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I. BIOGRAPHICAL SKETCH

I am Joelle Rabin-Court, a senior at Lafayette College. I will obtain my Bachelor of
Science degree in Biology in June 2021. This is my third year doing research with Dr. Khadijah
A. Mitchell. I first learned about her research after her TedxLafayette talk in the Spring of 2018.
I was eager to learn more about precision medicine and contribute to cancer health disparities
research. I started my research with her the following fall, focusing on microRNA determinants
of lung cancer sex disparities.

I was first introduced to health disparities research as a volunteer in the Maternal Fetal
Medicine wing of Mount Sinai West. I spent the summer pulling charts and inputting data for
projects investigating age-related response to Pitocin in labor induction and racial disparities in
the treatment of severe hypertension with labetalol. When I returned to campus, I began working
in Dr. Mitchell’s Integrative and Translational Laboratory for Applied Biology--first as an
Independent Study student, then as an EXCEL Scholar and now as an Honors Thesis student.
This work has cultivated a deep interest in public health within me. Last year, [ ran a
campus-wide anti-vaping public health campaign at the peak of e-cigarette and vaping associated
lung injury (EVALI) reports. This year, amidst the pandemic, I pursued a contact tracing
certification and joined the NARAP’s COVID-19 Potential Tracer Registry. I also participated in
a virtual externship with a public health nurse.

After graduation, I will work as either a research support assistant or a clinical care

coordinator, prior to applying to MD-MPH programs.



II. ABSTRACT

Background: Lung cancer is the second most common cancer and the leading cause of
cancer-related death in the US, and disproportionately affects African American (AA) males.
Smoking is the strongest risk factor for lung cancer development and negative treatment
outcomes. Overall, AAs smoke less than European Americans (EAs), and even in never smokers,
suggesting biological determinants. Somatic Copy Number Variations (SCNVs), the most
common structural variation in the human genome, have been linked to a number of cancers.
Recent studies show potential PDE4D involvement in lung cancer health disparities involving
males with high West African ancestry. Additionally, alternative splicing contributes to disease
progression in AA males with prostate cancer. Similar isoform and cancer progression
relationships may also exist in AA males with lung cancer. No study to date has integrated PDE4
SCNVs, gene and isoform expression profiles, and patient survival by race and sex.

Hypothesis: PDE4 SCNVs, gene and isoform profiles vary significantly between AA and EA
males with lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC), with
survival implications and an association with epithelial-mesenchymal transition (EMT).
Methods: Downloaded PDE4 SCNV (Broad GDAC Firehose) and mRNA and isoform
sequencing data (TSVdb) for the TCGA cohort. Merged (LUAD n = 23 AA and 170 EA males;
LUSC n = 16 AA and 254 EA males) and performed differential analyses using two-tailed t-tests
with Welch corrections (GraphPad Prism 8). Compared disease-free survival (cBioPortal) based
on SCNV, PDE4 gene expression and isoform expression status. Performed plasmid
overexpression in AA (NCI-H1373) and EA (A549) male LUAD cell lines and measured
expression of EMT phenotypic markers, VIM and ECAD via qRT-PCR.

Results: PDE4C demonstrated significant differential SCNV (P<0.05) and isoform expression
(P<0.01) by sex and race across both histologies. Fewer amplifications and greater deletions
were observed in AA males, relative to EA males, corresponded with lower PDE4C gene and
isoform (uc002nii, uc002nil, uc010xqc, uc010ebk, and uc010ebm) expression. In LUAD
patients, high PDE4C expression correlated with greater median survival, particularly amongst
AA males (~62 months vs ~30 months for AA high/low expressors, compared with ~38 months
and ~28 months for EA high/low expressors, respectively). In LUAD cells, PDE4C
overexpression was not associated with the EMT phenotype, regardless of race.

Conclusions: AA and EA PDE4C SCNYV, gene and isoform signatures suggest racial differences
in lung tumor biology. However, PDE4C overexpression’s effect on the EMT phenotype does

not drive trends in patient survival.



III. INTRODUCTION
A. Lung cancer incidence and mortality statistics by sex, race and histology in the US

Lung cancer is the second most commonly diagnosed cancer, with an estimated 235,760
(12.4%) new cases in 2021." It is also leading cause of cancer-related death for both males and
females in the United States (US), accounting for an estimated 131,880 (21.7%) deaths in 2021."
According to the American Cancer Society, non-small cell lung cancer (NSCLC) is the most
common type of lung cancer, making up approximately 85% of cases.” Within NSCLC
histologies, lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC) are the
two most prevalent subtypes.? LUAD is the most common subtype among non-smokers with
characteristic mutation profiles, whereas LUSC is tightly linked to smoking and secondhand
smoke exposure.’

Across all populations, African American (AA) males have the highest rates of lung
cancer incidence and mortality when compared to any other sex and race group.® From
2013-2017, 77.6 AA males per 100,000 were diagnosed with lung cancer; of which,
approximately 31.0 were diagnosed with LUAD and 20.0 with LUSC.** Comparatively, 67.4
European American (EA) males per 100,000 were diagnosed with lung cancer, 23.2 with LUAD
and 14.0 with LUSC.** Over the same time frame, 58.8 AA males per 100,000 died from lung
cancer, compared to 49.4 EA males respectively.®
B. Behavioral and biological determinants of non-small cell lung cancer (NSCLC)

Many different factors, both behavioral and biological, contribute to lung cancer
development. While exposure to radon gas, secondhand smoke, asbestos and air pollution, as
well as family history, and inflammatory-based respiratory diseases like chronic obstructive

pulmonary disease (COPD) all affect lung cancer risk, tobacco-smoking is by far the strongest
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risk factor for lung cancer development.® Furthermore, smoking after cancer diagnosis is
associated with more negative outcomes: increased treatment toxicity, greater risk of treatment
failure, higher incidence of second tumors and shorter survival.® However, observed racial
disparities cannot be explained by cigarette smoking alone. AAs smoke significantly less than
EAs, not just in cigarettes per day, but also per lifetime.” Even AA never smokers have higher
rates of lung cancer when compared with EAs.” This suggests potential biological determinants,
such as genetics. One gene is CHRNAS5.> CHRNAS, which encodes the a5 subunit of neuronal
nicotinic acetylcholine receptors, was found to be upregulated 30-fold in LUAD compared to
normal lung tissue.® In total, 18 lung cancer susceptibility loci have been identified, 10 of which
recently discovered by McKay and colleagues.’ Their study’s sample, while very large, only
included individuals of European descent, further underscoring the importance of this
investigation.’
C. PDE4 somatic copy number variations (SCNVs) as emerging biological determinants of
NSCLC health disparities

Another potential biological determinant could be somatic copy number variation
(SCNV). SCNVs are the most common structural variation in the human genome and range at
least 1 kb in length."” Most significantly, SCNVs have been linked to a number of cancers.'’
SCNV amplifications are vital in activating oncogenes and SCNV deletions play a role in
inactivating tumor suppressor genes.'’

