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ABSTRACT

Breast cancer is a prevalent mutation-caused disease that affects millions of people worldwide. One such gene
that is related to causing the cancer is GATA3. This gene is a regulator of t-cell development and is also involved
with causing luminal breast cancer when altered. The type of gene which GATA3 was never clear, displaying
both properties of an oncogene and a tumor suppressor gene. The TCGA dataset provided by the Cancer Ge-
nome Atlas program provides relevant data through the numerous patients who have submitted data in the
program. GATA3 has most of its mutations as truncation in both alleles with the X308_splice mutation. This
recessive property suggests it is a tumor suppressor gene. Other mutations like the M293, a missense mutation,
aren’t well researched but provide signs of being oncogenic. GATA# also initially increases survivability when
highly altered proposing it to be a tumor suppressor gene. The role of GATA3 is still not well defined but shows
most properties of a tumor suppressor gene.

Introduction

Breast cancer, a disease where cells in the breast grow out of control, is diagnosed in over 240,000 people and
kills over 42,000 women and 500 men every single year. [1] Being the most diagnosed cancer for women in
2023, and also casing the 4th most amount of deaths in types of cancer, breast cancer is prevalent in modern
society. [2] This cancer can develop from DNA damage and mutations increasing the familial risk of passing
down the disease. Breast cancer can be split into two different categories, invasive and non-invasive. [3] The
non-invasive type can be lobular carcinoma in situ (LCIS) and ductal carcinoma in situ (DCIS). LCIS is defined
as a breast change in the milk glands, or lobules. This change is usually the abnormal growth of cells within the
area. DCIS on the other hand is known as a non-invasive breast cancer or a precursor at stage 0. [4] In this
condition all the cells that are on the milk ducts have become cancer cells but have not yet spread to other tissue
in the area. If it is not treated it can usually spread and then form into an invasive cancer. Invasive cancer can
also be divided into groups, ductal and lobular types. Invasive ductal carcinoma accounts for up to 75% of all
breast cancers. This type originates in the lobules and spreads around to the other tissues. Invasive ductal cancer
tends to appear as a compound allowing it to be more present in mammograms and easier to diagnose. Invasive
lobular cancer tends to be in a more linear fashion, allowing it to escape being detected in mammograms or
even during physical inspection by doctors. This cancer accounts for 10% of all breast cancer.[5] This can
eventually develop to utilize lymph nodes in the body and the bloodstream to spread making it metastatic breast
cancer. [6] Breast cancer has been a focus of research for many, leasing to mass amounts of information already
being known about the cancer. One such topic of research has been causation as cancer is a gene-related disease.

Oncogene

One known oncogene in the field of cancer is GATA3. This gene belongs to the GATA family of transcription
factors and the protein contains two GATA-type zinc fingers which are regulators of t-cell development. [7] It
regulates the development, proliferation, and maintenance of T-cells and has also recently been discovered in
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lymphoid cells.[8] Gata3 is involved in many different signaling pathways were discovered with the tool String.
[9] It's involved with various other proteins such as FoxA1l which it is coexpressed with, LSB1, TALI1, and
others. Through these interactions, lots of research has been shown to prove GATA3’s implication in cancer,
breast cancer specifically. GATA3 is a marker in the luminal pattern of gene expression. This means that when
GATAZ3 is altercated it causes luminal breast cancer which means the cells that are lined along the mammary
gland are affected. If it is not expressed then there is invasive growth and a low chance of recovery for the
disease. Two properties of GATA3 cause this. The first is that it participates within a positive feedback loop
with the gene ER alpha and the GATAS3 gene turns on the estrogen receptor gene which creates estrogen. This
then binds to the actual Estrogen Receptor A which causes an overgrowth in the cells. The next is the features
that the altercation of this gene causes are related to poor prognosis. It interrupts the cell's routing of undergoing
epithelial-to-mesenchymal transition (EMT) and metastasis. [10] GATA3 also displays many hallmarks of
cancer including proliferative signaling, escaped programmed cell death, suppressed cell growth, and more.
The most noticeable ones are overexpression-causing murine in breast cancer. Other traits displayed by the gene
are its homozygous deletion relating to the apoptosis in cells of mice. These properties root it as an even more
important gene in cancer displaying many properties as an oncogene. [11]

