Texas Southern University

Digital Scholarship @ Texas Southern University

Theses (2016-Present) Theses

5-2024

Experimental Analysis Of Mybl1, Vcpip1 And Ubxn2b In Triple
Negative Breast Cancers

Fawaz Opeyemi Ibikunle
Texas Southern University

Follow this and additional works at: https://digitalscholarship.tsu.edu/theses

6‘ Part of the Biology Commons

Recommended Citation

Ibikunle, Fawaz Opeyemi, "Experimental Analysis Of Mybl1, Vcpip1 And Ubxn2b In Triple Negative Breast
Cancers" (2024). Theses (2016-Present). 72.

https://digitalscholarship.tsu.edu/theses/72

This Thesis is brought to you for free and open access by the Theses at Digital Scholarship @ Texas Southern
University. It has been accepted for inclusion in Theses (2016-Present) by an authorized administrator of Digital
Scholarship @ Texas Southern University. For more information, please contact haiying.li@tsu.edu.


https://digitalscholarship.tsu.edu/
https://digitalscholarship.tsu.edu/theses
https://digitalscholarship.tsu.edu/theses_all
https://digitalscholarship.tsu.edu/theses?utm_source=digitalscholarship.tsu.edu%2Ftheses%2F72&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/41?utm_source=digitalscholarship.tsu.edu%2Ftheses%2F72&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalscholarship.tsu.edu/theses/72?utm_source=digitalscholarship.tsu.edu%2Ftheses%2F72&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:haiying.li@tsu.edu

EXPERIMENTAL ANALYSIS OF MYBL1, VCPIP1 AND UBXN2B IN TRIPLE

NEGATIVE BREAST CANCERS

THESIS

Presented in Partial Fulfillment of the Requirements for
the Degree Master of Science in the Graduate School

of Texas Southern University

By
Fawaz Ibikunle B.S.,

Texas Southern University

2024

Approved by

Dr. Audrey Player

Chairperson, Thesis Committee

Dr. Mahesh Vanjani

Dean, The Graduate School



Approved by

Dr. Audrey Player

Chairperson, Thesis Committee

Dr. Shodimu-Emmanuel Olufemi

Committee Member

Dr. Ayodotun Sodipe

Committee Member

Dr. Tuan Phan

Committee Member

il

03/28/2024

Date

03/28/2024

Date

03/28/2024

Date

03/28/2024

Date



© Copyright Fawaz Ibikunle 2024

All Rights Reserved



EXPERIMENTAL ANALYSIS OF MYBL1, VCPIP1 AND UBXN2B IN TRIPLE

NEGATIVE BREAST CANCERS

By
Fawaz Ibikunle, M.S.
Texas Southern University, 2024

Professor Audrey Player, Ph.D., Advisor

The focus of our laboratory is to characterize triple negative breast cancers. In a
previous study we identified six genes over-expressed in a subset of the cancers. MYBL1
was one of the genes. MYBLI1 is a strong transcriptional activator responsible for
regulation of genes associated with cell cycle signaling, differentiation and apoptosis, all
processes that drive cancers. Because of MYBL1’s involvement in processes key to cancer
pathogenesis, in an earlier study, we knocked down the MYBL1 gene in efforts to identify
genes that were either directly or indirectly associating with the gene to affect the triple
negative breast cancer processes. The implication is that MYBLI, being a strong
transcriptional activator, can affect the cancer processes. Analyses of the knockdown
dataset show that when MYBLI is knocked down, the VCPIP1 gene is also knocked down.
Both MYBLI1 and VCPIP1 genes are located at the chromosomal 8q13.1 locus. And
bioinformatic analyses of pan cancers and breast cancers show some of the same patients
with MYBL1 alterations have VCPIP1 alterations, with almost complete concordance. The
precise nature of the alterations in TNBC has not been identified, but the alterations in cell
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lines lead to over-expression of the genes. Data mining via STRING™ analyses show high
confidence associations between MYBL1, VCPIP1 and another gene UBXN2B, which is
in a VCPIP1 mitotic signaling pathway. Although direct interactions have not been
identified, all three genes are involved in mitotic signaling mechanisms. As summary, the
current project describes bioinformatic and experimental data validating the possible
relationship between MYBL1 and VCPIP1, and possibly the UBXN2B gene. Our data
convincingly demonstrate an association between MYBL1 and VCPIP1 and we suspect

this association is related to cooperation between the genes in mitotic signaling events.
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CHAPTER 1

INTRODUCTION

Second to skin cancer, breast cancer is the most common type of cancer in women
in the United States (33). An average of about 240,000 women will be diagnosed with
breast cancer each year, and about 42,000 women will die from the disease (5). For some
breast cancer types, the incidence in women of African descent are higher compared to
Caucasian women (9). Data suggest this is in part due to socioeconomic factors related to
lack of access to healthcare and late-stage diagnoses, but other investigators attribute this
to possible genetic factors. There are studies that both support and dispute that racial
disparities are related to genetic parameters (9)(41). Aside from breast cancers in women,
men are also affected by breast cancer. Every year about 2100 men are diagnoses with
breast cancer and about 500 other (previously diagnosed) men will die from the disease
each year. The presentation of the disease and molecular characteristics are similar in
both men and women.

Breast cancers are characterized based on the molecular signatures defining the
disease and the pathological diagnoses. Prior to the 1990’s breast cancers were almost
exclusively characterized by pathology. After the development of research tools that
allowed for molecular characterization of cancer and other diseases, breast cancer was
defined by both molecular and pathological diagnoses. The section below will outline the

pathological diagnostic types of breast cancers (24) with reference to female breast



cancers, but even though the incidence of male breast cancers is rare, the same diagnostics

terms (based on histology) can be applied to male breast cancers.

Pathological Characterization of Breast Cancers

Ductal Carcinoma in Situ (DCIS): DCIS occurs in approximately 15% of
patients. The cells in DCIS form in the milk ducts are carcinoma, but they are in situ and
are non-invasive. The presence of DCIS is often considered a risk to develop invasive
cancers.

Lobular Carcinoma in Situ (LCIS): LCIS is a benign lobular neoplasia that
occurs in ~2% of patients. LCIS presents an abnormal cell growth in the milk glands
(lobules), and also consider a risk factor for development into invasive cancers.

Cribriform Carcinoma of the Breast: Cribriform cancers are rare invasive
cancers, which occur at a rate of 0.3-3% of breast cancers. Histologically, the cancers
appear normal-like, but also show cribriform-like configurations.