Cyclic nucleotide phosphodiesterases (PDE) are metallohydrolyases that bind and
degrade the intracellular secondary messengers cAMP and ¢cGMP."" The PDE4 subfamily, in
particular, has been implicated in a number of inflammatory diseases and malignancies,

including COPD, which doubles the likelihood that an individual will develop lung cancer.'""* In
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fact, the condition are more commonly seen together than apart.® A recent study has shown
PDE4D genetic changes and gene products may be involved in lung cancer health disparities,
particularly in AA males."* Therefore, SCNVs of PDE4 genes may be driving gene expression
differences.
D. Sex and racial differences in NSCLC treatment
1. Sex and racial differences in anticancer drug response

NSCLC patients can be treated with either surgery, radiation therapy, chemotherapy
(drugs that prevent any active cell division), targeted therapy (drugs that target specific
molecular changes in tumors), immunotherapy (drugs that enhance the immune system’s ability
to fight cancer), or a combination of the above." Prior studies with anticancer drugs (i.e.
bevacizumab, cisplatin, paclitaxel, doxorubicin) have found differential drug efficacy and safety
by sex and race.'®'” Doxorubicin, in particular, has demonstrated increased cardiotoxicity in
African Americans!” and females,'® as well as increased clearance in males.'®
2. African American underrepresentation in cancer clinical trials

Many cancer clinical trials lack adequate minority representation, which decreases the
applicability of their results while increasing the likelihood that population-specific differences
in drug efficacy will go undiscovered. Regardless of cancer type, AAs are less likely to be
enrolled in clinical trials compared to EAs."” In lung cancer clinical trials, specifically, AAs
constitute 5.4% of trial enrollees (compared to 10.6% of 2013 cancer prevalence), whereas EAs
constitute  79.8% (compared to 82.7% of 2013 cancer prevalence).” Due to AA
underrepresentation in lung cancer clinical trials, it is unclear if a differential population response
exists for anticancer drugs until long after they are on the market. More work is needed in this

area to close the knowledge gap.
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3. Potential difference in PDE4 inhibitor response by sex and race

Recently, PDE4 inhibitors (PDE4i) have demonstrated great clinical promise. They are
FDA-approved to treat COPD, as well as asthma and arthritis.?® They have also been shown to
attenuate lung carcinogenesis and tumor angiogenesis in murine models.”’ However, there have
been no clinical studies done looking at the impact of the inhibitor in lung cancer. And, thus far,
subtype selective inhibitors have only been successfully developed for PDE4B and PDE4D."
Further development of PDE4i for lung cancer treatment must account for potential population
differences in expression by sex and race.
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IV. CHAPTER 1: Exploring The Relationship Between PDE4 SCNV Profiles, Gene and
Isoform Expression in Lung Cancer Sex and Racial Disparities
A. Introduction

1. PDE4 genes associated with with lung cancer

A number of studies have investigated PDE4 genes in relation to lung cancer. The
majority of which have uncovered an oncogenic role, marked by overexpression in cancer cells
and tissues. Interestingly, more than one member of the gene family was found to be involved in
epithelial-mesenchymal transition (EMT), a key event in cancer development that enables
invasion and metastasis." EMT is marked by the loss of e-cadherin (gene name, CDH]I), a
junction protein known for its role in cell-cell adhesion, and the acquisition of vimentin (gene
name, VIM), known for its role in cell migration.

PDE4A4 was found to be upregulated in lung cancer cell lines.? One study showed that
(TGF)-B1-mediated PDE4A upregulation induces EMT in alveolar epithelial cells.! Another
study demonstrated that hypoxia-induced PDE4A upregulation results in increased tumor cell
proliferation.* PDE4B was also upregulated specifically in NSCLC tissues.* In fact, PDE4B
inhibition with 1,2,3-triazole derivatives had cytotoxic effects on A549 lung adenocarcinoma
cells.” PDE4C was similarly found to be overexpressed in lung cancer tissues, particularly in
lung adenocarcinoma samples.* Though the least commonly studied in the family, one study
concluded that PDE4C might even be a novel target of a mutant p53 transcription factor.>*
PDE4D, the most widely examined of the family, was also found to be upregulated in lung
cancer cells.” It, like PDE4A, was linked to the EMT pathway, tumor cell proliferation and
differentiation, and thus lung cancer development and progression.' Correspondingly, PDE4i
treatment was found to reduce vascular endothelial growth factor (VEGF) secretion,

angiogenesis, cell proliferation and growth in human lung tumors.?
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2. PDE4 SCNVs may influence gene and isoform expression

There is a strong relationship between SCNVs and differential gene expression in
NSCLC.” As such, SCNVs may drive differences in PDE4 gene and isoform expression, and
thus disease profiles. No study to date has comprehensively evaluated the role of PDE4 SCNVs
in lung cancer associated tumor suppressors or oncogenes, though homozygous deletions of
PDE4D have led to speculation that the gene may act as a tumor suppressor in esophageal
adenocarcinoma.?
3. Alternative splicing events confer drug resistance and patient survival

In a number of solid cancers, alternative splicing events contribute to racial disparities in
disease progression.” Alternative splicing events are when multiple protein isoforms are
produced from a single gene. Each isoform may function differently, and an isoform switch
occurs when the relative contribution of isoforms to their parent gene expression changes
significantly between conditions.” Specifically, in prostate cancer, high expression of short
isoform PIK3CD-S in AA males is linked to cancer aggressiveness and drug resistance.'’
Comparable PDE4 isoform and cancer progression relationships may exist in a lung cancer
health disparities context as well.
4. Hypothesis

To our knowledge, no study to date has characterized the PDE4 SCNV profiles, gene and
isoform expression, and survival by sex and race. I hypothesize that PDE4 SCNV, gene and
isoform profiles vary significantly between AA and EA males with LUAD and LUSC, with

survival implications.
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B. Methods
1. Clinical data extraction and statistical analysis for TCGA patient cohort
The Cancer Genome Atlas (TCGA) SCNV and mRNA sequencing data were

downloaded from Broad GDAC Firehose (https://gdac.broadinstitute.org/) and annotated. TCGA

mRNA isoform sequencing data were downloaded from the TCGA Splicing Variants Database

(http://tsvdb.com/plot.html) and filtered by sex and race for 23 AA males, 207 EA males, 30 AA

females and 241 EA females with LUAD, as well as 16 AA males, 254 EA males, 14 AA
females and 93 EA females with LUSC. Fisher’s exact t test, chi square test, and t test were
performed to identify confounding clinical and demographic variables. Paired two-tailed t-tests
in GraphPad Prism 9.0 were used to compare interactions between race, age and smoking status
in LUAD patients, and race, sex and stage in LUSC patients.

