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ABSTRACT: Glioblastoma is an aggressive and often fatal brain tumor characterized by poor prognosis and complex genetic 
underpinnings. Through extensive analysis of glioblastoma datasets on the cBioPortal, this study identifies critical gene mutations 
and copy number alterations (CNAs) that correlate strongly with patient survival rates. Key findings highlight significant CNAs 
in chromosomes 20, 19, 10, 1, and 7. Our deep dive into the genetic profiles of deceased patients revealed a notable enrichment 
of mutations in specific genes, including MUC19, which exhibits higher expression levels in the cerebral cortex—the brain region 
most frequently affected by glioblastoma. By mapping these genes on GeneMania, we uncovered their functions and potential 
implications in glioblastoma pathology, such as their involvement in mucus lining and epithelial barriers, focusing on MUC genes, 
which showed differential expression patterns correlating with patient outcomes. This bioinformatic exploration advances our 
understanding of glioblastoma's molecular landscape and sets the stage for targeted therapies that could improve prognosis and 
treatment strategies.  
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�   Introduction
Glioblastomas are aggressive tumors arising from astrocytes, 

the star-shaped cells that comprise the brain's supportive tissue. 
They usually form in the cerebral cortex but can form in any 
location in the brain; Glioblastomas can also form in the spinal 
cord.1 Glioblastoma usually appears in a mesh-like structure, 
making treatment challenging. Symptoms for Glioblastoma 
may vary. However, most commonly, there are headaches, nau-
sea and vomiting, seizures, weakness or numbness on one side, 
memory loss or confusion, and personality changes.2 What 
causes glioblastoma is unknown. However, some risk factors 
of glioblastoma are age, genetic mutation, radiation exposure, 
people who have received radiation treatment for other dis-
eases have a higher risk of developing the tumor, and finally, 
family history. MRIs, CT scans, other imaging tests, and a 
biopsy can diagnose glioblastoma.3 The treatment options 
for Glioblastoma mainly depend on the individual's health 
and how far the tumor has progressed. One option is surgery, 
which can help remove as much of the tumor as possible. Radi-
ation therapy uses high-energy beams to target and kill cancer 
cells. Chemotherapy uses drugs to target and kill cancer cells 
throughout the body and, finally, treatment trials. The progno-
sis for Glioblastoma is poor since it is a rapidly growing cancer 
that can be difficult to treat.4 However, the prognosis for Glio-
blastoma can depend on factors such as age, overall health, and 
response to treatment. The prevention of glioblastoma is un-
known. However, maintaining a healthy lifestyle and avoiding 
any chemicals, such as smoking and drugs, can help increase 
the chances of a patient's survival. The average survival time 

of a patient with Glioblastoma can vary from 12-18 months. 
However, the incidence of Glioblastoma is relatively low, with 
it affecting 1/10,000 cases of cancer; however, Glioblastoma is 
responsible for around 45.2% of all cancerous primary brain 
tumors and CNS tumors.5

Previous research found many novel genetic alterations as-
sociated with glioblastoma cancer development.6 However, the 
genetic alterations that are linked to glioblastoma cancer have 
not been thoroughly investigated. As a result of many different 
targeted gene therapies on GBM, research has concluded that 
these tumors evolve on a multitude of distinct pathways rather 
than a single one, and further analyses are needed to identify 
additional potentially useful genetic alterations for the classi-
fication and target therapy of GBMs, even though only a few 
specific genetic pathways are consistently highlighted, there are 
undoubtedly complex interactions among them as well as with 
additional yet unknown factors.

The study aims to find a novel genetic alteration that affects 
Glioblastoma patients' survival rates and to find a novel link-
age between genetic alterations and their functions on brain 
cancer progression.7 This study further investigates the asso-
ciation between specific copy number alterations (CNAs) and 
gene mutations with patient survival in glioblastoma, focusing 
on identifying novel genetic alterations that could serve as po-
tential therapeutic targets. The importance of finding a novel 
genetic alteration that affects Glioblastoma patient’s survival 
rates is crucial to finding a novel treatment and accurate diag-
nosis for the aggressive tumor. Finding these novel mutations 
will help oncologists detect these cancers early on, which will

DOI: 10.36838/v6i10.8

RESEARCH ARTICLE

	 ijhighschoolresearch.org



	 62	

 help extend treatment plans. Finding novel genetic alter-
ations will also help develop targeted and patient-specific 
therapies. These treatment plans can be designed for the spe-
cific genetic changes of a particular patient. Gene therapy can 
also have a helpful impact on finding a novel genetic alteration. 
Gene therapy is a process used to repair or replace damaged 
genes.8 This can also make treatments such as immune cell 
therapy, gene manipulation, Oncolytic virotherapy, and Pro-
drug activating suicide gene therapy possible.