Inflammatory Breast Cancer (IBC): IBC occurs in 1-5% of breast cancer
patients. IBC is a rare, invasive and often deadly form of breast cancer. Most cancers are
present as a lump, but IBC cancers grow in sheets, which makes it difficult to remove and
treat.

Invasive Ductal Carcinoma (IDC): IDC is the most common kind of breast
cancer, occurring at approximately 60-70% of breast cancers in the patient’s milk ducts.
There are treatment options for cancers but like any cancer, if they are diagnosed in late
stages, they can be deadly.

Invasive Lobular Carcinoma (ILC): ILC cancers occur in approximately 15% of

patients. Cancers are invasive and originate in the lobules of the breast.



Mucinous Carcinoma of the Breast: Mucinous Cancer is a rare cancer occurring
in ~2% of breast cancers forming in the patient’s milk ducts. The cancers are
characterized by over-expression of the high molecular weight mucin glycoprotein. They
are often referred to as “floating in a pool of mucin”.

Medullary Carcinoma of the Breast: Medullary carcinomas occur in around 3%
of breast cancer patients. the cancers are shiny in appearance, with brain-medulla-like
features. The cancers are basically triple negative breast cancers.

Papillary Carcinoma of the Breast: Papillary cancers are rare invasive cancers
that occur in approximately 1% of breast cancer patients. The cancers appear like small
finger-like projections or papules and well-defined borders.

Paget’s Disease of the Nipple: Paget’s disease occurs in ~ 1-4% of breast cancers.
Paget’s disease looks like dermatitis with eczema-like features in regions around the nipple
are flaky. Cancers are frequently misdiagnosed as eczema.

Phyllodes Tumors of the Breast: Phyllodes cancers occur in less than 1% of
breast cancer patients. They appear as leaf-like structures and are thought to originate in
stromal breast cells.

Tubular Carcinoma of the Breast (TBC): Tubular breast cancer is invasive
ductal cancers that affect approximately 2% of breast cancer patients. The cancer appears

like tube-like structures.

Molecular Characterization of Breast Cancers:
Although we often refer to breast cancer as though it were a single disease, breast
cancers are extremely heterogenous as noted by the pathological descriptions summarized

above. Based on molecular studies there are at least 5 molecular subtypes of breast cancer



and within the individual subtypes there are subcategory distinctions (40). The subtypes
are characterized based on molecular signatures and the ability to cluster based on their
expression profiles. The more similar the transcriptomes, the closer samples ‘cluster’
following analyses (further explained below). The five breast cancer subtypes are classified
as Luminal A, Luminal B, HER2-like, Triple negative breast cancers (TNBC) /Basal-like

and Normal-like (Figure 1).

Luminal A (~40%)
HR+ (ER+ and/or PR+), HER2-

Normal-like (~2-8%)
HR+ (ER+ and/or PR+), HERZ-

Luminal B (~20%)
HR+ (ER+ and/or PR+), HER2+/-

Receptors

HR: Hormone

ER: Estrogen

PR: Progesterone
HER2

HER2-enriched (~10-15%)
HER2+

Triple Negative (~15-20%)

HR- (ER-, PR-), HER2-

Figure 1:  Molecular Classification of the 5 Breast Cancer Subtypes (2)

(a) Luminal A occurs in about 40% of women diagnosed and are positive for
estrogen and progesterone receptor genes and HER2 negative.

(b) Luminal B occurs in about 20% of women diagnosed and positive for
estrogen and progesterone and +/- HER2 expression.

(c) HER?2 over-expressed occurs in about 10-15% of women diagnosed and
are positive for over-expression of HER2 gene.

(d) Triple negative breast occurs in about 15% of women diagnosed and are
negative for estrogen receptor, progesterone receptor and HER2. and

(e) Normal-like occurs in about 2-8% of women and positive for estrogen
receptor and progesterone receptor and HER2 negative.

The breast cancers in Figure 1 are ranked top to bottom, from good-to-poor

prognoses. Luminal A and Normal-like breast cancers have more favorable prognoses



while TNBCs patients have the poorest disease prognoses. Data show that the Luminal
breast cancers likely originate from progenitor cells lining the lumen constituting the inner
layer of the ducts, and the TNBC/Basal-like cancers likely originate from progenitor cells
on the underside of the luminal cells nearer the basement membrane of the ducts (3) (Figure

2;2)

Adlpose tissue
Fatty connective tissue
Rib

Muscle
Intercostal muscle .-
Lobule
Duct -

Luminal
epithelial
cell

Collecting duct Basal
Areola myoepithelial cell

Figure 2: Diagram of Breast Tissue to Demonstrate the Location of the Cancer
Progenitor Cells (14)

Gene Expression Microarray Analyses Used for Classification of Breast Cancers
The molecular characterization of the breast cancers described above was
accomplished using DNA microarrays. The use of DNA microarrays has been instrumental
in characterizing cancers and all types of diseases. As a summary of the technique, for gene
transcriptome expression analyses (a) mRNA is reverse transcribed to first strand (cDNA)
and then second strand DNA (b) antisense RNA generated from this material is biotin-
labeled, fragmented and utilized to hybridize to a high through-put DNA microarray gene-
chip. The microarray gene-chip contains sense material corresponding to the transcriptome

(i.e., all of the transcripts) sequences generated from a particular cell type/sample. That



way the transcriptomes for particular cancer types can be compared. If after analyses the
transcriptome profiles ‘cluster together’ (i.e., look similar with respect to gene expression
patterns), one can assume the sample-types are similar or demonstrate some relationship
based on their signaling pathways. See the example profile in Figure 3. The same approach
is used to characterize all diseases. Analyses of breast cancers and every other disease can
be done using DNA microarrays. The example in Figure 3 is a partial snapshot of what the
microarray data looks like following computer analyses. In this example there are about
150 patients examined (across the top), displaying the gene expression pattern of about 32
genes (as columns). Genes with green colors represent over-expression and genes with red
colors indicate under-expression of the gene in the samples. The actual DNA microarray
gene-chip contains the sense sequences corresponding to ‘all of the known gene transcripts’
deposited at the National Center for Biotechnology Information (NCBI), not just 32 gene
transcripts as used in the example. The final dataset can contain anywhere from 56,000 to
200,000 data points. These data can only be processed, and the data interpreted with the
assistance of computer analyses. Note that different sample types will result in distinct
patterns of expression (i.e., red/green; decreased/increased gene expression levels). And
the genes defining this condition or sample type can easily be retrieved following data
cluster-analyses. The computer program will automatically cluster patients and genes with

similar patterns.
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Figure 3: Example of the Microarray Cluster Analyses Method Utilized to
Identify Breast Subtypes and Identify Therapeutic Biomarkers for
Patient Care (7).