2. SCNV and expression analysis for PDE4 genes based on sex and race, by histology in
TCGA patient cohort, not stratified by amplification or deletion status.

Performed differential analyses for all PDE4 genes according to SCNV, mRNA, and
mRNA isoform expression status in the LUAD and LUSC TCGA sub cohorts. GraphPad Prism
9.0 was used to carry out two-tailed t-tests with Welch corrections.

3. SCNV and expression analysis for PDE4 genes based on sex and race, by histology in
TCGA patient cohort, stratified by amplification or deletion status.

Merged all SCNV, gene and isoform data for candidate PDE4 gene of interest. Performed
differential analysis of gene and isoform expression for gene of interest, stratified by SCNV
status (amplification or deletion) and histology for TCGA patient cohort in GraphPad Prism 9.0

using two-tailed t-test with Welch corrections.


https://gdac.broadinstitute.org/
http://tsvdb.com/plot.html
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4. Disease-specific survival analysis based on PDE4 gene expression.
a) By SCNV status
AA and EA patients were stratified by SCNV status into groups with amplifications and

deletions. cBioPortal (https://www.cbioportal.org/) was used to obtain Kaplan-Meier five-year

disease-free survival curves for AAs and EAs patients with amplification and deletion,
respectively. Median months disease-free values were also collected.
b) By expression status

AA and EA patients were stratified by median candidate gene expression into either low-
or high-expressors. cBioPortal was used to obtain Kaplan-Meier five-year disease-free survival
curves for AA and EA low-expressing and high-expressing patients, respectively. Median
months disease-free values were also collected.

C. Results

There are significant differences in the patient clinical characteristics by age and vital status
in the LUAD subgroup, and by sex and vital status in the LUSC subgroup of the TCGA patient
cohort.

In LUAD patients, there was significant variation with regards to age (P=0.0001) and
vital status (P=0.0001) (Table 1). Two-tailed t-test patient race and age showed no significant
interactions between these characteristics (P>0.05, Fig. 1). Our results are in line with previous
studies have shown that AAs, on average, are diagnosed with lung cancer at a younger age.'' In
LUSC patients, there was significant variation with regards to sex (P=0.0052) and vital status
(P=0.0006) (Table 1). Interaction analyses were not performed by sex in LUSC patients as this

variable was controlled for throughout the study.


https://www.cbioportal.org/
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Of the four PDE4 genes, only PDE4C demonstrated significant differential SCNV and
expression by sex and race.

Analysis of Table 2 found significant differences in PDE44 SCNV between AA and EA
males with LUSC, but no corresponding differences in gene or isoform expression. In contrast,
Table 3 found significant differences by race in PDE4B gene and isoform expression, but not
SCNYV, in male patients with LUSC. Notably, Table 4 revealed significant differences in PDE4C
SCNYV, and gene and isoform expression by race in male patients with both NSCLC histologies.
In LUAD patients, there were sex-specific racial differences in PDE4C gene and isoform
expression, specifically with regards to isoforms uc002nii and uc002nil (Table 4). In LUSC
patients, there were just sex-specific racial differences in isoform expression, specifically
isoforms uc010xqc, uc010ebk and ucO10ebm (Table 4). For the aforementioned gene and
isoforms, AAs consistently had lower mean expression than their EA counterparts (Table 4).
Lastly, Table 5 found significant differences by race in PDE4D gene and isoform expression, but
not in SCNV, in male patients with LUAD.

PDEA4C amplifications may drive gene and isoform uc002nil expression in EA males with
LUAD, but not LUSC.

In LUAD patients, significantly higher amplification of PDE4C (Fig. 2a) in EAs
compared to AAs corresponded with significantly higher PDE4C (Fig. 2b) and isoform uc002nil
(Fig. 2d) expression. There was a greater frequency of PDE4C deletions in AAs (87% AA vs
70% EA), and a lower frequency of PDE4C amplifications (13% AA vs 30% EA). However, the
median PDE4C deletions were similar in both races (Fig. 3a). Interestingly, the median gene

expression was lower in AA males (Fig. 3b), potentially driven by significantly decreased
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uc002nil expression (Fig. 3d). Isoform uc002nii had extremely low expression in both
populations, suggesting minimal biological relevance (Fig. 3c).

Similar to LUAD findings, there were fewer PDE4C amplifications in AA LUSC patients
(19% AA vs 42% EA) and a greater frequency of PDE4C deletions (81% AA vs 58% EA).
There was no significant racial difference in amplifications, however, this trend was observed in
LUSC patients with PDE4C deletions (Fig. 4a and Fig. 5a). Significant differences in PDE4C
deletions and gene isoform expression were observed in AAs and EAs. However, most of the
patients have mRNA isoform sequencing reads of less than five, which is suspected to be
biologically irrelevant (Fig. 4b-d and Fig. 5b-d).!?> Because of this low abundance, PDE4C
expression is not a useful biomarker to stratify LUSC patients, but may have clinical utility for
LUAD patients.

PDEA4C amplification and high expression is associated with improved survival for EA males,
and PDE4C high expression is also linked to better survival in AA males.

LUAD patients with PDE4C amplifications have greater survival than patients with
PDEA4C deletions (Fig. 6a-b). This is more evident in EAs, because they have a greater
proportion of patients with amplifications (Fig. 6a-b). EAs with amplifications had a median
survival more than two times as long as EAs with deletions (Table 6). The same relationship
could not be determined based on AA SCNV status, due to the limited number of AA LUAD
patients with amplifications (Table 6).

