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Abstract 

 

Metastasis is the movement of cancerous cells to new parts of the body, often 

through the blood or lymph systems. Metastasis is classified as stage IV cancer, a 

prognosis that is significantly more difficult to effectively treat compared to earlier 

cancer stages. We are interested in assessing whether expression of Cancer/testis (CT) 

genes, a class of genes that are predominantly expressed in germ cells while also being 

abnormally expressed in a large percentage of cancers, is associated with cancer 

metastasis. Germ cells make up an organism’s reproductive system, such as the testis and 

ovaries, and exhibit cellular immortality and, in the case of testis, self-proliferative 

behavior in the form of spermatogenesis. Cancer cells adopt similar germ and self-

proliferative behaviors, making CT gene analysis useful to isolate the genes and 

pathways involved in tumorigenesis. By assessing for differential expression between 

testis germline, normal tissue, and cancerous tissue, we identified 50 CT genes whose 

expression increases in stage IV tumors. Importantly, we determined that the majority of 

known CT genes were not associated with metastasis, suggesting that the most CT genes 

are activated in early cancer stages. However, many of the 50 CT genes that were 

associated with metastasis have previously been linked to metastatic and aggressive 

cancer behavior. Our analysis will direct more attention towards these CT genes linked 

with metastasis. Ideally, understanding how these CT genes are overactivated in stage IV 

tumors may shed light on a new avenue to develop new diagnostics or treatments aimed 

to improve quality of life, longevity, and prognosis for patients with stage IV cancer 

prognoses.
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1 Introduction 

 

Our analysis investigates the relationship between cancer/testis genes and the 

metastatic behaviors characterized in stage IV cancers. Cancer/testis (CT) genes are a 

class of genes predominantly expressed in germ cells while also being abnormally 

expressed in a large percentage of cancers. CT genes are associated with tumorigenesis, 

as cancer cells adopt germ cell-like behavior. For example, testis contain germline 

reproductive cells that undergo meiosis to generate sperm gametes. Importantly, meiotic 

behavior is associated with cancer metastasis, the traveling of cancer cells from the 

primary tumor to new locations in the body. If CT genes are already associated with 

tumorigenesis, could an important subset also be associated with metastasis? 

CT genes proven to be associated with metastasis would be ideal targets for future 

studies on cancer dysregulation. Currently, after a cancer metastasizes, prognosis 

becomes significantly poorer for the patient. We expect that CT genes enriched in 

metastatic cancers will be important targets for the development of future diagnostic or 

therapeutic procedures, with the aim to reduce morbidity and increasing life expectancy 

of patients diagnosed with stage IV cancers. 

1.1 Cancer/Testis Genes 

 

Cancer/testis (CT) genes are genes that are predominantly expressed in both cancer 

and testis cells, when compared to other cell types in the body (Craig et al., 2021; da 
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Silva et al., 2017). CT genes are, by definition, strongly associated with cancer. First 

described in 1991 by van der Bruggen, over a thousand CT genes have been identified to 

date (Chen et al., 1994; Chen et al., 1997; da Silva et al., 2017; De Smet et al., 1994; 

Dobrynin et al., 2013; van der Bruggen et al., 1991; Wang et al., 2016). 

A previous CT gene analysis identified genes responsible for behaviors shared by 

both cancer cells and testis cells (Wang et al., 2016). The testis contain male germline 

reproductive cells, which undergo meiosis in the form of spermatogenesis, the act of 

creating haploid sperm gametes (Guo et al., 2018). Meiotic gene activation and behaviors 

have been observed in germ cell tumors, and at least one meiotic gene supports cell 

migration and invasion, a hallmark of metastatic activity in cancer (Feichtinger & 

McFarlane, 2019; Tan et al., 2023). In addition, meiotic genes drive genome instability 

and cancer progression through the promotion of proliferative behavior in tumor cells 

(Lingg et al., 2022). This study aims to analyze the role of CT genes in metastasis, as the 

meiotic behavior in testis germline may promote cell proliferation and motility. 

1.2 Cancer/Testis Antigens and Medical Applications 

 

Cancer/testis (CT) antigens are a group of antigens found in tumors, which are 

normally expressed in testis germ cells, but not in other somatic tissues (Scanlan et al., 

2002). In cancer treatments, CT antigens are used to create immune responses toward the 

tumors they are found in (Scanlan et al., 2002). These treatments are known as 

immunotherapy, where tumor-specific antigens are targeted by the patient’s immune 

system (Zhang & Zhang, 2020). 
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CT antigens are particularly useful in immunotherapy, as they are by definition 

present in cancerous cells but not in most normal tissue (Soldatova et al., 2019). This 

allows for treatment to target cancer specifically, without harming other systems in the 

body (Soldatova et al., 2019; Xu et al., 2019). Due to the effectiveness of targeting CT 

antigens in immunotherapy, understanding their regulation in cancer is a major step 

towards the development of new cancer drugs and therapies. 

1.3 Stages of Cancer 

 

Within cancer diagnoses, stages are used to indicate the severity of the tumor found. 

While different cancer diagnoses use various substages, most follow the same guiding 

definitions for the overall stages of cancer progression. 