Introduction to the Research Approach for the Current Study

Our laboratory focuses on studies of TNBC. TNBC are negative for the three genes
estrogen receptor (ER), progesterone receptor (PR), and HER?2 also called ERBB2 (-v-erb-
b2 erythroblastic leukemia viral oncogene homolog 2). TNBC are invasive cancers with
poor 5-year survival and are more likely to metastasize than some other breast cancer
subtypes. Compared to receptor positive breast cancers, there are not many effective drug

therapies for TNBC. There are effective drug therapies for breast cancers that are positive



for the receptors, partly contributing to their improved survival. Because of this, many
investigators, including our laboratory, are further characterizing the TNBC with the goal
of eventually identifying reliable biomarkers that can be examined for their possible
therapeutic potential. For many of our gene screening protocols we utilize non-tumor triple
negative cell lines compared to tumor TNBC cell lines.

The microarray gene expression procedure described in the section above can be
used for a myriad of applications. It is the main platform utilized in our laboratory for
characterizing the transcriptome of TNBC and subsequent gene discovery. In an earlier
study we identified MYBLI transcripts as over-expressed in TNBC samples compared to
a non-tumor triple negative breast sample and some luminal breast cancer cell lines, and
clinical patient samples using microarrays (1)(25). MYBL1 gene is a strong transcriptional
activator which is involved in key processes associated with cancer progression, so a
decision was made to further characterize the gene in TNBC with the expectation the gene
contributes to the cancer genotype. Our approach was to knockdown MYBLI1 gene, and
because it regulates other genes, we looked for genes that were either directly or indirectly
affected by the knockdown process (25). When MYBL1 was knocked down in a TNBC
cell line VCPIP1 gene was also downregulated. Both genes are located at chromosome
8q13.1 locus, are involved in mitotic signaling and show consistent co-expression pattern
in many of the same TNBC cell lines and patient samples. The genes demonstrate a similar
pattern of mRNA and protein expression in cell lines. When clinical TNBC patient samples
were analyzed, MYBL1 and VCPIP1 had alterations (i.e., including different types of
mutations including homozygous and heterozygous deletions, missense mutations and

RNA and protein over-expression) in the same patient samples with complete concordance.



The current study demonstrates bioinformatic data supporting the relationship between
MYBLI1 and VCPIP1 in different TNBC samples and presents experimental data validating
the co-expression pattern of the genes in TNBC cell line preparations. The VCPIP1 gene
is specifically involved in Ubiquitin-dependent Protein Degradation at the Endoplasmic
Reticulum signaling pathway which also includes UBXN2B and several other genes. We
examine gene expression of these genes as well in TNBC. This data are unclear but the co-

ordinate expression between MYBL1 and VCPIP1 appears far more consistent.



CHAPTER 2

LITERARY REVIEW

Background Information Concerning the MYB Family of Genes

The human MYB family of genes includes 3 family members, c-MYB, MYBLI
and MYBL2. The genes were discovered based on their similarity and cellular homolog to
the v-myb oncogene carried by avian leukemia viruses avian myeloblastosis virus and E26
(9)(38). The c-MYB gene was discovered first following screening of sequence similarities
of the bird cDNA library, while MYBL1 and MYBL2 were identified based on their
extensive sequence similarity to c-MYB (1)(7). The three genes are expressed in different
cell types, where they have been found to have both similar and different regulatory
functions. The c-MYB is overexpressed in immature hemopoietic cells and data suggest it
is important for maintaining the proliferative state of the progenitor cells (18)(37). In
addition, c-MYB and MYBL2 and both expressed in a wide range of cell types, while
MYBLI is found in testis, monocytes and cerebrospinal fluids (34). Ruston et al (28)(29)
demonstrated that based on their programmed signatures and microenvironment, the same
gene could perform a different function in different cell types. Considered together, these
data suggest a major role of the MYB family of genes in normal cells. More recently genes

have been studied and shown to be involved in a variety of different cancers.
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The human MYB family of genes share approximately 90% similarity at their
5’prime DNA binding domain (DBD) regions (17)(43). The DBD is a highly conserved
helix-turn-helix (HTH) domain DNA binding sequence at the N-terminus of the gene. The
DBD includes the SANT domain (Figure 4), named because it binds SW13, ADA2, N-
CoR and TFIIIB genes which binds proteins with MYB-like G-C rich motifs. The SANT
domain is a DNA-chromatin recognition sequence involved in transcriptional regulation.
Similarity in the DBDs of the MYB genes suggest the genes can interact with and regulate
some of the same genes. c-MYB, MYBLI1 and MYBL2 also share homology in a
transactivation domain and the negative regulatory domain. There is less homology in these
regions which could account for the differential expression of the genes in different types
of cells, via interaction with different transcription factors, co-activators. Differences
related to the negative regulator region likely account for the differential expression in
different types of cells as well. Utilizing recombinant adenovirus Rushton, Ness and Davis
(23)(28)(29) showed that c-MYB, MYBL1 and MYBL2 could regulate some of the same
genes and each could regulate a unique set of genes, validating the similarity and specificity

of their gene functions.

DNA Binding Trans-Activation  Negative Regulation

Domain Domain Domain
My N{  |RifR2|R3| - |FaETH |TPTPF] [EVES tc
DBD TAD NRD

awpo ] [T [ | E5
sve N ] T [ | |c

Figure 4: Diagram Demonstrating the Similarity between MYB Gene Family (15)
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Review of Processes Related to Gene Expression of MYBL I- Involvement in Cell Cycle

The current project focuses on characterizing the MYBL1 gene. MYBLI is a
protooncogene with substantial data validating its involvement in cell cycle regulation and
proliferation, differentiation, and apoptosis. MYBLI is not as well characterized as c-MYB
and MYBL2 and does not appear expressed as many cell types. Other studies show
MYBLI is associated with early-stages spermatozoa progenitor cells. And other studies
show the gene is a master regulator of meiosis in spermatocytes (4). Related to the cell
cycle, Ziebold and Klempnauer (45) showed that the highest levels of MYBLI1 are
observed in late G1 and early S-phases of the cell cycle. Their data suggest the gene serves
as a cell cycle sensor regulated by signaling processes in the cell cycle. Their hypothesis
was that cyclin dependent kinases might act to phosphorylate MYBL1 via the carboxy-
terminal regulatory region of the gene. Other data show MYBLI1 gene is a component of
the DREAM complex, which functions to regulate cell cycle-dependent genes (30).
DREAM stands for the dimerization partner RB-Like, E2F and multi-vulval class B (30).
The DREAM complex consists of the E2F4, E2F5, LIN9, LIN37, LIN52, LIN54, MYBL1,
MYBL2, RBL1, RBL2, RBBP4, TFDP1 and TFDP2 proteins (30). The genes interact at
various combinations to regulate the cell cycle. Consistent with document studies, in our
studies we frequently find E2F4, LIN37 and TFDP2, MYBL2 and coordinately

differentially expressed with MYBLI1 in TNBC.