LUAD patients with high PDE4C expression had greater survival than patients with low
PDEA4C expression (Fig. 7), regardless of race. AAs with high PDE4C expression have a median
survival over 2 times greater than AAs with low PDE4C expression (Table 7). EAs with high

PDEA4C expression have a median survival nearly 1.5 times greater than EAs with low PDE4C
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expression (Table 7). Similarly, high expression of the biologically relevant PDE4C isoform
(uc002nil, Fig. 2d) is associated with more than double the median survival in AA LUAD
patients (Fig. 8, Table 7) and nearly two-fold greater median survival in EA LUAD patients (Fig.
8, Table 7).

D. Discussion

When focusing on amplifications, 30% of EA LUAD patients had PDE4C amplifications,
compared to 13% of AA patients. Patients with PDE4C amplifications are more likely to have
higher PDE4C mRNA and mRNA isoform expression, which is associated with longer patient
survival. When focusing on deletions, 70% EA LUAD patients had PDE4C deletions, compared
with 87% of AA patients. These deletions were associated with decreased mRNA and mRNA
isoform expression, and shorter patient survival. On the other hand, LUSC patients are unlikely
to have PDE4C SCNVs affecting PDE4C gene and isoform expression in a substantial way.
PDE4C SCNVs do not appear to be involved in LUSC racial disparities.

Compared with other PDE4 family members, PDE4C is a relatively overlooked precision
medicine target. Both EA and AA patients with LUAD could benefit from PDE4C replacement
therapy, or a targeted therapy that would upregulate PDE4C. This effect would be more
pronounced in AAs, who are less likely to have the PDE4C amplifications and more likely to
have PDE4C deletions, and associated expression changes, thus reducing the disparity.
Interestingly, this is a different pattern from other PDE4 family members. PDE4A, B, and D
overexpression is associated with poor survival outcomes.'** Further research on the mechanistic
effect of PDE4C overexpression will provide insight into its role in lung cancer sex and race

disparities, as well as future treatment options. A limitation to this study is that few AA males
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with LUAD had PDE4C amplifications. Additionally, there was limited SCNV data available for

LUAD cell lines from AAs.

E. Tables and Figures

Table 1: Clinical and Demographic Characteristics of Study Subjects with NSCLC in the

TCGA Cohort.
Table 1. Clinical and Demographic Characteristics of Study Subjects in the TCGA Cohort.
LUAD LUSC
AA (n=53) | EA (n =448) P AA (n=30)| EA (n=347) P
Age (years) # 0.0001 0.5630
Mean (SD) 59.8 (£10) 66.0 (£10) 67.9 (£8) 67.0 (£9)
Range 39-80 38-88 52-83 40-85
Sex (%) * 0.7761 0.0052
Female 30 (57) 241 (54) 14 (47) 93 (27)
Male 23 (43) 207 (46) 16 (53) 254 (73)
Stage (%) " * 0.8603 0.0554
Early (I-IT) 41 (77) 349 (78) 22 (73) 293 (84)
Late (ITI-IV) 10 (19) 94 (21) 8 (27) 50 (15)
Unknown 2(4) 6 (1) 0(0) 4(1)
Smoking
Status (%) + * 0.0568 0.1612
Never Smoker 3(6) 68 (15) 1(3) 10 (3)
Current Smoker| 17 (32) 98 (22) 2(7) 56 (16)
Reformed
smoker 31 (58) 268 (60) 16 (53) 165 (48)
Unknown 2(4) 14 (3) 11 (37) 116 (33)
Vital Status
(%)~ 0.0001 0.0006
Dead 19 (36) 285 (64) 20 (67) 147 (42)
Alive 34 (64) 163 (36) 10 (33) 200 (58)

~ Fisher's exact test, + Chi square test, # t test, * unknown patients removed from significance

Highlighted cells show significant differences (p<0.05).
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Interactions between LUAD Patient Race and Age
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Figure 1. Analysis of potential confounding variables in the LUAD patient cohort. Bar
graph showing two-tailed t-test comparing patient race and age (<70 and >70). (column effect ns
>0.05).
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Table 2: PDE4A SCNYV, gene and isoform expression significance by sex and race in TCGA

atients with LUAD and LUSC.

LUAD LUSC
Grouping SCNV |Gene |Isoforms SCNV (Gene |Isoforms

uc002moj 0.4* uc002moj 0.83

uc002mok 0.77 uc002mok 0.96*

uc002mol 0.53 uc002mol 0.87*
AA Males vs uc002mom 0.46 uc002mom 0.85
EA Males 0.64 0.93 uc002moo 0.95*10.03 0.57*  [uc002moo 0.13*

uc002moj 0.69%* uc002moj 0.62%*

uc002mok 0.35 uc002mok 0.84
AA Females uc002mol 0.75 uc002mol 0.62*
vs EA uc002mom 0.65 uc002mom 0.97*
Females 0.44 0.97 uc002moo 0.38*10.70 0.47*  [uc002moo 0.80*

Highlighted cells show significant differences by sex and race, (p<0.05), * indicates higher mean

expression in AA patients.
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Table 3: PDE4B SCNYV, gene and isoform expression significance by sex and race in TCGA

atients with LUAD and LUSC.

LUAD LUSC
Grouping |SCNV |Gene (Isoforms SCNV (Gene |Isoforms
uc001dcn 0.81%* uc001dcn 0.02
uc009war 0.48%* uc009war 0.48%*
uc001dco 0.33* uc001dco 0.73
uc001dcp 0.51* uc001ldcp 0.16
AA Males
vs uc001dcq 0.88%* uc001dcq 0.01
EA Males 0.35] 0.82*|uc009was <0.01 0.51 0.01[uc009was 0.02
uc001dcn 0.01 uc001dcn 0.81%*
ucO009war 0.53 uc009war 0.67*
uc001dco 0.58* uc001dco 0.39
uc001dcp 0.05 uc001ldcp 0.30%*
AA Females
vs FA uc001dcq 0.89%* uc001dcq 0.37*
Females 0.39 0.84*[uc009was 0.92%* 0.97( 0.28*[uc009was 0.03*

Highlighted cells show significant differences by sex and race, (p<0.05), * indicates higher mean
expression in AA patients.
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Table 4: PDE4C SCNYV, gene and isoform expression significance by sex and race in TCGA

atients with LUAD and LUSC.