�   Methods
cBioPortal brain cancer patients’ survival analysis:
The cBioportal was the main database used to help collect 

the data.9 We organized 16 studies, selected the clinical tab 
on the cBioportal, and selected the graph that displayed the 
survival of the patients with the best and most accurate p-val-
ue, with around 2444 patients in the living group and around 
3226 patients in the deceased group.

Analysis of patient’s clinical attributes regarding chromosome 
copy number alteration and mutation:

In the cBioportal, we accessed the clinical attributes con-
taining copy number alterations and mutations. We examined 
the chromosomes containing the most significant p-values. 
We conducted many different analyses, plotting them on the 
Gene network using GeneMania and selecting specific genes 
with a p-value under 0.05.

Gene network analysis using GeneMania:
In the Genemania website, we selected the Homo sapiens 

tab. We selected 10 genes from chromosomes 7, 10, 19, 20, 
and 1, with the p-value of most significant, and plotted them 
on the website. The website displayed different gene networks 
that explain the relationship between the genes.

Statistical test:
The Logrank Test was used to calculate the p-value for the 

patient's survival. For the clinical attributes, a student t-test 
was used to calculate the p-value. GeneMANIA evaluates the 
statistical significance of the predicted genes by using permu-
tation tests or other resampling-based methods.

�   Result and Discussion 

We aim to find novel genetic alterations associated with 
the glioblastoma patient’s survival. Therefore, we divided 
the patients into two groups, living and deceased, to find the 
enriched genetic alterations in both groups. To analyze the 
overall survival rate of glioblastoma patients, we selected 16 
studies regarding glioblastoma and organized the data. After 
that, we plotted the graph by selecting the x-axis as the overall 
survival in months and making the y-axis the overall survival 
probability. After we analyzed the data, we found the median 
to be 15.22 for the survival time of deceased patients. There 
was no median survival time for the living group because 
they were not deceased at the time of the collection of the 
data. This data accurately represents and isolates the patients, 
which is shown by the living group having a 100% survival 
rate throughout data collection, which was about 340 months. 
With the information presented regarding overall survival, we 
can conclude that the median is 15.22 months for the survival 
time of deceased patients. In comparison, the living groups had 
a 100% survival rate throughout the data collection, which was 
340 months.

Our objective is to identify new genetic changes that may 
be associated with the survival of glioblastoma patients. To 
achieve this, we analyzed the clinical attributes and DNA copy 
number changes in patients in each group. We used the cBio-
portal database to analyze 16 selected studies and calculate the 
p-values and q-values using the chi-squared test. The analysis 
of chromosome 7 gain and chromosome 10 loss showed that 
survival patients had more samples with no combined changes, 
while deceased patients had higher samples of the alteration. 
Similarly, for the chromosome 19/20 co-gain alteration, living 
patients had more samples of the unchanged alteration, while 
deceased patients had higher samples. Lastly, in the analysis 
of 1p19q samples, living patients had higher amounts of de-
leted samples, while deceased patients had higher samples of 
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Figure 1: The comparison of the overall survival rate of glioblastoma patients 
divided into two groups: living (n=2444) and deceased (n=3226), using 16 
studies provided in the cBioPortal database. This result indicates that the two 
groups were successfully isolated depending on their survival status.

Figure 2: Many alterations in living and deceased patients were obtained 
using 16 studies in the cBioPortal database. (A) The comparison between 
living and deceased groups regarding the gaining of chromosome 7 and the 
loss of chromosome 10, with no copy number alterations. (B) The comparison 
between living and deceased groups regarding the gain of chromosomes 
19/20 and no chromosome 19/20 gains. (C) Comparison between living 
and deceased groups regarding the co-deletion of 1p and 19q and whether 
it is intact. This result successfully measures the rates at which various copy 
number alterations occur in deceased and living groups.
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intact. Based on this information, we concluded that deceased 
patients had more samples with the copy number alteration 
"chromosome 7 gain/chromosome 10 loss" than living pa-
tients.