Stages I to III are all characterized by tumor size, and the localized spread of the 

primary tumor. Stage I cancer is a small tumor that has not spread to surrounding tissues 

or lymph nodes. Stage II cancer has grown in size, but still has not spread. Stage III 

cancer is a larger tumor that may have spread to surrounding tissues or lymph nodes 

(American Society of Clinical Oncology, 2021). 

Finally, stage IV is where metastasis is observed; the cancer has moved from its 

point of origin to a new organ in the body (other than the lymph nodes). Metastasis is 

characterized by cancerous cells detaching from the primary tumor and traveling through 

the blood or lymph system to a new location, where they then begin to proliferate into a 

new tumor, sometimes called a “secondary” or “metastatic” cancer. 
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Gene expression has been observed across the stages of cancer in several studies. A 

study on esophageal squamous cell carcinoma found that a few select genes such as 

P160ROCK and JNK2 were activated in the early stages of cancer. (Zhou et al., 2003). 

Another study looking for stage-specific genes in cancer found several genes that were 

enriched in relevant cancerous pathways (Aouiche et al., 2019). Finally, some CT genes, 

such as CT45A1, MAGE-C2, GAGE, XAGE1, and CAGE, have already been proven to 

act as oncogenic triggers for cancer metastasis (Shang et al., 2014; Gjerstorff et al., 

2015). However, a systematic analysis of CT genes and their association with cancer has 

yet to be performed. 

1.4 Goals and Hypothesis 

 

The goal of this study is to analyze confirmed CT genes for links to metastatic 

behavior. I hypothesize that the majority of CT genes show little correlation to 

metastasis. However, the few that do may be of interest to future metastatic cancer 

studies. These genes could be targeted to research and create new treatments to fight late-

stage cancer. 
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2 Materials and Methods 

 

2.1 Data used 

 

 This analysis utilized TCGA and GTEX sample data gathered from the Genomic 

Data Commons (Grossman et al., 2016). While every cancer and tissue types are 

available to be analyzed, for the purposes of this study, only those listed in Table 2.1 

were used. The RNA-Seq data, which shows the expression of each gene, was gathered 

for each sample. The metadata of each sample was also collected, including the sample 

name, primary diagnosis, gender, condition, tissue type, tumor stage, case ID, and 

mutation.  

Since several cancer types were reported under different names, we created a new 

variable called “lumped diagnosis,” which contained homogenized diagnosis names 

between all relevant samples. Only cancer diagnoses with the largest number of samples 

were used. These diagnoses and their sample sizes are shown below (Table 2.1). 
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Table 2.1. Full List of Cancer Types Analyzed and the Number of Samples of Each 

Cancer Type. 

Tissue Type Cancer Diagnosis Number of 

Samples 

Breast Infiltrating duct carcinoma, NOS 958 

Intestine Adenocarcinoma, NOS 691 

Kidney Clear cell adenocarcinoma, NOS 594 

Kidney Papillary adenocarcinoma, NOS 300 

Kidney Renal cell carcinoma, NOS 282 

Lung Adenocarcinoma, NOS 690 

Lung Squamous cell carcinoma, NOS 528 
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2.2 Differential Expression Analysis 

 

The genes in each tissue were first compared using the R package DESeq2 (Love et 

al., 2014). This compared GTEX, noncancerous tissue data (either breast, intestine, 

kidney, or lung) to GTEX testis data. We selected any gene that showed a log2 fold-

change of more than 1 (meaning the genes were upregulated in testis), and a p-adjusted 

value of less than 0.01. This analysis created a list of upregulated testis genes that were 

more highly expressed in testis, as compared to the normal tissue.  

Next, the TCGA data for the specific cancer type was compared to the GTEX tissue 

data. For example, we compared breast cancer RNA-seq samples from the TCGA to 

normal breast tissue RNA-seq samples from the GTEX. The same fold and p-adjusted 

value cut-offs were used. This analysis created a list of upregulated cancer genes that 

were more highly expressed in cancerous tissue, as compared to normal tissue. The 

upregulated testis genes and upregulated cancer genes were then compared. Only genes 

which were upregulated in both cancer and testis, which we named “differentially 

expressed CT genes” or “deCT genes”, were selected and used in our downstream 

analysis. 

2.3 Data Cleaning 

 

We used our Annotated_Expression program to affix metadata to each sample, 

including primary diagnosis, gender, condition of sample (cancerous or normal), tissue 
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type, and tumor stage. We filtered out samples that lacked desired metadata to ensure null 

values and zeroes did not affect any calculations or final results.  

 

2.4 ANOVA Analysis 

 

At the beginning of the ANOVA analysis, we intersected the resultant deCT genes 

with a curated list of confirmed CT genes. We did this to ensure that all genes used in the 

final analysis were CT genes. This both aided in ensuring the analysis was on pre-

existing CT genes (allowing comparison between my work and previous studies), and 

limited the number of results to a more reasonable amount to sort through manually. 

The identified deCT gene set that only includes genes that were upregulated in both 

cancer and testis, as compared to normal tissue, were analyzed for differential expression 

across cancer stages. We performed a one-way ANOVA test, which identified if any of 

the four stages of cancer were differentially expressed, as compared to each other stage. 