LUAD LUSC
Grouping SCNV |Gene |Isoforms SCNYV |Gene |Isoforms
uc0100xqc 0.53 uc010xqc 0.01
uc002nig 0.10 uc002nig 0.47*
uc002nih 0.84* uc002nih 0.89%*
uc010ebk 0.51%* uc010ebk [<0.0001
uc002nif 0.37* uc002nif 0.11
uc002nii 0.01 uc002nii 0.63
uc010ebl 0.84* uc010ebl 0.08
uc002nik 0.32 uc002nik 0.31
uc002nil <0.001 uc002nil 0.54
AA Males vs uc010ebm 0.67 uc010ebm | <0.001
EA Males 0.03(  0.05|uc002nim 096/ 0.01] 0.27[uc002nim 0.31
uc0100xqc 0.02 uc010xqc 0.01
uc002nig 0.44 uc002nig 0.24*
uc002nih 0.35% uc002nih 0.66
uc010ebk 0.66* uc010ebk 0.35*
uc002nif 0.38 uc002nif 0.59*
uc002nii 0.03 uc002nii 0.44
uc010ebl 0.91%* uc010ebl 0.37*
uc002nik <0.0001 uc002nik N/A
uc002nil <0.01 uc002nil 0.81
AA Females vs EA uc010ebm 0.27* uc010ebm 0.43*
Females 0.18]  0.03|uc002nim 0.49*|  0.80({0.51* fuc002nim 0.77

Highlighted cells show significant differences by sex and race (p<0.05), * indicates higher mean
expression in AA patients.
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Table S: PDE4D SCNY, gene and isoform expression significance by sex and race in TCGA

atients with LUAD and LUSC.

LUAD LUSC
Grouping SCNV |Gene [Isoforms SCNV |Gene |[Isoforms
uc003jrv [ <0.001 uc003jrv 0.50*
uc003jsa 0.52 uc003jsa 0.71%*
uc003jrs 0.19 uc003jrs 0.97*
uc003jrt 0.20 uc003jrt 0.74
uc003jru 0.89 uc003jru 0.13
uc003jrw 0.47 uc003jrw 0.42*
uc003jrx 0.12 uc003jrx |<0.0001
uc003jry N/A uc003jry N/A
uc003jrz 0.68* uc003jrz 0.62*
uc003jsb [ 0.73* uc003jsb 0.75*
uc010iwi 0.53 uc010iwi 0.75
uc003jsc 0.43 uc003jsc 0.35%
AA Males vs EA uc003jse 0.87* uc003jse 0.66*
Males 0.78]  0.05[uc003iw;j 0.03 0.77] 0.76* juc003iwj 0.73*
uc003jrv 0.79* uc003jrv 0.86*
uc003jsa | <0.01 uc003;jsa 0.60
uc003jrs 0.99 uc003jrs 0.68
uc003jrt 0.84 uc003jrt 0.88*
uc003jru 0.59* uc003jru 0.84*
uc003jrw 0.49 uc003jrw 0.02
uc003jrx 0.36%* uc003jrx 0.21
uc003jry N/A uc003jry N/A
uc003jrz 0.34%* uc003jrz 0.06*
uc003jsb 0.49 uc003jsb 0.01%*
uc010iwi 0.03 uc010iwi 0.09
uc003jsc 0.46%* uc003jsc 0.73*
AA Females vs EA uc003jse 0.13 uc003jse 0.90
Females 0.29] 0.51*[uc003iw;j 0.38 0.31{0.24*uc003iw;j 0.42

Highlighted cells show significant differences by sex and race (p<0.05), * indicates higher mean
expression in AA patients
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Figure 2. PDE4C amplification, and gene and isoform expression by amplification in
TCGA patients with LUAD. Scatter dot plot showing (a) PDE4C amplification Q values for
AA (red) and EA (blue) male LUAD patients. Plots showing mRNA-Seq RSEM values for (b)
PDEA4C gene, (c) isoform uc002nii, and (d) isoform uc002nil for AA (red) and EA (blue) male
patients. (unpaired two-tailed t test with Welch correction ***P<0.001, **** P<(0.0001)
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Figure 3. PDE4C deletion, and gene and isoform expression by deletion in TCGA patients
with LUAD. Scatter dot plot showing (a) PDE4C deletion Q values for AA (red) and EA (blue)
male LUAD patients. Plots showing mRNA-Seq RSEM values for (b) PDE4C gene, (c) isoform
uc002nii, and (d) isoform uc002nil for AA (red) and EA (blue) male patients. (unpaired
two-tailed t test with Welch correction ***P<0.001, **** P<0.0001)
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Figure 4. PDE4C amplification, and gene and isoform expression by amplification in
TCGA patients with LUSC. Scatter dot plot showing (a) PDE4C amplification Q values for
AA (red) and EA (blue) LUSC male patients. Plots showing mRNA-Seq RSEM values for (b)
isoform uc010xqc, (¢) isoform uc010ebk and (d) isoform ucO10ebm for AA (red) and EA (blue)
male patients. (unpaired two-tailed t test with Welch correction **<0.01, ***P<0.001)
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Figure 5. PDE4C deletion, and gene and isoform expression by deletion in TCGA patients
with LUSC. Scatter dot plot showing (a) PDE4C deletion Q values for AA (red) and EA (blue)
LUSC male patients. Plots showing mRNA-Seq RSEM values for (b) PDE4C gene, (b) isoform
uc010ebk and (d) isoform uc010ebm for AA (red) and EA (blue) male patients with deletion.
(unpaired two-tailed t test with Welch correction *<0.05, **<0.01, ****P<0.001)
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Figure 6. 5 year disease-free survival analysis based on a) amplification and b) deletion of
PDE4C in TCGA patients with LUAD. Disease-specific survival analysis based on PDE4C
SCNV status in AA (red) and EA (blue) patients with a) amplification and b) deletion.

Table 6: Median months disease-free based on SCNV status (amplification or deletion) of
AA and EA male TCGA patients with LUAD.

Race  Cases, Total Cases, Relapsed/ Progressed Median Months Disease-Free

(A) AA 2 0 MNiA
Amplification (B) EA 35 15 67.18
(A) AA 18 B 62.1%
Deletion (B) EA 103 44 2789
a) High PDE4C Expressors b) Low PDE4C Expressors
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Figure 7. 5 year disease-free survival analysis based on a) high and b) low PDE4C gene
expression in TCGA patients with LUAD. Disease-specific survival analysis based on PDE4C
gene expression in AA (red) and EA (blue) patients in a) high- and b) low-expressors.
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Figure 8. S year disease-free survival analysis based on a) high and b) low PDE4C uc002nil
expression in TCGA patients with LUAD. Disease-specific survival analysis based on isoform
uc002nil expression in AA (red) and EA (blue) patients in a) high- and b) low-expressors.

