene functions. Detailed analyses of genetic interactions were performed by accessing the KEGG database 
through Python software. In this way, the roles of genes involved in different cancer types in biochemical 
processes were analysed and study results were obtained. 

This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr.      
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