The resultant P values from the one-way ANOVA test were then converted to P adjusted 

values using the Bonferroni method. Genes determined to be differentially expressed in 

the stages of cancer, with a P adjusted value of < 0.01, were then sorted through 

manually. 
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3 Results 

 

3.1 deCT Gene Analysis 

 

We first identified upregulated genes shared in both testis and cancer after each 

were compared to normal tissue. We named these “deCT genes,” which stands for 

“differentially expressed CT” genes. Out of a total of 42,685 genes, we identified 11,649 

unique deCT genes upregulated in at least one of the four tissues analyzed (breast, 

intestine, kidney, and lung (figure 3-1). In breast cancers, including infiltrating duct 

carcinomas, we identified 5,472 deCT genes. In lung cancers, including squamous cell 

carcinoma and adenocarcinoma, we identified 5,072 deCT genes. In intestinal cancers, 

including adenocarcinoma, we identified 6,800 deCT genes. In kidney cancers such as 

clear cell adenocarcinoma, papillary adenocarcinoma, and renal cell carcinoma, we 

identified 3,283 deCT genes. Importantly, 684 deCT genes were observed in all four 

tissues (figure 3-1), making up 5.9% of the identified deCT gene set. We also found 

5,809 deCT genes that were only in one tissue type. This made up 49.9% of all the deCT 

genes found. This indicated that a large percentage of deCT genes were tissue specific. 
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Figure 3-1 Number of deCT Genes in Tested Tissue Types 

This figure shows the number of deCT genes shared between the analyzed tissues. The 

black circles connected indicate the number of genes listed above are shared between 

those tissues. 
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3.2 Confirmed CT Genes Found 

 

We were interested in evaluating whether our deCT gene analysis identified known 

CT genes identified in other studies (van der Bruggen et al., 1991; Chen et al., 1994; De 

Smet et al., 1994; Chen et al., 1997; Dobrynin et al., 2013; Wang et al., 2016; da Silva et 

al., 2017). We intersected our deCT gene set with known CT genes to ensure our 

downstream analysis stayed within the bounds of previously confirmed CT genes. Out of 

the 1,449 confirmed CT genes described in the literature, 481 were identified as 

differentially expressed between testis, cancer, and normal tissue in our analysis of 

breast, intestine, kidney, and lung cancer. Therefore, our analysis accounted for about 

33% of known CT genes. 

Within these 481 confirmed CT genes, we observed 115 genes were tissue specific. 

Of these 115 unrepeated genes, infiltrating duct adenocarcinoma of the breast contributed 

97, or 84.3%. Outside of this, the number of CT genes found in each diagnosis was 

roughly the same, as seen in figure 3-2. Altogether, we expect that extending our deCT 

gene analysis to other tissues in the future will account for more known CT genes 

observed previously in the literature.   

In breast cancers, including infiltrating duct carcinomas, we identified 321 

confirmed CT genes. In lung cancers, including squamous cell carcinoma and 

adenocarcinoma, we identified 253 confirmed CT genes. In intestinal cancers, including 

adenocarcinoma, we identified 199 confirmed CT genes. In kidney cancers, including 
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clear cell adenocarcinoma, papillary adenocarcinoma and renal cell carcinoma, we 

identified 226 confirmed CT genes. 

While we found the most confirmed CT genes in breast cancers, we still found at 

least 199 confirmed CT genes within each other tissues. This indicates that our deCT 

gene analysis was effective in finding confirmed CT genes. 

We also found 71 of the 481 confirmed CT genes that were in each of the 4 tissues 

analyzed (breast, intestine, kidney, and lung). This meant around 14.8% of the confirmed 

CT genes found were tissue nonspecific and expressed in cancer regardless of diagnosis 

or tissue type.  
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Figure 3-2 Number of Confirmed CT Genes in Tested Tissue Types 

This figure shows the number of deCT genes that were confirmed CT genes. The number 

of genes is shown as they were found in the analyzed tissues. The black circles connected 

indicate the number of genes listed above are shared between those tissues. 
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3.3 deCT Genes Differentially Expressed via Stage 

 

To identify the subset of deCT genes associated with stage IV cancer, we 

performed an ANOVA analysis on 481 confirmed CT genes observed in our deCT 

analysis and previously in the literature. We used ANOVA to compare the expression of 

each gene as it changed throughout the stages of cancer. This resulted in a list of genes 

with differential expression in the stages of cancer significant enough to result in a p-

adjusted value of less than 0.01. The full list of these genes are provided in the tables 

below (Table 3.1-3.5). Genes with significant changes in expression or low p-adjusted 

values also had their expression graphed via stage. 

Both diagnoses in lung (adenocarcinoma and squamous cell carcinoma) resulted in 

no results, indicating that none of the genes tested were differentially expressed across 

the stages of cancer. 
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Table 3.2. deCT Genes Differentially Expressed via Stage in Breast Infiltrating Duct 

Carcinoma. 

Ensembl gene ID (ENSG) Human Gene Nomenclature Committee 

(HGNC) name  

ENSG00000093009 CDC45 

ENSG00000104147 OIP5 

ENSG00000112742 TTK 

ENSG00000121152 NCAPH  

ENSG00000121211 MND1 

ENSG00000121621 KIF18A 

ENSG00000146670 CDCA5 

ENSG00000157456 CCNB2 

ENSG00000168078 PBK 

ENSG00000182459 TEX19 

ENSG00000182481 KPNA2 

ENSG00000204019 CT83 

  



16 

Table 3.2. deCT Genes Differentially Expressed via Stage in Intestine 

Adenocarcinoma. 