Table 7: Median months disease-free based on PDE4C gene and isoform uc002nil
expression status of AA and EA male TCGA patients with LUAD.

62.19

PDE4C isoform uc002nil
Race Cases, Total Cases, Relapsed/ Progressed Median Months Disease-Free Cases, Total Cases, Relapsed/ Progressed Median Months Disease-Free
@ (A) AA 11 5 62.19 10 5

E (B)EA 74 30 3837 75 26
= (A)AA 12 5 30.39 11 4
3 (B)EA 81 16 27.76 71 3

47.63
30.39
26.58
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V. CHAPTER 2: Effect of PDE4C Overexpression on the EMT Phenotype in AA and EA
Male Lung Cancer Cells
A. Introduction

1. PDE4C overexpression: Potential oncogene

PDE4C overexpression has been associated with a number of disease phenotypes.' For
example, PDE4C expression was higher in autonomous thyroid adenomas (ATA) compared to
surrounding normal thyroid tissue, but only significantly so in ATA with TSH receptor mutants.*
Additionally, Chamseddine and colleagues found that PDE4C isoforms are significantly
upregulated in patients with myelodysplastic syndrome (MDS), compared to healthy
individuals.’ This upregulation was associated with worse survival outcomes.’ Lastly, PDE4C
demonstrated greater protein expression in NSCLC tissues, particularly LUAD, compared to
normal tissues.* PDE4C is a direct target of the tumor suppressing miR-542-5p, which has been
shown to reduce in vitro proliferation of the lung cancer cell line A549.* miR-542-5p therapies
may improve disease phenotypes in individuals with ATA, MDS and NSCLC.
2. PDE4C underexpression: Potential tumor suppressor gene

In contrast, PDE4C underexpression has also been linked to a variety of malignancies.
PDE4C mRNAs were downregulated in stomach adenocarcinoma and associated with worse
overall survival.’ In glioma, PDE4C promoter hypermethylation and reduced protein expression
were associated with grade progression and overall worse survival.® Upon
5-Aza-2’-deoxycytidine treatment and PDE4C hypomethylation, PDE4C upregulation promoted
apoptosis and inhibited migration in glioma cell lines.® As such, PDE4C has been identified as a
candidate glioma biomarker and potential tumor suppressor.® Interestingly, PDE4C DNA

methylation increases with age and may be associated with later age at onset of disease.’
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Similar to PDE4C overexpression, PDE4C underexpression can also be regulated by
miRNAs. A recent study by Tsai and colleagues on asthma and COPD found elevated levels of
miR-10a-5p may contribute to disease pathogenesis by suppressing PDE4C.® Although the exact
mechanism of miR-10a-5p in NSCLC has yet to be elucidated, the miR has also been found to be
upregulated in LUAD tumors, relative to normal tissue from the same patients.’ This would
suggest that miR-10a-5p is an oncomiR that downregulates PDE4C in LUAD tumors.
Anti-miR-10a-5p therapies may improve stomach adenocarcinoma, glioma and LUAD patient
outcomes.

3. PDE4C overexpression and underexpression in LUAD patients

Chapter 1 of this study found 30% of EA males had PDE4C amplifications and
overexpression, compared to 13% of AA males in the TCGA LUAD patient cohort (Ch. 1 Fig.
2). Increased PDE4C expression was associated with better survival in both races, suggesting a
protective effect (Ch. 1 Table 6-7 and Fig. 6-7). However, the improvement was greater for AA
males with high expression (~62 months), compared to their EA counterparts (~38 months). Still,
the majority of AA males are low-expressors (87%), suggesting they may benefit from
PDE4(C-targeting interventions.

4. PDE4 genes promote EMT phenotype and EMT markers can be used as indicators of
treatment efficacy

EMT is a reversible process by which epithelial cells lose their cell polarity and cell-cell
adhesion, and become invasive, migratory mesenchymal cells.'® This transition enables
biological processes such as embryonic development and wound healing, as well as cancer
metastasis and progression.'” In NSCLC, low e-cadherin (CDH1) and high vimentin (VIM)

expression are characteristics of EMT, and correlated with worse prognosis and overall
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survival."!' EMT promotes chemotherapeutic (cisplatin) resistance and EMT markers can be used
as a measure of treatment efficacy.'? If PDE4C overexpression treatments mechanistically target
EMT, they would be viable alternatives to chemotherapy.
5. Hypothesis

To our knowledge, no study to date has characterized the population-specific effects of
PDEA4C plasmid overexpression on EMT phenotypic markers, CDH1 and VIM. 1 hypothesize
that PDE4C plasmid overexpression will result in low CDH1 and high VIM expression in AA
and EA LUAD male cell lines.
B. Methods
1. EMT gene comparison by race and PDE4C status in LUAD TCGA cohort

Downloaded mRNA sequencing data for EMT phenotypic markers from Broad GDAC

Firehose (https://gdac.broadinstitute.org/) Performed differential analyses for CDH1 and VIM

expression according to race and PDE4C expression status in the LUAD TCGA cohort.
GraphPad Prism 9.0 was used to carry out two-tailed t-tests with Welch corrections.
2. Tissue culture

Immortalized, patient-derived LUAD tumor cell lines were obtained from the National
Cancer Institute and American Type Culture Collection. The AA male cell line used was
NCI-H1373. The EA male cell line used was A459. Cell lines were cultured in RPMI media
supplemented with 10% fetal bovine serum, 1% glutamine, and 1% penicillin-streptomycin. All
cells were incubated at 37 °C and 5% CO,, and split every three days or until 90% confluent.
3. Bacterial transformation and PDE4C plasmid expansion