On the other hand, living patients had more samples with 
no change. Additionally, the deceased group had more chro-
mosome 19/20 co-gain alteration samples than the living 
group. The living group had more samples with the codeleted 
change in the 1p19q study than the deceased group.

After we plotted 10 genes that were enriched for deceased 
groups with the most significant p-values for the copy num-
ber alterations chromosome 7 deletion and chromosome 10 
gain, co-gain of chromosome 19 and 20, and the codeletion 
of chromosomes 1 and 19, we found respective of their or-
der that there was a physical interaction rate of 77.64% and 
a co-expression percentage of 8.01 were the genes had to do 
mainly with the regulation of protein kinase B signaling and 
the ERBB signaling pathway, a 100% co-expression rate, with 
the main functions being in the soluble protein symporter, 
transmembrane, and the ion transmembrane, and finally a 
69.3% coexpression rate, and 33.07% of shared protein do-
mains and had played a role in the fusion of vesicles, organelle 
membrane fusion, and organelle fusion.

As we aimed to identify the number of mutations in the de-
ceased and the living groups, we made a graph, with the y-axis 
being -log 10 p-value and the significance increasing directly 
with the y-axis. The x-axis represents the Log2 ratio for the 
deceased and the living groups. For this Log2 ratio plot, each 
dot, regardless of color, represented a mutated gene. As for the 
blue dots specifically, they indicate a value that is less than 0.05 
and have an absolute Log2 Fold change greater than 1. As for 
the number of mutated genes enriched in the deceased group, 
it is 3509, while for the living group, it is 182, which allows us 
to conclude that there were more mutated genes enriched in 
deceased groups.

As we aimed to identify the most significant and most oc-
curring genes in the deceased groups, we selected 10 mutated 
genes that were enriched in the deceased group. These genes 
were sorted from the lowest q value to the highest q value and 
the lowest p value to the greatest value. The gene’s locations 
varied, found on chromosomes 10, 9, 12, 7, 22, 2, 19, and 4. 
These genes were also highly present in the deceased rather 
than the living group. Interestingly, three mucin (MUC) genes 
were found in the top 10 most significant genes enriched in 
the deceased group. The functions of these three genes, which 
were MUC19, MUC17, and MUC16, varied. MUC19 is a 
mucin gene that plays a role in forming protective mucous bar-
riers in the body.10 MUC16 plays a role in forming a protective 
barrier on the ocular surface and other epithelial surfaces and 
its important roles in cellular adhesion and immune response.11 
MUC17 was found to play a role in creating a mucous barrier 
that protects the lining of the digestive system.12

The analysis pinpointed ten key mutated genes notably en-
riched in deceased patients, highlighting their potential link 
to disease severity and mortality. These genes, including three 
mucin genes (MUC19, MUC17, and MUC16), crucial for 
forming protective mucous barriers in various bodily systems, 
were selected based on their low q-values and p-values, indi-
cating strong statistical significance. Compared to the living 
group, their diverse chromosomal locations and high presence 
in deceased individuals emphasize their possible roles in criti-
cal biological processes impacting patient outcomes.

Figure 4: Volcano plot illustrating the distribution of mutated genes in 
deceased and living groups. The y-axis displays the -log10 p-value, indicating 
increasing significance upwards, and the x-axis represents the Log2 ratio of 
mutated genes between the two groups. Each dot represents a mutated gene; 
blue dots indicate genes with p-values less than 0.05 and an absolute Log2 
fold change greater than 1. This result shows that the mutated genes were 
much more significant in the deceased group than in the living group.

Figure 3: The result of GeneMania gene network analysis predicts the 
function of the gene sets from Ch 7 amplification and Ch 10 deletion, Ch 
19 amplification, and Ch 20 amplification, as well as Ch 1p deletion and Ch 
19q deletion. This result displays the different functions of various gene sets 
involved in different copy number alterations and successfully shows their 
interactions.