Ensembl gene ID (ENSG) Human Gene Nomenclature Committee 

(HGNC) name  

ENSG00000168078 PBK 

ENSG00000175294 CATSPER1 
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Table 3.3. deCT Genes Differentially Expressed via Stage in Kidney Clear Cell 

Adenocarcinoma. 

Ensembl gene ID (ENSG) Human Gene Nomenclature Committee 

(HGNC) name  

ENSG00000004848 ARX 

ENSG00000091651 ORC6 

ENSG00000093009 CDC45 

ENSG00000104147 OIP5  

ENSG00000105011 ASF1B 

ENSG00000105467 SYNGR4 

ENSG00000112742 TTK 

ENSG00000121152 NCAPH 

ENSG00000121211 MND1 

ENSG00000121621 KIF18A 

ENSG00000123975 CKS2 

ENSG00000124196 GTSF1L 
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ENSG00000133101 CCNA1 

ENSG00000136327 NKX2-8 

ENSG00000139800 ZIC5 

ENSG00000146670 CDCA5 

ENSG00000152086 TUBA3E 

ENSG00000152503 TRIM36 

ENSG00000153044 CENPH 

ENSG00000157456 CCNB2 

ENSG00000159224 GIP 

ENSG00000168078 PBK 

ENSG00000170965 PLAC1 

ENSG00000171540 OTP 

ENSG00000171872 KLF17 

ENSG00000171956 FOXB1 

ENSG00000175294 CATSPER1 
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ENSG00000176177 ENTHD1 

ENSG00000179046 TRIML2 

ENSG00000182481 KPNA2 

ENSG00000185662 SMIM23 

ENSG00000205078 SYCE1L 

ENSG00000220891 LL22NC03-63E9.3 

ENSG00000248099 INSL3 

ENSG00000258713 C20orf141 
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Table 3.4. deCT Genes Differentially Expressed via Stage in Kidney Papillary 

Adenocarcinoma. 

Ensembl gene ID (ENSG) Human Gene Nomenclature Committee 

(HGNC) name  

ENSG00000068985 PAGE1 

ENSG00000091651 ORC6 

ENSG00000093009 CDC45 

ENSG00000101003 GINS1 

ENSG00000104147 OIP5 

ENSG00000105011 ASF1B 

ENSG00000112742 TTK 

ENSG00000121152 NCAPH 

ENSG00000121211 MND1 

ENSG00000121621 KIF18A 

ENSG00000123975 CKS2 

ENSG00000133863 TEX15 
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ENSG00000136492 BRIP1 

ENSG00000139800 ZIC5 

ENSG00000146670 CDCA5 

ENSG00000153044 CENPH 

ENSG00000157456 CCNB2 

ENSG00000161609 KASH5 

ENSG00000168078 PBK 

ENSG00000170965 PLAC1 

ENSG00000171864 PRND 

ENSG00000179046 TRIML2 

ENSG00000182459 TEX19 

ENSG00000182481 KPNA2 

ENSG00000198754 OXCT2 

ENSG00000258713 C20orf141 
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Table 3.5. deCT Genes Differentially Expressed via Stage in Kidney Renal Cell 

Carcinoma. 

Ensembl gene ID (ENSG) Human Gene Nomenclature Committee 

(HGNC) name  

ENSG00000112742 TTK 

ENSG00000117148 ACTL8 

ENSG00000121152 NCAPH 

ENSG00000121621 KIF18A 

ENSG00000133101 CCNA1 

ENSG00000136327 NKX2-8 

ENSG00000139800 ZIC5 

ENSG00000146670 CDCA5 

ENSG00000152503 TRIM36 

ENSG00000157456 CCNB2 

ENSG00000160994 CCDC105 

ENSG00000164399 IL3 
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ENSG00000171872 KLF17 

ENSG00000173908 KRT28 

ENSG00000176177 ENTHD1 

ENSG00000182481 KPNA2 

ENSG00000185972 CCIN 

ENSG00000220891 LL22NCO3-62E9.3 

ENSG00000241369 LINC01192 

ENSG00000258713 C20orf141 
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3.4 Overall Metastatic Behavior in CT genes 

 

Our goal in this analysis was to determine if the majority of CT genes experienced 

differential expression throughout the stages of cancer. If a CT gene was upregulated in 

stage IV cancers, it would be associated with metastasis. We selected any deCT genes 

that showed differential expression in any stage of cancer. 