Subcloning Efficiency™ DHS5a Competent Cells (ThermoFisher Scientific, Cat#

18265017) were transformed with 10 ng PDE4C cDNA ORF Clone, Human, N-GFPSpark tag


https://gdac.broadinstitute.org/
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plasmid (Sino Biological, Cat# HG13977-ANG) and 250 pg pUC19 control plasmid. Briefly,
after 30 minutes of chemical transformation on ice, cells were heat shocked for 20 seconds at
42°C, and grown in 950 pL of pre-warmed SOC media (ThermoFisher Scientific, Cat#
15544034) for 1 hour at 225 rpm in 37°C. A total of 200 pL of transformed bacterial cells were
spread on pre-warmed 50 pg/mL kanamycin (PDE4C plasmid) and 100 ug/mL ampicillin
(pUC19 control plasmid) plates (Sigma Aldrich, Cat# L0543-10EA and L5667-10EA). All
plates were incubated for 16-18 hours at 37°C. Individual colonies on PDE4C plates were picked
for 3 mL starter cultures in LB Broth with 50 pg/mL kanamycin (Avantor, Cat# 100219-756).
Several 50 mL midiprep cultures were inoculated using 3mL starter cultures. PDE4C plasmid
extraction was performed using a Midiprep Kit (Zymo Research, Cat# D4200) in accordance
with manufacturer's protocol.
4. PDE4C plasmid overexpression in AA and EA LUAD cell lines and fluorescent microscopy
imaging

Approximately 250K NCI-H1373 (AA) and A549 (EA) cells were seeded in 6-well
dishes at least 24 hours pre-transfection. Two biological replicates (BR1 and BR 2) were carried
out, each containing technical duplicates of transfected (TF) and untransfected (UTF) cells.
Performed overexpression with 2,500 ng of PDE4C plasmid via Lipofectamine 3000 Reagent
(Cat# L3000008) in accordance with the 6-well, transfection of plasmid protocol. After 48 hours,
visualized and captured GFP-images using a Zeiss PrimoVert microscope and Zen Blue 2.6
software.
5. Total RNA isolation and quality

RNA was isolated from TF and UTF cell pellets (BR 1 and BR 2) using the Zymo

Direct-zol RNA MiniPrep kit (Cat# 11-330T) in accordance with the associated protocol. The
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Qiagen RNase-Free DNase Set (Cat# 79254) was used to perform the optional DNase treatment
to degrade contaminating genomic DNA. Total RNA was quantified with an Eppendorf
BioSpectrometer, by taking an average of two concentration measurements. A 260/280 ratio was
noted to assess RNA quality. Only samples with a 260/280 ratio of ~2.0 were used. All RNA
samples were stored at -80 °C.
6. cDNA synthesis

cDNA synthesis was accomplished via Applied Biosystems High-Capacity
RNA-to-cDNA Kit (Cat# 4388950) in accordance with manufacturer's protocol. About 1000 ng
total RNA was converted to cDNA for BR1 and BR2, including reverse transcriptase (+RT) and
(-RT) controls.
7. qRT-PCR primer design, resuspension, and dilution

Primers were designed for quantitative reverse transcription PCR (qQRT-PCR) using NCBI
Gene and Primer-BLAST. Candidate genes (PDE4C, CDH1, and VIM) and the housekeeping
control gene (GAPDH) were searched in NCBI Gene with a Homo sapiens filter. The RefSeq
transcript accession numbers were obtained. The longest isoforms were selected and the isoform
accession numbers were recorded. The “pick primers” feature was linked to Primer-BLAST.
Default primer design parameters were selected with the following changes: PCR product size:
Min-Max 70-200; Min-Max 50-65; Exon junction span: Primer must span an exon-exon
junction. Exon-exon junctions were spanned, when possible, to avoid binding to contaminating
genomic DNA which contains introns.

Resuspended primers to make 100 uM stock solutions, and centrifuged lyophilized
primers at 14,000 RPM at room temperature for one minute. Added appropriate amounts of

RNase-free water to each primer tube based on the amount of nmol in the tube. To create 10 uM
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diluted stock solutions for qRT-PCR, 10 pL forward primer [100 uM], 10uL reverse primer [100
puM], and 180 puL RNase free water was added to a 1.5 mL PCR-grade tube for each candidate
gene. The same process was repeated for GAPDH.

8. qRT-PCR analysis of PDE4C, CDH1 and VIM

Quantitative PCR was performed on cDNA samples using Applied Biosystems SYBR
Green PowerUp Master Mix (Cat# 4387406), using a total reaction volume of 20 pL per well
set-up in accordance with the company's protocol. All experiments included either PDE4C
(annealing temperature: 57°C), CDH1 (annealing temperature: 58°C), or VIM (annealing
temperature: 60°C), and the following controls: GAPDH as the housekeeping gene (internal
positive control) and water (no template negative control). Data were analyzed via the delta-delta
cycle threshold (AA Ct) method for relative quantification.

C. Results
High PDE4C expression is associated with significant racial differences in VIM expression in
AA and EA males with LUAD.

Among PDE4C high expressors with LUAD, there was marginally decreased CDH
compared to PDE4C low expressors (Fig. 1). Though EA high expressors had a wider range for
CDH1, both AA and EA high expressors shared similar medians of expression for the CDH1
gene (Fig. 1). There was no significant difference in CDHI expression by race (Fig. 1). However,
there was a significant difference in VIM expression by race (Fig. 2). AA high expressors
demonstrated lower VIM expression in median and range, compared to their EA high expressor

counterparts (Fig. 2).
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Fluorescent imaging demonstrated efficient PDE4C transfection.

The fluorescence status of AA (NCI-H1373) and EA (A549) male LUAD cells was
assessed 48 hours post-PDE4C plasmid transfection. Untransfected AA and EA LUAD cells did
not show GFP tag presence and served as a negative control (Fig. 3). Transfected AA and EA
LUAD cells both showed GFP tag expression (Fig. 3). This substantiated effective PDE4C
plasmid transfection and overexpression (Fig. 3).

PDEA4C overexpression is associated with increased CDH1 and VIM expression in AA cells.

The expression status of EMT phenotypic markers, CDHI and VIM, was assessed
post-PDE4(C plasmid transfection. In transfected AA NCI-H1373 cells, both CDHI and VIM
expression was increased relative to GAPDH (Fig. 4-5). In transfected EA A549 cells, CDH1
expression was unchanged and VIM expression was decreased relative to GAPDH (Fig. 4-5).
Since both findings in AA and EA males diverge from the traditional EMT phenotype, PDE4C
may be acting indirectly.

Six PDE4C protein partners are associated with lung cancer.

Protein-protein interaction analysis revealed PDE4C has eight known direct protein
partners in the STRING database (Fig. 6). Of which, six protein partners are associated with lung
cancer in Malacards (Table 1). In particular, PRKA and PRKACB play a role in cell
differentiation and proliferation, respectively (Table 1).

AA LUAD cell line demonstrates greater genetic admixture compared to EA cell line.