MYBLI and Role in Tumor in Various Organs and Cell Types
Less is known about the MYBL1 gene compared to c-MYB and MYBL2. Until a
few years ago c-MYB was considered a promising target for treatment of luminal breast

cancers. Small molecules were being designed to target luminal cancers many of which
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express high levels of the genes. Modifications to the carboxy-terminal region of the
protein are implicated in tumorigenesis. As for MYBLI1, the gene is involved in
mechanisms shown to be key to the progression of cancers, including involvement in cell
cycle processes and differentiation which are hallmarks of tumor progressions. We suspect
the gene is involved in early tumor pathogenesis. MYBLI1 gene is over-expressed in low
grade glioma (32) and genomic alterations in breast adenoid cystic carcinomas which are
a rare triple negative breast cancer (20). In the adenoid cystic carcinomas, gene fusions
between MYBL1 and ACTNI or MYBLI1 and NFIB genes are suspected of leading to
MYBLI1 overexpression. And in salivary gland carcinomas gene fusions between MYBLI1
and NFIB are thought to contribute to the cancers (11). Recent studies suggest MYBL1
can serve as an immunotherapy biomarker in clear cell renal cell carcinoma (6). These data
are consistent with our studies in that MYBL1 was initially identified as differentially
expressed in TNBC over-expressing the 1L32 pro-inflammatory cytokine. MYBLI1 gene
is a strong transcriptional activator. A recent study shows MYBL1 binds to the ANGPT2
promoter region and activates tumor angiogenesis in hepatocellular carcinoma (44). Other
than dysregulations related to gene fusions, the precise role of the gene in many of the

tumorigenic processes has not been determined.

Background Describing Our ldentification of MYBL1 Expression in TNBC

We identified MYBL1 as one of six genes over-expressed in TNBC cell lines and
patient samples that over-express the IL32 cytokine gene (25). Two of the genes identified
by our analyses were previously identified as biomarkers for TNBC and 4 genes (including
MYBLI1) were identified as novel by our laboratory. The analyses were based on use of an

unsupervised high-throughput analyses of thousands of patient samples and hundreds of



14

cell lines including non-tumor triple negative, the five different breast cancer subtypes and
various subcategories of TNBCs. All of the samples utilized in that study were previously
processed (by other investigators) using the Affymetrix DNA microarray. The samples
were obtained primarily from the NCBI Gene Expression Omnibus (GEO). Data show
MYBLI1 gene consistently over-expressed in a subset of TNBC cell lines and patient
samples (Player et al 2024 in press). Because MYBLI is a strong transcriptional activator
and regulates a host of genes, is consistently differentially over-expressed in a subcategory
of TNBC cell lines and patient samples, and regulates other key genes important for
cancers, we made the decision to further characterize the gene. That is the focus of the

current project.

Experimental Approach to Study MYBL1 Gene in TNBC

For the past few years our laboratory has focused on attempting to better understand
the role that MYBL1 might play in TNBC. The gene is a strong transcriptional activator
previously shown to be involved in key cancer signaling processes. So, the expectation is
that the gene also plays a role in TNBC pathogenesis. Our goal is to characterize the gene
in breast cancers. We understand that there are many questions to address, but because the
gene is a strong transcriptional activator and likely contributes to the genotype and
signaling events in TNBC, we sought to define genes that associate with MYBL1 in these
cancers. Our approach was to utilize the lentiviral ShRNA targeted knockdown procedure
to silence the MYBL1 gene and define genes affected by the knockdown process. As a
summary, we (a) silenced MYBLI in TNBC cells (b) compared the transcriptome to
shRNA control compared to the shRNA MYBL1 knock down and identified differentially

expressed genes using the free-online TAC4 software (c) we then utilized CHipXpress to
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determine which transcription factors were enriched during the knockdown process. As
expected, genes regulated by MYBLI1, MYBL2 and MYC transcription factors were
enriched in the differentially expressed gene dataset, validating the role of these
transcription factors in the knockdown process. We then (d) examined the dataset using the
WebGestalt (42) and Pantherdb Gene-set enrichment (21) programs to identify enriched
signaling pathway, compartment and other enrichment gene-sets associated with the
candidate dataset. As expected, cell cycle signaling and proliferation markers, cancer
biomarkers, differentiation and cell death signatures were affected by MYBLI1 silencing in
the TNBC cells. Cell cycle signaling and proliferation genes were substantially enriched
compared to other signaling mechanisms and biomarkers. As validation of our approach
and analyses, many of the genes affected by the process were previously defined, but a
substantial number of novel candidate genes were also identified. Previous studies suggest
(but did not directly show) that MYBL1, MYBL2 and MYC genes are coordinately
regulated. Our data clearly demonstrate that when MYBL1 is knocked down, MYBL?2 and
MY C genes are downregulated, validating previous observations suggesting a relationship
between the 3 genes. The current study will focus on MYBL1 gene and two of the novel

genes identified.

