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The methodology for this research study involves using a computational biological approach by 
analyzing numerous reputable studies on Oncomine. Oncomine was an internationally 
acknowledged database and was first started by a group of biologists at the University of 
Michigan. The studies researched remained consistent for each gene to ensure yielding accurate 
results. For each gene, seven to ten brain cancer studies were analyzed. The genes investigated 
include IL-6, HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-E, HLA-F, HLA-G, KRAS, NRAS, 
and HRAS. One study at a time for every gene, the box and whisker plots provided on the database 
were examined and the medians for the normal tissue control, cancerous tissue as well as patient 
age range and tumor types were recorded into Excel. The authors of the studies chosen for this 
study include Gutmann Brain, French Brain, Rickman Brain, Shai Brain, TCGA Brain, Sun Brain, 
Liang Brain, Bredel Brain 2, Murat Brain, and Lee Brain. Other glioma tumor types such as 
oligodendroglioma, anaplastic oligoastrocytoma, and anaplastic astrocytoma were explored, and 
corresponding median values were recorded in Excel to compare those gene expression levels to 
the levels of glioblastoma multiforme. The median values for the normal tissue control sample 
were averaged for each gene, then the cancerous tumor tissue sample median values were 
separated and averaged alongside the control. For every gene, the table was split into two 
categories, over and under expression and would be used to easily visualize and then draw 
conclusions. Once all the data and necessary information was collected from the database, tables 
and graphs were able to be generated along with calculating the standard deviation and T-Test 
values for each gene of glioblastoma multiforme and the other forms of glioma. The bar graphs 
that were created represented the average median values of normal tissue control versus cancerous 
tumor tissue. For each case study, the age ranges were searched for, however, some case studies 
did not include patient ages. Lastly, the conclusions drawn regarding patient age were made based 
on the select available case studies whose authors released that information.                  

Age Ranges in Oncomine:

METHOD
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In the adult population, one of the most frequently diagnosed forms of brain cancer is glioblastoma 
multiforme. Cancer, including glioblastoma multiforme initiates when there are changes in DNA 
sequences, in other words, mutations. From there, the cells in the body continue to divide and cancer 
progressively gets more aggressive and in turn fatal. These cancerous cells interact with and attack 
healthy tissues such as brain tissue which causes the tissues to become cancerous. Tumors consist of 
clusters of abnormal tissue and can fall under two categories, benign or malignant. A significant 
difference between malignant and benign is that malignant tumors metastasize to healthy tissues and 
cells while benign do not. When cancer cells metastasize, it becomes infinitely more difficult to treat 
and, in some cases, it is unable to be treated also is dependent on the stage and grade the cancer has 
progressed to. Depending on how much the primary malignant intracranial tumor spreads as well as 
how sizable the tumor is will correlate to tumor stage. Tumor grade is assessed by the growth rate of 
the tumor and distinct abnormal appearance of normal cells in comparison to cancerous cells. 
Determination of tumor stage and grade are essential measures for hypothesizing the expected 
lifespan of the patient after diagnosis. For glioblastoma multiforme, the tumor grade is grade four and 
is a stage four brain cancer due to the aggressive nature. Commonly used treatment methods for 
glioblastoma multiforme consist of surgery, chemotherapy, and radiation therapy. The procedure for 
this surgery involves removing the most amount of tumor as possible, however, complications such 
as the formation of narrow tentacles on astrocytes, which are brain cells that provide protection and 
support for neurons and where glioblastoma originates on, can hinder full removal of the tumor since 
the tentacles overtake normal brain tissue. Studies have shown that in many cases not only has the 
remainder of the tumor regrown back after surgery, but surgery has led to the cancerous tumor 
becoming far more aggressive than prior to the surgery. Following surgery, radiation therapy and 
chemotherapy will be needed to treat the remaining cancerous cells. Heterogeneous expression of 
immune response genes has been a reported hindrance to successful immunotherapy. Tumor 
heterogeneity causes varying degrees of sensitivity as well as resistance to treatment methods. Thus, 
in turn tumor heterogeneity lowers overall treatment efficacy. Human leukocyte antigen class I gene 
expression patterns in glioblastoma multiforme were investigated along with exploring the 
hypothesized correlation between human leukocyte antigen class I gene expression with patient age 
and tumor grade. Typically, the younger the patient is, the higher the chance of survival provided the 
tumor was detected early. As patient age increases, so does the likelihood of developing this form of 
cancer. Only one fourth of patients with glioblastoma multiforme make it past their first year and by 
five years, around one twentieth of patients remain). As the tumor grows and the cancer progresses, 
the patient’s quality of life decreases due to the symptoms associated with the end stage for which the 
patient approaches. The symptoms include, speech deficiency, motor deficiency, seizures, and 
impaired cognitive abilities like forgetfulness, difficulty concentrating, and learning disabilities. 
Onco-immunotherapy offers hope for a potentially effective glioblastoma multiforme treatment. 
Since glioblastoma multiforme compromises the immune system, immunotherapy assists in 
destroying cancerous cells by using stimulation on the patient’s immune system aids in better 
identifying cancerous cells since the cells affected by the stimulation are T-cells whose function is to 
attack cancerous cells. This immunotherapy approach can also be referred to as CAR-T cell therapy. 
The complex of human leukocyte antigen assists the immune system differentiate proteins that 
originated in the body from proteins that were created from viruses or any other foreign invader. 