Tools

CBioPortal

An analysis of the gene GATAS3 can be done using the mass amounts of data already produced. However many
tools need to be used in order to interpret all this data. One such important tool is the cBioPortal for Cancer
Genomics repository. It was used to analyze the multi-omics data that was provided by the Cancer Genome
Atlas, also known as TCGA Pancancer. It was created to make larger cancer genomics datasets more digestible
for the cancer research community. [12] It contains over 5,000 tumor samples from over 20 datasets on cancer
genomics.
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Figure 1. Representation of the location of gene GATAS3 in the cell

UCSC Genome Browser
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Another tool is the UCSC Genome Browser which displays portions of the genome in a visual manner. [13] Its
data collection, or tracks and annotations, are endless and constantly updated to reflect connections that have
been made. [14] The visualization of the DNA has been expanded with the BLAT and PCR tools.

Analysis

In Figure 1, the location of GATA3 is displayed as it is only found in the nucleoplasm. This location is where
all the suspended DNA and RNA are located in the nucleus. The location suggests that it is mainly involved in
the transcription, repair, modification, and development of DNA in the cell. [15] The gene is located on chro-
mosome 10 at p14 and starts at position 8,054,688 and ends at position 8,075,198. The length of the gene is
20,511 base pairs. This gene contains 55 somatic mutations which were mostly in exons 5 and 6. Mutations can
be grouped into 3 categories: splice site mutations at the exon 4/5 junction and the exon 5/6 junction, frameshift

mutations in exon 6, and frameshift mutations in zinc finger 2. [16]

GATAS3 has been profiled in the TCGA dataset accessible through cBioPortal. With it, 13% of patients
had the amplification of the Gata3 which included missense mutations, truncating mutations, and splice muta-
tions. The missense mutation means that the amino acid sequence was changed due to an alteration of the
encoding which creates a whole different protein. Truncating mutations simply represent the shortening of the
sequence of genes cutting off a part of the sequence which typically has large effects on the transcription of the
protein. Lastly, the splice mutations which are insertions or deletions of nucleotide at a specific site in the DNA.

In Figure 2, the types of cancer are detailed and in the TCGA database. With the chart detailed, GATA3
is only present in breast cancer with 13% mutations as discussed before. However, breast cancer, it was most
mutated in the mixed ductal and lobular carcinoma type of cancer. This type of cancer is still a grey area in the
field of cancer research being stated as displaying symptoms of both subtypes of cancer. It displays at least 10%
as ductal and over 50% as the lobular part of the tumor. [17] The other types of cancer, ranging from highest
frequency to lowest, are invasive ductal carcinoma, metaplastic, invasive mixed mucinous carcinoma, and ILC.
Two types that stand out as uncommon within the general scheme of breast cancer are metaplastic breast cancer
and mixed mucinous breast cancer. Metaplastic breast cancer accounts for less than 1% of all breast cancers
therefore reflecting the minute amounts of research that has been done on it. This is immune to most drugs
because of its lack of estrogen receptors and progesterone receptors. [18] Mucinous carcinoma are cancer cells
in mucin, the main component of mucus which means the mucus is now involved with the tumour. [19]

GATA3 is moderately mutated in the data on cBioPortal and this lollipop plot shows the difference in
the mutations.
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Figure 2. Pan-Cancer analysis of the gene GATa3 modeling cancer types and subtypes of cancer where GATA3
is expressed