Experimental Outline for the Current Study

Following analyses of the knockdown dataset we find that MYBL1 and VCPIP1
appear to be coordinately expressed in some of the same TNBC cell lines and patient
samples. Both are downregulated with MYBL1 knockdown, and both are dysregulated in
the exact same patient samples. This data was first observed after analysis of a small

number of clinical patient samples. The current study represents analyses of additional
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TNBC cell lines, additional patient samples and analysis of different kinds of alterations
including deletions, expression, missense mutations et al in TNBC patient samples. Both
MYBLI1 and VCPIP1 genes are located at the chromosome 8q13.1 locus. This could be
coincidental, but it might also represent a deletion ‘hot spot’. In addition, bioinformatic
analyses show MYBLI binding site in the VCPIP1 promoter region suggesting MYBLI
can regulate expression of the gene. We also consider the possibility that both genes are
involved in the same signaling pathway. The MYBL1 has been documented to be involved
in cell cycle signaling, proliferation and drive genes at the mitosis-to-meiosis transition
(19). While VCPIP1 gene is involved in ubiquitination processes and a key gene involved
in the assembly of Golgi and Endoplasmic reticular during p97/p47-mediated membrane
fusion events related to mitosis. Our hypothesis is that at some juncture the MYBL1 and
VCPIP1 genes are involved in the same signaling pathways, be it mitotic and/or cell
proliferation. A VCPIP1 signaling pathway has been defined (38). As part of the current
study we perform expression analyses of several of these genes to determine their
dysregulation in TNBC. One of these genes is the UBXN2B gene. In addition,
bioinformatic analyses show MYBLI1 binding site in the VCPIP1 promoter region
suggesting MYBLI1 can regulate expression of the gene. Considered together these data

support explanations for co-expression of MYBL1 and VCPIP1 genes.

Summary Description of MYBL1 Gene
We described the MYBL1 gene in the sections above. MYBL1 was the target of

the knockdown process in the MDA-MB-231 TNBC cell line. The gene is located at

position 8ql13.1 chromosomal locus. And it is a strong transcription activator and
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protooncogene involved in cell differentiation, proliferation and apoptosis related signaling

events.

Summary description of VCIP1 gene

VCPIPI is a key gene involved in the assembly of Golgi and Endoplasmic reticular
during p97/p47-mediated membrane fusion events related to mitosis. VCPIP1, initially
named VCPIP135 (valosin containing protein [VCP][p97]/p47 complex-interacting
protein, p135) binds to the p97/p47/syntaxin5 complex during mitosis and is necessary for
p97 (VCP)-mediated reassembly of the Golgi stacks after similarity (35). VCPIP1 is also
involved in ATM or ATR DNA repair events related to targeting DNA-protein cross-links

and deubiquitinating events.

Summary Description of UBXN2B Gene

The UBXN2B gene is located at chromosome region 8ql2.1 in a region near
MYBLI1 and VCPIP1 genes. The gene was not affected by the knockdown of MYBL1 gene
suggesting neither direct of indirect regulation by MYBL1. UBXN2B is required for Golgi
and endoplasmic reticulum development. The gene is also involved in maintenance of the
Golgi and endoplasmic reticulum during mitosis. There is evidence that the VCPIP1 and

UBXN2B genes are part of a scaffolding complex formed during mitosis (19).



CHAPTER 3

DESIGN OF THE STUDY

Cell Lines and Patient Datasets

Cell lines utilized in this study were purchased from the American Type Culture
Collection (ATCC®) atcc.org. The MCF10A cell line was a non-tumor triple negative cell
line. The Hs 578T and MDA-MB-231 cell lines were triple negative breast cancer cell
lines. For screening purposes, the MCF7 luminal cell line was utilized. The cell lines were
maintained according to the recommendation of ATCC.org. The cells were grown in T75
tissue culture dishes and fed twice weekly with Dulbecco’s Modified Eagle Minimum
essential media (DMEM) supplemented with 1% penicillin and 10% serum and incubated
in a 37°C incubator with an additional 5% CO,. The cells were grown to ~80% confluent
and then typsinized using a 0.25% trypsin solution for sub-culturing or until utilized for
experiments.

The patient datasets were available on the cbioPortal.org online database (6).
Approximately 13,800 pan cancer patient samples and 2700 breast cancer patient samples

were interrogated based on gene expression analyses using cBioPortal analyses resources.

Ribonucleic acid (RNA) Isolation
Cell lines in this study were grown to approximately 90% confluency in T75 dishes
and RNA was extracted using a 1 mL Trizol solution. Trizol extraction was performed as

suggested by the manufacturer (Thermo-Fisher Scientific, Norristown, PA). As summary
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of the protocol, 200ul of chloroform was added to the Trizol/cell preparation. The
suspension was mixed followed by centrifuged at 9,000 revolutions per minute for
separation of the total RNA. The top RNA layer was placed into a clean tube with 500 pL
0f 95% ethanol and stored at -20°C for 30 minutes. The RNA preparation was collected by
centrifugation for 30 minutes at 9,000 RPM. The RNA pellet was desiccated, resuspended
in ~20 pL of clean water. A 10 uL aliquot of the RNA preparation was removed for
A260/280 analyses and RNA gel electrophoresis. The gel was prepared by adding 1 gram
of agarose to a 1x solution of 3-(N-morpholino) propane sulfonic acid (MOPs) buffer, 2
uL of 7% formaldehyde and 2 pL of ethidium bromide. Samples displaying intact 28S/18S

profiles and A260/280 ratios of 1.8-2.0 were used for the downstream studies.

Generating Complementary DNA (¢cDNA)

The 1Script cDNA kit from Bio-Rad (Bio-Rad, Hercules CA, USA) was used for
conversion of mRNA to cDNA. The components and volumes utilized for cDNA
conversion were performed as suggested by BioRad company. As summary, 20 uLL mixture
containing 5x iScript buffer, reverse transcriptase, random hexamers, total RNA (10ul), the
Oligo dT mixture, deoxyribonucleic triphosphate acids (AINTPs) and water was placed at
45°C for an hour. The reverse transcriptase enzyme was deactivated by heating the samples
at 85°C for 1 minute. The mixture was chilled and 80 pL of water was added. This mixture
was considered cDNA and was stored at —20°C until it was utilized for polymerase chain

reactions (PCR) or -80 degrees for long term storage.
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Generating PCR Gene Primer Sets

The primer 3™

(27) program (http://bioinfo.ut.ee/primer3-0.4.0/ ) was used to
generate primers to detect the target genes. The sequences for only 4 final candidate genes:
GAPDH (control), VCPIP1, UBXN2B and MYBLI are given in this document (see
below). The other genes were processed as above but their experimental results were not
reproducible, so the genes were not considered reliable, thus not considered as candidate

genes. Affymetrix NetAffx was used to obtain the nucleotide sequences of our target genes

(http://www.affymetrix.com/estore/analysis/index.affx) (you must be a registered used to

access the Affymetrix / Thermo-Fisher Scientific webpage where the probe-set sequences
are deposited). Primer sets generated using Primer3 program were further analyzed using
the Genome Browser tools available on the University of California Santa Cruz website

(https://genome.ucsc.edu/) using the In-silico PCR analyses program. The primer-sets were

synthesized by IDTDNA.com (Coralville Iowa, USA), manufactured, then shipped to
Texas Southern University within 24-48 hours of purchase. Primer sets for the target genes
analyzed in this study were generated and used for analysis of breast cell line samples.