Human leukocyte antigen (HLA) is crucial for the immune system to thrive due to the ability to 
regulate immune responses as well as detect foreign cells or agents that are then transferred to T-
cells receptors. There are three distinguished classes for human leukocyte antigen, however for this 
study, the focus remained on class I. Human leukocyte antigen class I differs from the other classes 
by the fact that most of the cells that are expressed contain a nucleus and CD8 glycoprotein 
identifies this class while CD4 glycoprotein is responsible for the recognition of class II). Different 
locations of the major histocompatibility complex correlates to each class having their own 
designated genes that are being coded for. The HLA genes code for their corresponding protein, for 
instance HLA-A gene codes for the HLA-A protein. The strength of binding between peptides and 
human leukocyte antigen molecules can be at varying degrees. If a foreign peptide is detected by 
the immune system, the response involves the impacted cell to destroy itself. The human leukocyte 
antigen genes are variable in order to have the ability to respond to diverse selection foreign 
agents. For the HLA region, genes that compose it include HLA-A, HLA-B, HLA-C, HLA-DRB1, 
HLA-E, HLA-F, and HLA-G as seen in the figure below.

Glioblastoma Multiforme (GBM) HLA Standard Deviation and T-Test Statistics

Other Gliomas HLA Standard Deviation and T-Test Statistics

Heat Maps for Class I and Class II HLA Genes

Glioblastoma multiforme (GBM) is widely known as the most aggressive form of brain cancer and 
has a substantially low overall survival rate. Glioblastoma multiforme continues to pose a challenge 
in treatment efficacy and overall patient survival. A major challenge in ineffective cancer treatment 
stems from the failure of sufficient immune defense responses in patients by natural killer (NK) cells 
and cytotoxic T cells (CTL). This compromised defense provides cancer cells a survival advantage. 
Human leukocyte antigens (HLA) play an essential role in coordinating with the activation of NK 
and CTL cells. HLAs are vital for the immune system to thrive due to the ability to regulate immune 
responses as well as detect foreign cells or agents that are then transferred to T-cells receptors. 
Understanding the role of HLAs helps better characterize and understand how GBM evades immune 
defense. This information is also helpful in providing potential candidates of therapeutic targets in 
GBM. Using the Oncomine database, numerous studies were analyzed for the following genes, IL-6, 
HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-E, HLA-F, and HLA-G. Based on preliminary data, 
there is a significant overexpression for each gene when the values are averaged. HLA-B and HLA-
C have the greatest discrepancies between the control median and the cancerous tissue. HLA-B aids 
the T-cells in the recognition process of foreign invaders while the function of HLA-C is to mediate 
the activation and responses of T-cells as well as natural killer cells. Since glioblastoma multiforme 
is a very aggressive grade four glioma and is a form of astrocytoma, patient age is imperative to 
consider and investigate. Each set of patient age ranges for each available case study has indicated 
that middle age to elderly population are the most common patients for glioblastoma multiforme. 
This research topic is built upon my previously completed CRSP project that focused on Interleukin-
6 (IL-6) role in immune activation and immune suppression in Metastatic Breast Cancer.