The lollipop plot is a resource from cBioPortal’s mutation mapper which displayed how prevalent cer-
tain mutations are on a gene. This helps to decipher how widespread certain mutations are and their type of
mutations. [20] In Figure 3, the two zinc fingers are displayed for GATA3 with their stop and start also labeled
on the x- axis which represents the position on the protein. Furthermore, the y axis represents the number of
patients within the study that have displayed a mutation of the genes on the lollipop plot. For GATA3 there are
two hotspots on the gene, M293 and R364, both of which are missense mutations. Even though the most repeated
mutations are missense, a majority of mutations for the GATA3 are truncating mutations. The M293 mutation
has not shown a clear effect on the gene and but it is likely to be oncogenic. [21] The same applies with the
mutation R364 which has been proven to be repeating but the definitive result has not been yet researched. [21]
The mutation with the most prevalence is a splice mutation also noted as X308_splice. A splice mutation means
that the actual cause of the mutation is unknown, like if it is an insertion, deletion, etc. As stated previously, the
most common type of mutation was truncation mutations which are in the range of 308 to 443. These mutations
occur on the c-terminal location of GATA3 and are thus responsible for the production of functional proteins.
These mutations have been heavily linked to the prognosis of breast cancer. Specifically, the truncations have
been linked with causing increased tumor growth, upregulation of genes of peptidyl-tyrosine modification and
epithelial-to-mesenchymal transition. The increased tumor growth is an obvious contributor to breast cancer
suggesting that its an oncogene. Furthermore, the upregulation of genes for the peptidyl-tyrosine modification
means the mutation changes the expression of those genes that are involved with the tyrosine residues. These
changes can include a post-translational modification through phosphorylation which causes problems in the
cell-signlaing pathway solidifying its name as an oncogene. Lastly a loss of function, or mutation in GATA3
results in epithelial-to-mesenchymal transition (EMT). [22]
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Figure 3. is a lollipop plot of gene GATA3 describing the mutations on the gene.
Figure 4. Is a mRNA vs Copy number alterations plot also displaying types of mutations.
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Figure 5. GATA3 expression level related to the survival after a number of days.

mRNA vs CNA

Figure 4 displays a graph of the copy number alterations relation to the mRNA expression. First off copy num-
ber alterations are changes in the structure of the chromosome that result in the change of the DNA through
gain or loss. [23] Through the graph, it is visible that through the amplification of the gene there is a slight
reduction in the expression of mRNA. Most of the truncating mutations that were profiled to be heavily linked
to breast cancer can be found in the diploid category. This suggests that both alleles of the gene are experiencing
the mutation X308_splice. Because both alleles are affected, there is a more significant impact on cellular func-
tion as proteins will stop getting produced from that gene. There is no backup gene to still have the protein
created if one of the alleles are affected. Similarly, the shallow deletion and gain category both represent the
same amount of expression in the graph. Both types of mutations are small in context compared to an amplifi-
cation thus suggesting that they are similar in their loss of genetic material.

Figure 5 displays a Kaplan-Meir curve which shows the survivability of patients as time goes on
depending on how GATA3 is expressed. There are two graphs, one for a high expression of the gene, and one
for a lower expression of the gene. Clearly, the High expression of the gene leads to a lower survivability after
reaching approximately 2000 days. The steeper slope on the high expression of the gene relates to a higher
death rate suggesting that it has a worse survival than the control, low expression. The corresponding p-value
is high suggesting that this data is convincing and that the higher expression of the gene does lead to a higher
mortality rate. Since the p-value is high it is logical to assume that random chance did not play a factor in these
results and it is an accurate representation of the effect of expression on the gene. However, the initial surviva-
bility is better with high expression because of GATA3’s role in the cel. It needs to maintain the state of luminal
cells so with higher expression the tumor is initially less aggressive. Not much research has been done to find
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the reason for supposedly having more aggressive tumors after a period of 2000 days leading to lower survival
probability.

Conclusion

To solve the debate of oncogene or tumor suppressor, GATA3 has displayed many properties suggesting it is
on one side. Oncogenes are defined as genes that will change the cell when its expression or function is changed.
And the normal version of these genes, proto-oncogenes, perform regular functions that are vital to cell home-
ostasis. [24] GATA3 displays little to none of these properties declaring it as a tumor suppressor. As displayed
through relevant discussion, the presence of GATA3 inhibits the EMT process. This has also been supported
by its involvement with estrogen-receptor. [25] Furthermore, with the truncation of GATA3, the most common
mutation, there was an upregulation of genes that contribute to peptidyl-tyrosine modification further increasing
tumor size and growth. However, on the other hand, some properties, such as the missense mutation M293,
display oncogenic properties which may throw off the assertion that GATA3 is a tumor suppressor. Tumor
suppressor genes also require inactivation of both alleles to leave for any type of effect within the cell which is
common through deletion. [26] GATA3 displays these properties in the diploid mutation most of the mutations,
and truncations were found in that category. While there is no definitive role of GATA3 the signs strongly
imply its main role is as a tumor suppressor in breast cancer.
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