Table 1: Top ten mutated genes enriched in the deceased group. This table 
successfully identifies ten of the most significant genes enriched in the 
deceased groups. The table also displays the gene’s cytobands, their rates in 
both deceased and living groups, their log2 ratio, their p-value (identifying 
their significance level), and finally, their q-value.
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In our research, we successfully collected and analyzed mu-
tation data from the cBioPortal, focusing on the differences 
in amino acid sequences between living and deceased groups. 
Remarkably, our findings showed no mutations were observed 
in the living group, whereas 104 distinct mutations were iden-
tified in the deceased group. The types of mutations varied, 
with 42 being missense mutations, 3 truncating mutations, and 
7 splice mutations. Notably, a significant proportion of these 
mutations were missense and truncating types.

Most of these mutations were localized in the C8 and VWD 
protein domains. The C8 domain is often involved in membrane 
attack complex formation, playing a crucial role in immune de-
fense mechanisms by mediating cell lysis. The VWD domain, 
found in von Willebrand factor and other blood coagulation 
proteins, is essential for proper blood clotting and cellular ad-
hesion processes.13 The frequent occurrence of mutations in 
these domains suggests they may be critical sites for molecular 
disruptions linked to the conditions observed in the deceased 
group, potentially influencing disease outcomes through im-
pacts on immune response and hemostasis. This data provides 
a clearer picture of the genetic alterations influencing disease 
severity and patient mortality.

Previous studies indicated that elevated MUC19 levels are 
associated with increased glycolysis, cell viability, migration, 
and invasion of breast cancer cells, contributing to tumor 
growth and aggressiveness.14 Also, another study showed that 
the upregulation of MUC19, driven by the LOC102724163/
miR-508-5p axis, enhances breast cancer cell proliferation, mi-
gration, and invasion. This suggests that LOC102724163 plays 
a carcinogenic role in breast cancer.15 These studies indicate 
that MUC19 may play a crucial function in cancer progression.

�   Conclusion 
Our research focused on the critical impact of copy number 

alterations (CNAs) across various chromosomes—particularly 
chromosomes 19, 20, 7, 9, and 1—on the prognosis of glioblas-
toma patients. These alterations significantly influence patient 
outcomes by affecting gene expression and tumor behavior. 
Additionally, our findings highlight the importance of specific 
mutations that profoundly affect prognosis. Notably, our anal-
ysis through the GeneMania platform revealed interconnected 
functions among genes, especially those coding for mucins like 
MUC19, which are essential in synthesizing mucus for epithe-
lial cell barriers. MUC19, in particular, demonstrated elevated 
expression levels in the cerebral cortex (0.6 nTPM), amygda-
la (0.3 nTPM), basal ganglia, and hypothalamus (0.1 nTPM 

Next, we analyzed the gene network of the top ten genes 
enriched in the deceased group. Interestingly, we found that 
the main functions of the MUC gene were ranked top-line in 
terms of their FDR significance. We highlighted the functions 
associated with the MUC genes: MUC19, MUC13, MUC17, 
MUC1, MUC16, MUC12, and MUC3A. These functions, 
concerning their order, were protein O-linked glycosylation, 
innate immune response-activating signal transduction, and 
cell surface receptor signaling pathway, as well as the activa-
tion of inane immune response and positive regulation of the 
innate immune response. These findings highlight the poten-
tial roles of MUC genes in critical biological processes among 
deceased brain cancer patients.

The analysis highlighted MUC19 as the most significant-
ly mutated gene enriched in the deceased group, prompting 
a focused investigation of its expression levels in the human 
brain. We found that MUC19 is primarily expressed in the 
cerebral cortex, with a normalized Transcripts Per Million 
(nTPM) of 0.6, followed by the amygdala at 0.3 nTPM, and 
both the basal ganglia and hypothalamus at 0.1 nTPM. This 
distribution is particularly relevant to understanding glioblas-
toma multiforme, a brain tumor predominantly found in the 
cerebral cortex, suggesting a potential role for MUC19 in the 
pathology of this aggressive cancer.
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Figure 5: GeneMania analysis of the top ten mutated genes enriched in the 
deceased groups. This result shows the potential roles of multiple MUC genes 
in biological processes among deceased brain cancer patients.

Figure 7: Distribution of mutations in protein domains among deceased 
group patients in MUC19 gene. This illustrates the frequency and types of 
mutations identified in the deceased group. The mutations are categorized into 
three types: missense, truncating, and splice mutations, with a focus on their 
localization in specific protein domains. This data shows a genetic alteration 
between living and deceased brain cancer patients in the MUC19 gene.