The HLA genes showed the most discrepancies between the normal tissue control and the 
cancerous tumor tissue in glioblastoma multiforme. HLA-A and HLA-B aids the T-cells in 
the recognition process of foreign invaders. Comparing the expression medians of HLA-A 
and HLA-B, the discrepancy between the normal control and the tumor tissue for HLA-A is 
notably less than the discrepancy between the tumor and normal control tissue for HLA-B. 
HLA-C is said to have low expression levels. However, there was an increase from normal 
tissue control medians to cancerous tumor tissue based on the data collected. The function of 
HLA-C is to mediate the activation and responses of T-cells as well as natural killer cells. 
Like the expression pattern of HLA-B, HLA-C has a substantial discrepancy between the 
tumor tissue and normal tissue with the tumor tissue median value having a greater value can 
lead to the conclusion of over-expression of HLA-C in glioblastoma multiforme. For HLA-
DRB1, which fall in class II, it has shown slight overexpression from the normal tissue 
control to the cancerous tumor tissue. The primary function of HLA-E is the regulatory role 
of natural killer cells and can cause the natural killer cells to activate. Per the function of 
HLA-F, natural killer cell receptors are signaled in order to ensure that the immune system is 
regulated in the areas of infection as well as pregnancy. Lastly, for HLA-G, the focus is to 
prevent the ability to cause damage to the cells of natural killer cells as well as T-cells The 
pattern of notable overexpression can be seen in HLA-A, HLA-B, HLA-C, HLA-E, HLA-
DRB1 HLA-F, and HLA-G. It is important to note that there was a clear large amount of 
overexpression case studies for HLA on Oncomine instead of minimal case studies that 
showed under expression. For the IL-6 gene, there was a distinguished discrepancy between 
the tumor tissue and the normal tissue medians values and correlated to over expression. The 
function for this gene is coding the cytokine. IL-6 stimulates in the cells of the liver the 
release of factors of inflammation, causes fevers, and encourages secretory immunoglobulin 
which is produced by B cells. Each set of patient age ranges for each available case study 
has indicated that the middle age to elderly population are the most common patients for 
glioblastoma multiforme. Since glioblastoma multiforme is a very aggressive grade four 
glioma and is a form of astrocytoma, patient age is imperative to consider and investigate. 
For the Murat Brain study, the highest number of patients are between the ages 40-69. None 
of the patients were listed as children or adolescents. The two young adult patients compared 
to the 28 middle aged adults can draw the conclusion that the older the individual, the higher 
the chance of developing glioblastoma multiforme. This is even more evident in the TCGA 
Brain study in Fig 3 since the age ranges of 50-59 and 60-69 have a combined total of 293 
patients. Comparatively, a total of six adolescent patients further supports the claim that the 
older the patient, the greater likelihood of being diagnosed with glioblastoma multiforme. 
Compared to the gene expression patterns observed for glioblastoma multiforme in this 
research study, the other gliomas types have fewer varying degrees of discrepancies relating 
to over and under expression. All investigated genes for the other forms of gliomas exhibited 
over-expression except the HRAS gene, which was under expressed. The over expressed 
genes for these forms of glioma include IL-6, HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-
E, HLA-F, and HLA-G. It is important to note that these median values are cumulative of 
multiple glioma tumor types (anaplastic oligoastrocytoma, anaplastic oligodendroglioma, 
anaplastic astrocytoma, pilocytic astrocytoma, pilocytic astrocytoma, astrocytoma, and 
oligodendroglioma). When there is an increase of expression from the normal tissue control 
to the cancerous tumor tissue, it can be concluded the gene is being over expressed, and the 
opposite is true for under expression, when the normal tissue control value is greater than the 
cancerous tumor tissue. Few gene expression levels were shown as primarily significantly 
reduced; most of the cases indicated a drastic increase from the normal tissue control to the 
cancerous tumor tissue. Over and under expression of genes can impact symptoms of cancer 
including brain cancer, for instance with IL-6 cytokine, it has the function of promoting a 
fever therefore, it is valuable to investigate the discrepancies in gene expression. 
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Normal Tissue Control Sample -0.3895 2.7175 3.6144 2.9176 1.4797 1.8416 1.4174 1.5692 0.0758 -0.1943
Cancerous Tumor Tissue Sample 0.0635 3.429 5.4822 4.5986 1.6834 2.8588 2.1562 2.9076 0.0125 0.0586
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Glioblastoma Multiforme (GBM) Components - Normal Tissue Control Sample Vs 
Cancerous  Tumor Tissue Sample Averages 
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Other Glioma Components - Normal Tissue Control Sample Vs Cancerous Tumor Tissue 
Sample Averages 

Normal Tissue Control Sample

For the future, there are a multitude of paths this research could go, but exploring either the 
other forms of gliomas further, or the other two classes of HLA could be a beneficial route 
since this research study mainly focused on the class I. If continuing with glioblastoma 
multiforme, more studies could be analyzed to further test if the expression patterns remain 
the same and if there are notable outliers. Based on the data available on Oncomine, a 
correlation between survival rate and patient age could not be drawn for glioblastoma 
multiforme, but it could be another aspect of investigation for this form of aggressive brain 
cancer as well as other types of cancer.
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