Primer sequences for the genes demonstrating reproducible results in this study are given

in Table 1.
Table 1: PCR Primer Sequences

LEFT RIGHT AMPLICON SIZE
MYBL1 TGGATAAGTCTGGGCTTATTGG CCATGCAAGTATGGCTGCTA 210BP
VCPIP1 CAGGCAGCTTGATCCTGATT CTCCCAGTGCATCTGCTACA 272BP

UBXN2B TTCCTGTCCATGCAGTAGCA CAACTCATTTGCCTAGAAATCCA 252BP


http://www.affymetrix.com/estore/analysis/index.affx
https://genome.ucsc.edu/
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Polymerase Chain Reaction (PCR)

For the PCR reaction, approximately 10 nanograms (ng) of cDNA was mixed with
10uL of Amplitaq Gold™ (Life Technologies, Waltham MA, USA), 10uM each of the
forward and reverse gene primers, and water up 20uL. PCR conditions were carried out at
95°C Sminutes for one cycle, then 30 cycles at 95°C for 30seconds, 58°C for 90seconds
and 70°C for 90seconds, followed by a final extension of 70°C for Sminutes. PCR products

were separated into a 1.0% agarose gel.

Gel Electrophoresis

Ten microliters of PCR product were then mixed with two microliters of 5X sample
buffer then analyzed on a 1.0% agarose gel (in Tris Acetate EDTA buffer with Ethidium
bromide). The agarose gel was then visualized and photographed using the LiCor

Biosciences, Odyssey Bio-Imager (Lincoln, NE, USA).

Western Blotting

The western blot procedure was performed as outlined in a previous document (26).
Antibodies used in the current study are outlined below: Antibodies: MYBLI anti-mouse
antibody was utilized at a dilution 1:500 (SAB14002280; Sigma Aldrich / Millipore, St.
Louis, MO). Actin anti-rabbit antibody was used at a 1:10* dilution (SAB14002280; Sigma
Aldrich/Millipore, St. Louis, MO). VCPIP1 anti-mouse (sc-515281) antibody was
purchased from Santa Cruz Biotechnology (Santa Cruz CA, USA) and utilized at a 1/500
dilution. Secondary HRP conjugated anti-mouse antibody (HAF007) and anti-rabbit
(HAFO008) antibodies were purchased from R and D Systems (Minneapolis, MN, USA).

Western blotting filters were developed using the Clarity Western ECL substrate (Bio-Rad,
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Hercules, CA, USA) using the LI-COR digital imaging system (LI-COR Biotechnology,

Lincoln, NE).

Densitometer
The LICOR densitometer software was used to quantitate the gene expression

levels compared to control gene expression levels.

Data Analysis Using cBioPortal Open-Source Database

The cBioPortal.org website (6) was used to analyze our genes against pan and
breast cancer patient samples. The website is an interactive open-source website that
contains thousands of curated cancer patient samples collected from a number of different
database services, originally developed at Memorial Sloan Kettering Cancer Center
(MSK). Current data is collected from MSK, Dana Farber Cancer Center, Princess
Margaret Cancer (Toronto), and Children’s Hospital of Philadelphia and more. Breast
samples utilized in this study were part of the (a) METABRIC dataset (published in 2012
and 2016; 2509 patient samples) and (b) TCGA Breast Invasive Carcinoma Pan Cancer
dataset (1084 patient samples). Graphic display of the Onco-Print analyses allows for
mutation and gene expression analyses of our genes in the various patient datasets. Co-
expression of our genes was determined using this approach.

The Search Tool for the Retrieval of Interacting Genes/Proteins (STRING™) was
utilized to determine protein: protein interactions (31) between the candidate genes.
STRING™ analysis is a database tool for known and predicted protein-protein interactions.
Protein Atlas (22, 36) was utilized to demonstrate the expression of MYBL1, VCPIP1 and

UBXNZ2b in pan-cancers.



CHAPTER 4
RESULTS AND DISCUSSION

Summary of Experiments Previously Performed but Critical to Understanding
This Project

Data by other investigators demonstrate the MYBL1 gene dysregulated and over-
expressed in various types of cancer. Consistent with these data, we find MYBLI1 over-
expressed in TNBC, and bioinformatic analyses of patient sample datasets demonstrate a
variety of different genomic alterations (i.e., over-expression, amplifications, deletions,
missense mutation etc.) in TNBC clinical samples. Since our initial observations, our goal
has been to further characterize the MYBL1 in TNBC. The current project is an extension
of experiments directed towards this goal.

Because MYBL1 gene is a strong transcriptional activator involved in key events
associated with regulation of cell proliferation, we knocked down the gene and identified genes
either directly or indirectly affected by targeting MYBL1. The VCPIP1 gene was identified. Table
2 summarized the results of the microarray gene-chip analyses. This data were generated in a
previous study and are critical to this current study. (a) MDA-MB-231 cells were grown on a dish
and exposed to either a lentiviral ShRNA control sequence (generated by Origene.org) or lentiviral
shRNA MYBLI targeting sequence for 72 hours at 37°C. (b) the RNA was extracted, purified and
processed for hybridization to the Affymetrix Clariom gene-ship microarray (this was performed
by University of Texas, Southwest). The datasets were made available to Texas Southern

University (TSU) and we analyzed the data and identified genes differentially expressed, in other
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words, genes affected by the knockdown process. The table contains log2 values
corresponding to transcript levels. In addition to the transcript levels, the values and fold-
change or degree of knockdown, are generated by the TAC4 data analyses software. As an
explanation of the table, MYBLI transcript levels in the control shRNA chip are 12.2 (or
~4000 MYBLI1 transcripts), and in the knockdown sample MYBLI1 are 10.2 (or ~1000
transcripts). Hence, when MYBLI1 is target by the lentivirus sSARNA-MYBL1 sequence,
transcript levels decrease; the MYBL1 gene is ‘knocked down’ by 4 X times. Thousands
of genes are affected by this process. We found a substantial number of genes were
localized to the chromosome region 8q loci (25). VCPIP1 located in the same locus as
MYBLI1, was also affected by the process. VCPIP1 was knocked down from 10.2 (~1000
transcripts) to 9 (~500 transcripts), by a factor of 2X times. Data show the gene UBXN2B,
which interacts with VCPIP1 was not on the list, but we chose to examine its expression
because both genes are involved in the same Golgi mitotic deubiquitylation signaling
process; we will describe this pathway in the next chapter. Related to UBXN2B, processes
other than MYBLI are likely involved in its regulation.