Figure 6: Expression levels of MUC19 in different regions of the human 
brain. This shows the normalized Transcripts Per Million (nTPM) for 
MUC19 across various brain regions, illustrating its highest expression in the 
cerebral cortex (0.6 nTPM), followed by the amygdala (0.3 nTPM), and lower 
expression in the basal ganglia and hypothalamus (0.1 nTPM each). This 
result indicates that MUC19 may play a crucial function in the cerebral cortex.

ijhighschoolresearch.org



	 65	

8. Yang, Q.; Zhou, Y.; Chen, J.; Huang, N.; Wang, Z.; Cheng, Y. Gene 
Therapy for Drug-Resistant Glioblastoma via Lipid-Polymer Hy-
brid Nanoparticles Combined with Focused Ultrasound. Int. J. 
Nanomedicine 2021, 16, 185–199. DOI: 10.2147/IJN.S286221.

9. Cerami, E.; Gao, J.; Dogrusoz, U.; Gross, B. E.; Sumer, S. O.; Ak-
soy, B. A.; Jacobsen, A.; Byrne, C. J.; Heuer, M. L.; Larsson, E.; 
Antipin, Y.; Reva, B.; Goldberg, A. P.; Sander, C.; Schultz, N. The 
CBio Cancer Genomics Portal: An Open Platform for Exploring 
Multidimensional Cancer Genomics Data. Cancer Discov. 2012, 2 
(5), 401–404. DOI: 10.1158/2159-8290.CD-12-0095.

10.Kerschner, J. E.; Khampang, P.; Erbe, C. B.; Kolker, A.; Cioffi, J. A. 
Mucin Gene 19 (MUC19) Expression and Response to Inflam-
matory Cytokines in Middle Ear Epithelium. Glycoconj. J. 2009, 26 
(9), 1275–1284. DOI: 10.1007/s10719-009-9245-x.

11.Felder, M.; Kapur, A.; Rakhmilevich, A. L.; Qu, X.; Sondel, P. M.; 
Gillies, S. D.; Connor, J.; Patankar, M. S. MUC16 Suppresses Hu-
man and Murine Innate Immune Responses. Gynecol. Oncol. 2019, 
152 (3), 618–628. DOI: 10.1016/j.ygyno.2018.12.023.

12.Resta-Lenert, S.; Das, S.; Batra, S. K.; Ho, S. B. Muc17 Protects 
Intestinal Epithelial Cells from Enteroinvasive E. Coli Infection 
by Promoting Epithelial Barrier Integrity. Am. J. Physiol. Gastro-
intest. Liver Physiol. 2011, 300 (6), G1144-55. DOI: 10.1152/
ajpgi.00138.2010.

13.Dong, X.; Leksa, N. C.; Chhabra, E. S.; Arndt, J. W.; Lu, Q.; 
Knockenhauer, K. E.; Peters, R. T.; Springer, T. A. The von Wille-
brand Factor D’D3 Assembly and Structural Principles for Factor 
VIII Binding and Concatemer Biogenesis. Blood 2019, 133 (14), 
1523–1533. DOI: 10.1182/blood-2018-10-876300.

14.Qiu, Z.; Wang, L.; Liu, H. Hsa_circ_0001982 Promotes the Pro-
gression of Breast Cancer through MiR-1287-5p/MUC19 Axis 
under Hypoxia. World J. Surg. Oncol. 2021, 19 (1), 161. DOI: 
10.1186/s12957-021-02273-8. 

15.Qiu, Z.; Wang, L.; Liu, H. Hsa_circ_0001982 Promotes the Pro-
gression of Breast Cancer through miR-1287-5p/MUC19 Axis 
under Hypoxia. World J. Surg. Oncol. 2021, 19 (1), 161. https://doi.
org/10.1186/s12957-021-02273-8.