In breast infiltrating duct carcinoma, 12 of the 321 confirmed CT genes, or 3.7%, 

displayed significant differential expression between tumor stages. In lung 

adenocarcinoma, 0 of the 253 confirmed CT genes, or 0%, displayed significant 

differential expression between tumor stages. In lung squamous cell carcinoma, 0 of the 

253 confirmed CT genes, or 0%, displayed significant differential expression between 

tumor stages. In intestinal adenocarcinoma, 2 of the 199 confirmed CT genes, or 1%, 

displayed significant differential expression between tumor stages. In kidney clear cell 

adenocarcinoma, 35 of the 226 confirmed CT genes, or 15.4%, displayed significant 

differential expression between tumor stages. In kidney papillary adenocarcinoma, 26 of 

the 226 confirmed CT genes, or 11.5%, displayed significant differential expression 

between tumor stages. In kidney renal cell carcinoma, 20 of the 226 confirmed CT genes, 

or 8.8%, displayed significant differential expression between tumor stages. 

Our results showed that intestinal, breast, and lung cancers did not exhibit stage-

wise differential expression in the majority of tested CT genes. However, all 3 kidney 

cancer types showed higher numbers of differential expression via stage. This indicates 



25 

that the kidney cancers analyzed (clear cell adenocarcinoma, papillary adenocarcinoma, 

and renal cell carcinoma) have more genes that are differentially expressed depending on 

cancer stage. 

We looked at all 7 cancer types and their resultant confirmed CT genes that were 

differentially expressed in the stages of cancer. Between all of the analyzed cancer types, 

we identified 498 unique confirmed CT genes. Only 50 of those genes showed any 

connection in regulation to the stage of cancer, in any of the tested cancer types. 10% of 

the unique CT genes found were differentially expressed across the stages of cancer. This 

indicates that 90% of analyzed CT genes are not differentially expressed via stage.  

3.5 Genes of Interest 

 

 In total, there were 95 genes between all cancer types that were marked as 

substantially differentiated via the stages of cancer. Many of these genes overlapped, 

being differentially expressed in multiple diagnoses at once. Of the five diagnoses that 

produced any results, 7 genes were observed in 4 total cancer types, 5 genes were 

observed in 3 cancer types, 14 genes were observed in 2 cancer types, and 24 genes were 

only observed in one cancer type (tables 3.6-3.9). As seen in figure 3-3, kidney diagnoses 

had the largest numbers of genes of interest which were not observed in other types of 

cancer from different tissues. In total, 23 (95.8%) of the 24 genes of interest were 

observed only in kidney cancers. 
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Figure 3-3 Number of Shared Genes of Interest between Cancer Types 

This figure shows the number of genes shared between the analyzed cancer types. The 

black circles connected indicate the number of genes listed above are shared between 

those cancer types. 
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Table 3.6. Genes Exhibiting Stagewise Differential Expression in 4 of the 7 Cancer 

Types Tested. 

Ensembl gene ID 

(ENSG) 

Human Gene 

Nomenclature 

Committee (HGNC) 

name  

Cancer types gene is observed in 

ENSG00000112742 TTK Breast Infiltrating Duct Carcinoma, 

Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma, 

Kidney Renal Cell Carcinoma 

ENSG00000121152 NCAPH Breast Infiltrating Duct Carcinoma, 

Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma, 

Kidney Renal Cell Carcinoma 

ENSG00000121621 KIF18A Breast Infiltrating Duct Carcinoma, 

Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma, 

Kidney Renal Cell Carcinoma 

ENSG00000146670 CDCA5 Breast Infiltrating Duct Carcinoma, 

Kidney Clear Cell Adenocarcinoma, 
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Kidney Papillary Adenocarcinoma, 

Kidney Renal Cell Carcinoma 

ENSG00000157456 CCNB2 Breast Infiltrating Duct Carcinoma, 

Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma, 

Kidney Renal Cell Carcinoma 

ENSG00000168078 PBK Breast Infiltrating Duct Carcinoma, 

Intestine Adenocarcinoma,      

Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma 

ENSG00000182481 KPNA2 Breast Infiltrating Duct Carcinoma, 

Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma, 

Kidney Renal Cell Carcinoma 
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Table 3.7. Genes Exhibiting Stagewise Differential Expression in 3 of the 7 Cancer 

Types Tested. 

Ensembl gene ID 

(ENSG) 

Human Gene 

Nomenclature 

Committee (HGNC) 

name  

Cancer types gene is observed in 

ENSG00000093009 CDC45 Breast Infiltrating Duct Carcinoma, 

Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma 

ENSG00000104147 OIP5 Breast Infiltrating Duct Carcinoma, 

Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma 

ENSG00000121211 MND1 Breast Infiltrating Duct Carcinoma, 

Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma 

ENSG00000139800 ZIC5 Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma, 

Kidney Renal Cell Carcinoma 
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ENSG00000258713 C20orf141 Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma, 

Kidney Renal Cell Carcinoma 
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Table 3.8. Genes Exhibiting Stagewise Differential Expression in 2 of the 7 Cancer 

Types Tested. 