Table 2: Data Generated from the Original MYBL1 Knockdown in MDA-MB-
231 Cells

The data were collected from the microarray gene-chip. sShARNA control
transcript levels (a) compared to shRNA MYBLI targeted transcript levels
(b). Fold change in knockdown is also given (c), along with the
chromosomal loci of the gene (d). As example, MYBL1 transcript levels
decreased from 12.2 log2 to 10.2 log2 transcript levels; antilog values are
~4000 transcripts to 1000 transcripts after knockdown).

a. b. C. d.
shRNA scramble control (RNA
levels) mybl1 knock down (RNA levels ) FOLD CHANGE CHROMOSOME
LOG 2 VALUES LOG2 VALUES (up or down regulated after MYBL1 KD)
MYBL1 122 10.2 4XKD 8q13.1

VCP1P1 10.1 9 2.1X down reg 8q13.1
UBXN2B (p37) NOT ON LIST 8q12.1
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Our microarray and knockdown data suggest a strong, reliable relationship between
MYBLI1 and VCPIPI. It is possible the genes are co-regulated. As noted in the previous
section, MYBL1 and VCPIP1 are located at the same chromosomal locus, 8q13.1 and
UBXNZ2B is located at the 8q12.1 locus (Figure 5). The arrows point to the locations for
MYBLI1, VCPIP1 and UBXN2B. The diagram was extracted from GeneCards.org
(12)(13). The red line drawn through the chromosome was generated by GeneCards
program. The 8q loci has been identified as a region with a high incidence of mutations in

TNBC (13). It could be that MYBL1 and VCPIP1 contribute to this mutation frequency.

Cytogenetic band: 8g13.1 by HGNC 8q13.1 by NCBI Gene 8g13.1 by Ensembl

MYBL1 Gene in genomic location: bands according to Ensembl, locations according to GenelLoc (and/or NCBI Gene and/or Ensembl if different)
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Figure 5: Chromosomal Region Showing MYBL1 and VCPIP1 Locus and
UBXN2B

MYBLI1 and VCPIP1 are both located at 8q13.1 locus, and UBXN2B is
located at 8q12.1 locus. The red arrow points to gene locus on chromosome

(12)(13).

VCPIP1 gene was first considered for our studies because it was affected by the
knockdown process (following analyses of the TAC4 dataset), the gene was located at the
same locus as MYBLI and preliminary analyses of patient sample data show co-expression
of MYBL1 and VCPIP1 in some of the same clinical patient samples. Analyses of
Reference Sequence high throughput analyses (obtained from ProteinAtlas.org (22)(36) of
pan cancers show that when different types of cancers are examined for all the RNA

species, MYBL1 and VCPIP1 genes show a similar pattern of expression in breast cancers
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and lower RNA Ref Seq levels in other types of cancers. These data validate a pattern of
co-expression of MYBL1 and VCPIPI, and to some degree UBXN2B in breast cancers
compared to most other cancers. Please note that the diagram was extracted from
ProteinAtlas.org website and breast cancers include all subtypes of breast cancer not only

TNBC. There also appeared to be similarities in lung cancer RNA Ref Seqs.
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Figure 6: ProteinAtlas RNA Reference Sequence Analyses of Pan Cancer RNA
Levels (22, 36)
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There is substantial experimental data validating interactions between VCPIP1 and
UBXN2B. Both genes are involved in mitotic events associated with ubiquitin signaling
events involving the Golgi Apparatus and Endoplasmic Reticulum (38) (Figure 7a) during

interphase of the cell cycle.
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Figure 7: Pathway Summary and STRING Protein Interaction Figures to
Demonstrate the Relationships between Candidate Genes (31)

(a) Summary of the Golgi/Endoplasmic reticulum involvement in mitosis.
(b) STRING protein: protein interaction linkage to show the relationship
between the candidate genes. Note — there is no known relationship with
MYBLI1 (31).

The false discovery rate for these events are significant. For the associations with
ubiquitin events associated with the Golgi Apparatus and Endoplasmic Reticulum the false
discovery rates is 4 x 107! (red in STRING diagram) and for containing the Ubiquitin-like

domain, the false discovery rate is 1.5 x 107 (blue in STRING diagram) (Figure 7b). The
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STRING program demonstrates protein: protein interactions or associations as determined
experimentally, by PubMed citations or based on predicted interactions. Note — there is no
known relationship with MYBL1. The more links (i.e., lines between the proteins), the
more associations or biological relationships between the different proteins. VCPIP1 and
UBXN2B are involved in Golgi and endoplasmic reticulum maintenance during interphase
and in reassembly of the organelles at the end of mitosis. Experimental data show the genes
along with a cluster of other genes form a protein: protein complex during mitotic
signaling. Several of these genes are included in the section below.

We examined clinical patient sample datasets retrieved from the cBioPortal.org (6)
online patient resources. The cBioPortal includes hundreds of thousands of cancer patient
data points related to nearly every cancer. In Figure 8 we examined MYBL1, VCPIP1 and
UBXNZ2B in approximately 13,000 patients. Each rectangle represents a different patient.
The long red area represents patients with positive for MYBL1 gene alterations. Notice
that the length of the line for MYBLI1 and VCPIP1 are the same length and color,
demonstrating both genes are expressed in the same patients and both genes are amplified
(as noted by the red color). A similar, but not exact profile is observed for UBXN2B. In
summary, MYBL1 and VCPIP1 gene amplifications are detected in the exact same
patients, clearly suggesting co-expression of both genes in particular patients. Near
concordance is observed for UBXN2B. The other genes, VCP, UBA, NSFLIC and
UBXNS are not dysregulated in the same patient samples as noted by their different pattern.
There are substantial deletion mutations in the UBA1 gene in pan cancer patient samples
(as determined by the blue region). We examined these genes because they are key to the

Golgi Apparatus and Endoplasmic Reticulum mitotic signaling pathway like VCPIP1 and
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UBXN2B genes. These genes were not affected by the knockdown process but considered
for analyses to examine the possibility that MYBL1 was associated with this pathway.
MYBLI1 does not appear to be. The data continues to validate a strong relationship between

MYBLI1 and VCPIP1, and to a lesser degree UBXN2B.
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Figure 8:  Analysis of the Gene Alterations in Select Genes in Different (pan)
Cancers

MYBLI1, VCPIP1, UBXN2B and VCP, UBA1, UBXN8 and NSFL1C. Each
rectangle represents a different patient, approximately 13,000 in these
analyses. The red color represents patients with gene amplifications. The
blue color represents patients with deletions for a particular gene. Note that
MYBLI1 and VCPIP1 are dysregulated in the exact same patients, and to a
lesser degree UBXN2B (6).