�   Author
Abdallah, an Islamic Educational College Junior, is deeply 

interested in Biology and Biochemistry. He has approached 
biology and biochemistry as a passion and is eager to learn 
more than the textbook offers. Through taking the advanced 
placement class for Biology this year, he has gained a solid 
and deep understanding of what Biology and Biochemistry 
offer. He is willing to build upon his pre-existing knowledge 
by sharing what he has learned with other professors and phy-
sicians and learning more from them. He is inclined towards 
Biology/Pre-med.

each). This is significant, considering the cerebral cortex is the 
most common site for glioblastoma occurrence. The correla-
tion between MUC19 expression in the cerebral cortex and 
the high incidence of glioblastoma in this region may offer 
insights into the pathogenesis of the disease and potential 
therapeutic targets. These findings pave the way for further re-
search into the genetic drivers of glioblastoma and underscore 
the potential of targeted therapies that address these specific 
genetic alterations.

The limitation of this study is that only glioblastoma 
patients' genomic information was analyzed. Therefore, addi-
tional wet lab experiments must be performed in the future. 
Another limitation would be that gene network analysis was 
performed only using the GeneMANIA database. The gene 
network analysis has to be performed again with a different 
database to validate our results. Finally, we do not investigate 
the molecular mechanism of how alterations in MUCIN genes 
affect patient survival. Therefore, further experiments should 
be performed to analyze the function of MUCIN genes on 
glioblastoma development.

�   Acknowledgments 
I want to thank Professor Woo Rin Lee (University of 

Suwon) for guiding me through this project, preparing this 
write-up, and providing insight into Glioblastoma.

�   References
1. Wirsching, H.-G.; Galanis, E.; Weller, M. Glioblastoma. Handb. 

Clin. Neurol. 2016, 134, 381–397. DOI: 10.1016/B978-0-12-
802997-8.00023-2.

2. Posti, J. P.; Bori, M.; Kauko, T.; Sankinen, M.; Nordberg, J.; Rahi, 
M.; Frantzén, J.; Vuorinen, V.; Sipilä, J. O. T. Presenting Symp-
toms of Glioma in Adults. Acta Neurol. Scand. 2015, 131 (2), 88–93. 
DOI: 10.1111/ane.12285.

3. Yoshikawa, M. H.; Rabelo, N. N.; Telles, J. P. M.; Figueiredo, E. G. 
Modifiable Risk Factors for Glioblastoma: A Systematic Re-
view and Meta-Analysis. Neurosurg. Rev. 2023, 46 (1), 143. DOI: 
10.1007/s10143-023-02051-y.

4. Gregucci, F.; Surgo, A.; Bonaparte, I.; Laera, L.; Ciliberti, M. P.; 
Carbonara, R.; Gentile, M. A.; Giraldi, D.; Calbi, R.; Caliandro, 
M.; Sasso, N.; D’Oria, S.; Somma, C.; Martinelli, G.; Surico, G.; 
Lombardi, G.; Fiorentino, A. Poor-Prognosis Patients Affect-
ed by Glioblastoma: Retrospective Study of Hypofractionated 
Radiotherapy with Simultaneous Integrated Boost and Concur-
rent/Adjuvant Temozolomide. J. Pers. Med. 2021, 11 (11). DOI: 
10.3390/jpm11111145.

5. Șerban, G.; Tămaș, F.; Bălașa, R.; Manu, D.; Tămaș, C.; Bălașa, A. 
Prognostic Factors of Survival in Glioblastoma Multiforme Pa-
tients-A Retrospective Study. Diagnostics (Basel) 2022, 12 (11). 
DOI: 10.3390/diagnostics12112630.

6. Milinkovic, V.; Bankovic, J.; Rakic, M.; Stankovic, T.; Skender-
Gazibara, M.; Ruzdijic, S.; Tanic, N. Identification of Novel Ge-
netic Alterations in Samples of Malignant Glioma Patients. PLoS 
ONE 2013, 8 (12), e82108. DOI: 10.1371/journal.pone.0082108.

7. Montella, L.; Cuomo, M.; Del Gaudio, N.; Buonaiuto, M.; Costa-
bile, D.; Visconti, R.; Di Risi, T.; Vinciguerra, R.; Trio, F.; Fer-
raro, S.; Bove, G.; Facchini, G.; Altucci, L.; Chiariotti, L.; Della 
Monica, R. Epigenetic Alterations in Glioblastomas: Diagnostic, 
Prognostic and Therapeutic Relevance. Int. J. Cancer 2023, 153 (3), 
476–488. DOI: 10.1002/ijc.34381.

DOI: 10.36838/v6i10.8

	 ijhighschoolresearch.org