Ensembl gene ID 

(ENSG) 

Human Gene 

Nomenclature 

Committee (HGNC) 

name  

Cancer types gene is observed in 

ENSG00000091651 ORC6 Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma 

ENSG00000105011 ASF1B Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma 

ENSG00000123975 CKS2 Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma 

ENSG00000133101 CCNA1 Kidney Clear Cell Adenocarcinoma,  

Kidney Renal Cell Carcinoma 

ENSG00000136327 NKX2-8 Kidney Clear Cell Adenocarcinoma, 

Kidney Renal Cell Carcinoma 

ENSG00000152503 TRIM36 Kidney Papillary Adenocarcinoma, 

Kidney Renal Cell Carcinoma 
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ENSG00000153044 CENPH Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma 

ENSG00000170965 PLAC1 Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma 

ENSG00000171872 KLF17 Kidney Clear Cell Adenocarcinoma, 

Kidney Renal Cell Carcinoma 

ENSG00000175294 CATSPER1 Intestine Adenocarcinoma,      

Kidney Clear Cell Adenocarcinoma 

ENSG00000176177 ENTHD1 Kidney Clear Cell Adenocarcinoma, 

Kidney Renal Cell Carcinoma 

ENSG00000179046 TRIML2 Kidney Clear Cell Adenocarcinoma, 

Kidney Papillary Adenocarcinoma 

ENSG00000182459 TEX19 Breast Infiltrating Duct Carcinoma, 

Kidney Papillary Adenocarcinoma 

ENSG00000220891 LL22NC03-63E9.3 Kidney Clear Cell Adenocarcinoma, 

Kidney Renal Cell Carcinoma 
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Table 3.9. Genes Exhibiting Stagewise Differential Expression in 1 of the 7 Cancer 

Types Tested. 

Ensembl gene ID 

(ENSG) 

Human Gene 

Nomenclature 

Committee (HGNC) 

name  

Cancer diagnoses gene is observed 

in 

ENSG00000004848 ARX Kidney Clear Cell Adenocarcinoma 

ENSG00000068985 PAGE1 Kidney Papillary Adenocarcinoma 

ENSG00000101003 GINS1 Kidney Papillary Adenocarcinoma 

ENSG00000105467 SYNGR4 Kidney Clear Cell Adenocarcinoma 

ENSG00000117148 ACTL8 Kidney Renal Cell Carcinoma 

ENSG00000124196 GTSF1L Kidney Clear Cell Adenocarcinoma 

ENSG00000133863 TEX15 Kidney Papillary Adenocarcinoma 

ENSG00000136492 BRIP1 Kidney Papillary Adenocarcinoma 

ENSG00000152086 TUBA3E Kidney Clear Cell Adenocarcinoma 

ENSG00000159224 GIP Kidney Clear Cell Adenocarcinoma 

ENSG00000160994 CCDC105 Kidney Renal Cell Carcinoma 
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ENSG00000161609 KASH5 Kidney Papillary Adenocarcinoma 

ENSG00000164399 IL5 Kidney Renal Cell Carcinoma 

ENSG00000171540 OTP Kidney Clear Cell Adenocarcinoma 

ENSG00000171864 PRND Kidney Papillary Adenocarcinoma 

ENSG00000171956 FOXB1 Kidney Clear Cell Adenocarcinoma 

ENSG00000173908 KRT28 Kidney Renal Cell Carcinoma 

ENSG00000185662 SMIM23 Kidney Clear Cell Adenocarcinoma 

ENSG00000185972 CCIN Kidney Renal Cell Carcinoma 

ENSG00000198754 OXCT2 Kidney Papillary Adenocarcinoma 

ENSG00000204019 CT83 Breast Infiltrating Duct Carcinoma 

ENSG00000205078 SYCE1L Kidney Clear Cell Adenocarcinoma 

ENSG00000241369 LINC01192 Kidney Renal Cell Carcinoma 

ENSG00000248099 INSL3 Kidney Clear Cell Adenocarcinoma 
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 Of particular interest are the 7 genes that were observed to be differentially 

expressed throughout the stages of cancer in 4 different cancer types. We hypothesize 

that these genes may be involved in a germ cellular mechanism that is adopted in most 

cancers. 6 of these genes were differentially expressed in the breast infiltrating duct 

carcinoma diagnosis group, kidney clear cell adenocarcinoma group, kidney papillary 

adenocarcinoma group, and kidney renal cell carcinoma group. The only gene not 

expressed in all 3 kidney diagnoses was PBK, which was differentially expressed in 

intestinal adenocarcinoma, breast infiltrating duct carcinoma, clear cell adenocarcinoma 

of the kidney, and papillary adenocarcinoma of the kidney. Importantly, the intestinal 

adenocarcinoma diagnosis group only returned 2 deCT. In contrast, the analyses of 

kidney cancers returned larger numbers of differentially expressed genes, and majority of 

repeatedly observed deCT genes occurred in our analysis of kidney cancers. The 7 

common genes are also well documented in association with poor prognosis, metastasis, 

and aggressive tumor growth. This indicates that the analysis performed in our 

experiment was functional, and correctly selected genes associated with stagewise 

expression changes and metastasis. Below, some of the research on each of the 7 most 

repeated genes is examined more closely. 

3.5.1 TTK 

 

The TTK gene (ENSG00000112742) was differentially expressed via stage in all 

breast and kidney diagnoses tested in the analysis. The gene product is TTK protein 

kinase, which is associated with significantly increased cell proliferation and migration in 
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human bladder cancer cells (Chen et al., 2018). When this TTK protein kinase was 

knocked down in pancreatic cancer cells, cell proliferation was reduced, and apoptosis 

and necrosis rates were increased (Kaistha et al., 2014). A study in 2022 also showed that 

TTK expression predicted tumor proliferation and invasion in triple positive breast cancer 

(Gao et al., 2022). 