Analyses of breast cancer patients are summarized in Figure 9. Approximately 2700
breast cancer patients were examined. Note also that MYBL1 and VCPIP1 show the same
pattern of expression in the same patient samples, as demonstrated by the exact same
profile as demonstrated by the red line. UBXN2B was present in nearly, but not the same
patients. VCP, UBA1l, NSFL1C and UBXNS8 are not dysregulated in patients

demonstrating MYBL1 and VCPIP1 alterations; these genes show fewer alterations and
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UBXNS8 shows evidence of deletions in some patients as noted by the blue colored

rectangles.
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Figure 9:  Analysis of the gene alterations in select genes in breast cancers.

MYBLI1, VCPIP1, UBXN2B and VCP, UBA1, UBXNS and NSFL1C genes
analyzed. Each rectangle represents a different patient, approximately 2700
are analyzed. The red color represents patients with gene amplifications.
The blue color represents patients with deletions for a particular gene
(UBXNS). Note that MYBL1 and VCPIP1 are dysregulated in the exact
same patients, and to a lesser degree UBXN2B (6).

The GeneHancer database contains predicted interactions of enhancer and promoter
interactions for particular genes. Because of the close relationship between MYBL1 and
VCPIP1 gene we speculated that MYBLI1 transcription factor can directly bind to and
affect analyses of the VCPIP1 gene. So we searched GeneCards and found that MYBLI
recognition sequences and predicted assessory protein bnding sites are found in the
VCPIP1 promoter. Based on GenHancer predictions, MYBL1 and possible accessary

proteins bind with high confidence to the VCPIP1 promoter sequences (Figure 10).
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Figure 10: GeneHancer Analyses of the VCPIP1 Promoter Region for Predicted
Interactions

Arrows point to the GeneHancer Identifier and proteins that bind to VCPIP1
promoter. VCPIP1 and MYBLI1 bind with high confidence scores to the
VCPIP1 promoter region (13).

We also performed experimental analysis of the genes suspected to be associated
with MYBLI1 gene. Our microarray data show that MYBL1 and VCPIP1 genes show a
similar pattern of gene expression. MYBLI is over-expressed in tumors and VCPIP1 gene
is over-expressed (and subsequently knocked down with MYBLI1 silencing). Thus far the
data strongly suggests a coordinate dysregulation between MYBL1 and VCPIP1 genes.
The UBXN2B, VCP, UBAI, NSFL1C and UBXNS8 were examined to assess a possible
relationship with MYBLI1. Since MYBL1 demonstrates reliable concordance with
VCPIP1, we examined the possibility that MYBL1 was involved in the Golgi /
Endoplasmic Reticulum associated mitotic signaling pathway. To examine this possibility,
we examined the mRNA expression of MYBLI1, VCPIP1, UBXN2B, VCP, UBAI,
NSFLIC, UBXNS8 in cell lines (Figure 11). Data show that a similar and highly
reproducible pattern of mRNA expression between MYBL1 and VCPIPI and to some
degree UBXN2B. MYBLI1 and VCPIP1 results were reproducible 100% of the
experimental efforts. UBXN2B were reproducible in 9 of 10 experiments. The cell lines

were selected for screening purposes. Genes that consistently demonstrated the exact same
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of expression in the cell lines utilized for screening, were considered suitable candidates,
and considered for further studies beyond this project. Figure 11 demonstrates an example

of how the transcript gene expression pattern of the genes were assessed.
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Figure 11: PCR analyses of the mRNA Expression in Non-tumor Compared to
Tumor Cell Lines of Select Genes

MCF10A is non-tumor TNBC, MCF7 is luminal breast cancer and MDA -
MB-231 is TNBC sample. (a) PCR analyses and (b) densitometer analyses
of the PCR profiles.

Only genes that consistently demonstrated a reliable pattern of mRNA expression
were examined via protein analyses; that included the MYBL1, VCPIP1 and UBXN2B
genes. Although UBXN2B expression were reproduced in 9/10 experimental analyses, it
was chosen for protein assessment (Figure 12). Like data presented for our other analyses,
MYBLI1 and VCPIP1 gene show higher protein expression levels in the TNBC compared
to the non-tumor triple negative cell line. The UBXN2B antibody showed a pattern
opposite of that observed for the mRNA in that the gene appears over-expressed in non-
tumor compared to TNBC. Nearly all genes have been identified as having transcript
variants. We are finding that different transcript variants display a different role in samples.

Related to tumor vs non-tumor, we are frequently finding that some variants have a role
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(i.e., are expressed in non-tumors) and some variants have a role (i.e., are expressed in
tumors). It could be that the transcript variants probed for mRNA differ from the isoforms
detected by the antibody that we chose, hence a different pattern of expression in mRNA
vs the protein. To eliminate this circumstance, we suggest the same region used to generate
the transcript PCR primers and immunogen for the protein antibody be considered.
Sometimes this is not possible due to the limited number of commercially available

antibodies.

MYBLI1

~ We W | VCPIPI

ACTB

Figure 12: Western Blot Analysis of Selection Genes

MCF10A is the non-tumor triple negative breast samples, compared to
TNBC Hs 578T and MDA-MB-231 cell line preparations.



CHAPTER 5

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

MYBLI1 is consistently dysregulated in tumor and TNBC cell lines, validating
our initial research observations. MYBL1 and VCPIP1 are coregulated in tumors and
TNBC cell lines and clinical patients. The same patients that demonstrate alterations in
MYBLI show alterations in VCPIP1 in 100% of the cases.

It’s not clear how the genes cooperate under these conditions. There does not appear
to be a direct link between the Golgi Apparatus and Endoplasmic Reticulum associated
mitotic signaling pathway. This conclusion is based on the inconsistent results observed
for VCP, UBA1 and UBXNS8 gene expression profiles and clinical patient profiles
(observed using cBioPortal).

Published data by other investigators show the 8q chromosomal loci is a high
mutation region in TNBC, and our data show at least 2 additional genes might contribute

to this mutation frequency: the genes being MYBL1 and VCPIPI.
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