TTK’s association with metastatic behaviors such as tumor invasion and 

migration is shown in figure 3-4, where we observed visible upregulation in stages III 

and IV of all kidney diagnoses. These findings support previous research linking TTK to 

metastatic behavior in several tissue varieties. Interestingly, breast infiltrating duct 

carcinoma displayed downregulation in stage I, and no significant differential expression 

in stage IV. We postulate that while TTK is a predictor of triple positive breast cancer, it 

may not contribute to metastatic behavior in other breast cancer diagnoses. 

  



37 

       

 

       

 

Figure 3-4 Stagewise Expression of TTK 

This figure shows the expression changes of the gene TTK through the stages of cancer. 

The width of each violin plot indicates the number of samples exhibiting that level of 

expression. Red dots indicate outliers. 

* indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less than 

0.01. 

** indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less 

than 10-4. 

z  

**     *  *       **  

**     * ** 
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3.5.2 NCAPH 

 

The NCAPH gene (ENSG00000121152) was differentially expressed via stage in 

all breast and kidney diagnoses tested in the analysis. The gene product is NCAPH, also 

known as non-SMC condensing I complex subunit H. One study of NCAPH determined 

it has high odds ratios in stagewise comparisons, as well as prognosis comparisons and 

metastasis comparisons in endometrial cancer (Qui et al., 2020). This means it is highly 

associated with metastasis and stagewise progression, as well as poor prognosis. The 

same study also labeled NCAPH as an oncogene. In addition, NCAPH has been proven to 

play a role in cell proliferation in colon cancer (Yin et al., 2017). 

We observed visible upregulation in stages III and IV of all kidney diagnoses in 

figure 3-5. This supports previous research associating NCAPH with metastasis and 

stagewise progression. We also observed differential expression of NCAPH in stage I 

breast infiltrating duct carcinoma. This may link NCAPH with tumorigenesis in breast 

cancer. 
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Figure 3-5 Stagewise Expression of NCAPH 

This figure shows the expression changes of the gene NCAPH through the stages of 

cancer. The width of each violin plot indicates the number of samples exhibiting that 

level of expression. Red dots indicate outliers. 

* indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less than 

0.01. 

** indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less 

than 10-4. 

 

  

**     **  *       **  

**     *  
** 
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3.5.3 KIF18A 

 

The KIF18A gene (ENSG00000121621) was differentially expressed via stage in 

all breast and kidney diagnoses tested in the analysis. The gene product is KIF18A, a 

kinase that is strongly associated with a large variety of tumors. KIF18A has been 

associated with increased cell growth, migration, and invasion in liver cancer tissues such 

as hepatocellular carcinoma (Luo et al. 2018). It may promote metastatic behavior in 

liver cancer, and has also been proven to be involved in breast cancer carcinogenesis 

(Zhang et al., 2010). 

KIF18A’s association metastatic behaviors such as increased cell growth, 

migration, and invasion is shown in figure 3-6, where we observed visible upregulation in 

the stage IV of all kidney diagnoses. In particular, kidney papillary adenocarcinoma and 

renal cell carcinoma exhibited significant upregulation in stages III and IV. Breast 

infiltrating duct carcinoma displayed no significant regulation changes in the later stages 

of cancer, however. 
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Figure 3-6 Stagewise Expression of KIF18A 

This figure shows the expression changes of the gene KIF18A through the stages of 

cancer. The width of each violin plot indicates the number of samples exhibiting that 

level of expression. Red dots indicate outliers. 

* indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less than 

0.01. 

** indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less 

than 10-4. 

 

  

**     *  **      **  

**      **  *        **  
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3.5.4 CDCA5 

 

The CDCA5 gene (ENSG00000146670) was differentially expressed via stage in 

all breast and kidney diagnoses tested in the analysis. The gene produces CDCA5, cell 

division cycle-associated 5. This protein has been associated with cell proliferation and 

the phosphorylation of the ERK signaling pathway, along with AKT. Inhibiting CDCA5 

was found to similarly inhibit ERK, which then reduced cancer cell proliferation in both 

prostate cancer and hepatocellular carcinoma (Ji et al., 2021; Wang et al., 2018). 

CDCA5’s association with metastatic behaviors such as cell proliferation is 

shown in figure 3-7, where we observed visible upregulation in the stages III and IV of 

all kidney diagnoses. Breast infiltrating duct carcinoma also displayed graduation 

upregulation throughout stages of cancer. 
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Figure 3-7 Stagewise Expression of CDCA5 

This figure shows the expression changes of the gene CDCA5 through the stages of 

cancer. The width of each violin plot indicates the number of samples exhibiting that 

level of expression. Red dots indicate outliers. 

* indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less than 

0.01. 

** indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less 

than 10-4. 

 

  

**     *  *       **  

**      **  **  
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3.5.5 CCNB2 

 

The CCNB2 gene (ENSG00000157456) was differentially expressed via stage in 

all breast and kidney diagnoses tested in the analysis. The gene product is cyclin B2 

(CCNB2). Upregulation of CCNB2 was found to aid the process of lymphovascular 

invasion, a step of metastasis found in breast cancer. High expression of CCNB2 resulted 

metastasis and tumor aggressiveness (Aljohani et al., 2022). CCNB2 was also shown to 

stimulate highly aggressive breast cancers known as triple-negative breast cancer, 

causing increased cell proliferation in an already highly aggressive and metastatic cancer 

diagnosis (Wu et al., 2021). 

CCNB2’s association with metastasis and highly aggressive cancers is shown in 

figure 3-8, where we observed visible upregulation in stages III and IV of all kidney 

diagnoses. These findings support previous research linking CCNB2 to metastatic 

behavior in several tissue varieties. However, CCNB2 displayed no significant 

differential expression in stage IV breast infiltrating duct carcinoma, despite research 

proving its association with highly metastatic cancer diagnoses such as triple-negative 

breast cancer. 
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Figure 3-8 Stagewise Expression of CCNB2 

This figure shows the expression changes of the gene CCNB2 through the stages of 

cancer. The width of each violin plot indicates the number of samples exhibiting that 

level of expression. Red dots indicate outliers. 

* indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less than 

0.01. 

** indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less 

than 10-4. 

 

  

**     *  **     **  

**      *  **  



46 

3.5.6 PBK 

 

The PBK gene (ENSG00000168078) was differentially expressed via stage in 

intestinal adenocarcinoma, breast infiltrating duct carcinoma, clear cell adenocarcinoma 

of the kidney, and papillary adenocarcinoma of the kidney. The gene product is PDZ-

binding kinase (PBK), which has been proven to promote metastasis in hepatocellular 

carcinoma (Yang et al., 2019). It has also been associated with poor prognosis and 

immune infiltration, where the tumor grows into surrounding, healthy tissue (Wen, et al., 

2021). 

PBK’s association with metastasis is shown in figure 3-9, where we observed 

visible differential expression in stages III and IV of kidney papillary adenocarcinoma 

and clear cell adenocarcinoma. Kidney papillary adenocarcinoma shows slight 

upregulation as stage progresses, and kidney renal cell carcinoma shows significant 

upregulation in stages III and IV of cancer. We also observed slight upregulation across 

cancer stage in breast infiltrating duct carcinoma. Intestinal adenocarcinoma exhibited 

downregulation as cancer progressed. These findings support previous research linking 

PBK to metastatic behavior. 
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Figure 3-9 Stagewise Expression of PBK 

This figure shows the expression changes of the gene PBK through the stages of cancer. 

The width of each violin plot indicates the number of samples exhibiting that level of 

expression. Red dots indicate outliers. 

* indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less than 

0.01. 

** indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less 

than 10-4. 

 

  

**     *  *       *  

**  **     **  
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3.5.7 KPNA2 

 

The KPNA2 gene (ENSG00000182481) was differentially expressed via stage in 

all breast and kidney diagnoses tested in the analysis. The gene produces karyopherin a2 

(KPNA2), which promotes cell proliferation and metastasis in kidney renal cell 

carcinoma, and may be a new target for colorectal cancer metastasis (Zheng et al., 2021; 

Han et al., 2022). Similarly, KPNA2 has been shown to promote metastasis and growth 

in osteosarcomas as well (Zhou et al., 2023). 

KPNA2’s stage-wise expression is shown in figure 3-10, where we observed 

significant differential expression in stage IV of kidney renal cell carcinoma. We 

observed slight upregulation across the stages of cancer in kidney papillary 

adenocarcinoma. These findings support research connecting KPNA2 with metastasis and 

cell growth. However, little regulation change was observed in breast infiltrating duct 

carcinoma or clear cell adenocarcinoma of the kidney. 
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Figure 3-10 Stagewise Expression of KPNA2 

This figure shows the expression changes of the gene KPNA2 through the stages of 

cancer. The width of each violin plot indicates the number of samples exhibiting that 

level of expression. Red dots indicate outliers. 

* indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less than 

0.01. 

** indicates a T-Test comparing stage 1 to the labeled stage returned a P value of less 

than 10-4. 

 

**     **  
*        **  

* **  
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4 Discussion 

 

The goal of this study was to test if CT genes promoted or were associated with 

metastatic behavior. Only 50 unique CT genes with any differential expression via stage 

were found, out of the 481 found in total. This indicates 10% of the CT genes we isolated 

exhibited any stagewise differential expression, and the other 90% were not differentially 

expressed via stage. 

We then conducted further analysis on the 50 unique CT genes with stage-wise 

differential expression. Within these 50 genes, we found 7 that were tissue nonspecific, 

and were differentially expressed in 4 of the 7 tested diagnoses. These 7 genes were TTK, 

NCAPH, KIF18A, CDCA5, CCNB2, PBK, and KPNA2. We found that these 7 genes 

were all linked to metastasis, invasion, or aggressive cell proliferation in previous studies. 

This indicates that our analysis succeeded in isolating genes associated with metastasis in 

stage IV cancer. 

Both the tissue nonspecific and tissue specific genes isolated in this analysis could 

be of interest to future research focused on late-stage cancer. Treatments targeting genes 

associated with metastasis could result in lower mortality and morbidity rates in late-

stage cancer patients. We hope that our results will help reveal ideal targets for future 

cancer research and therapies. 
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