The two human cell lines used were matched by sex and age (Table 2). When comparing

genetic ancestry, the AA cell line (NCI-H1373) was 71.79% African, 1.21% Native American,

4.32% Asian and 22.67% European (Table 2). The EA cell line (A549) was 99.28% European
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and 0.72% Asian (Table 2). Several studies have shown variation in genetic ancestry drives
differences in tumor biology.

D. Discussion
In contrast to the proposed hypothesis of this chapter, high PDE4C expression (whether

naturally occurring or experimentally induced) is not associated with the EMT phenotype in
male patients with LUAD, regardless of race. The LUAD TCGA cohort and cell line revealed
seemingly contradictory patterns for AA males. AA PDE4C high expressors showed low CDH1
and low VIM gene expression. Meanwhile induced overexpressors showed high CDHI and high
VIM gene expression. This suggests that PDE4C is not directly involved in the EMT pathway in
AA male patients with LUAD. Instead, PDE4C protein partners, such as PRKACB which plays a
role in cell proliferation, may affect lung cancer progression and aggressiveness.

A number of studies have found that differences in genetic ancestry can be linked with
more aggressive tumor biology.'? Due to the Translatlantic Slave Trade, there is greater
heterogeneity and genetic admixture in the AA population."* This may help explain the
discrepancy between AA primary lung tumor data and lung cancer cell lines. AA LUAD patients
in the TCGA cohort have West African ancestry that ranges between 33.46% and 94.28%. The
AA LUAD cell line NCI-H1373 has 71.79% African ancestry. EA patients have <10% West
African ancestry and the EA cell line A549 is 99.28% European.

It is important to note the limitations of this study. One of which is the use of only one
cell line of each race. Mechanistic studies using multiple cell lines of varying genetic ancestry
would provide more robust results and more generalizable conclusions. Another limitation is the
lack of selection for successfully transfected H1373 and A549 cells with Geneticin (G418). As a
result, qRT-PCR results for the PDE4C OE experimental group may reflect expression levels in

both successfully and unsuccessfully transfected cells. Future investigations should transfect
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multiple cell lines with a PDE4C plasmid with a GFP tag, and select for both kanamycin and
G418 resistance.

E. Tables and Figures
CDH1 Expression Based on PDE4C Expression Level, By Race in Male Patients with LUAD
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Figure 1. CDH1 expression based on PDE4(C expression level, by race in male TCGA
patients with LUAD. Box and whisker plot showing unpaired two-tailed t-test with a Welch’s
correction showing mRNA-Seq RSEM values of CDH1 for AA (red) and EA (blue) male LUAD
patients, stratified by low and high PDE4C expression status. (ns>0.05)

VIM Expression Based on PDE4C Expression Level, By Race in Male Patients with LUAD
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Figure 2. VIM expression based on PDE4C expression level, by race in male TCGA patients
with LUAD. Box and whisker plot showing unpaired two-tailed t-test with a Welch’s correction
showing mRNA-Seq RSEM values of VIM for AA (red) and EA (blue) male LUAD patients,
stratified by low and high PDE4C expression status. (unpaired two-tailed t test with Welch
correction ns>(0.05, ****<(.0001)



39

Untransfected PDEAC Transfected

Untransfected PDEA4C Transfected

b)
Figure 3. PDE4C overexpression in male LUAD cell lines. Fluorescent imaging showing
PDE4C plasmid expressing GFP-tag in untransfected and transfected a) AA and b) EA male
LUAD cell lines.
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Figure 4. CDH]1 expression status after PDE4C overexpression. qRT-PCR analysis showing

relative CDH1 gene expression levels in untreated and 48 hour PDE4C transfected (OE) AA

(NCI-H1373) and EA (A549) LUAD cell lines. All fold changes were calculated using the Delta
Delta CT method. (repeated measures one-way ANOVA ns>0.05, error bars represent technical

and biological replicates)
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Figure 5. VIM expression status after PDE4C overexpression. qRT-PCR analysis showing
relative VIM gene expression levels in untreated and 48 hour PDE4C transfected (OE) AA
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(NCI-H1373) and EA (A549) LUAD cell lines. All fold changes were calculated using the Delta
Delta CT method. (repeated measures one-way ANOVA ns>0.05, error bars represent technical

and biological replicates)
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Figure 6. PDE4C protein-protein interactions. STRING network of high confidence
(score>0.700) PDE4C protein-protein interactions from curated databases (blue) and experiments

(pink).

Table 1: Functions of PDE4C protein partners associated with lung cancer. Lung cancer

association based on Malacards.
Protein partner Solr Relevance Score Function

DCK 21.432 Required for the phosphorylation of the deoxyribonucleosides deoxycytidine (dC), deoxyguanosine (dG) and deoxyadenosine (dA).
PRKACB 2.485 Mediates eAMP-dependent signaling, thus regulating cellular processes like cell proliferation.

PREA 1.081 Phosphorylates substrates in the cytoplasm and the nucleus, regulates some cell differentiation.

PREKACG 0.504 Phosphorylates substrates in the cytoplasm and the nuelens.

ADK 0.192 ATP dependent phosphorylation of adenosine and other nucleosides, potential regulator of adenine and adenosine concentrations.
APRT 0.141 Catalyzes a salvage reaction to form AMP.

Table 2: LUAD Cell Line Patient Characteristics, matched by age and sex.

Genetic Ancestry
Cell Line  Sex Age Race African Native American Asian European
NCI-H1373 Male 56 AA 71.79 1.21  4.32 22.67

A549 Male 58 EA 0 0 072 99,28
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VI. CONCLUSIONS

Chapter 1 revealed PDE4C SCNV profiles varied significantly between AA and EA
males with lung cancer (Ch. 1 Tables 2-5). In the LUAD histology specifically, AA males
demonstrated less PDE4C amplification and lower expression compared to their European
counterparts (Ch. 1 Fig. 2). This low expression was associated with shorter disease free survival
in both populations (Ch. 1 Fig. 7, Ch. 1 Table 7).

The mechanistic study in Chapter 2 was inconclusive as to the direct effect of PDE4C
overexpression on the EMT phenotype in LUAD cells from AA males (Ch. 2 Fig. 4-5). AA
genetic heterogeneity may contribute to the conflicting CDH1 and VIM expression results of the
TCGA cohort and cell lines (Ch. 2 Table 2). AA patients with high PDE4C expression and
longer survival may have lower West African ancestry. They may also depend on protein
partners like PRKACB instead of CDH1 and VIM (Ch. 2 Fig. 6, Ch. 2 Table 1). Future
investigations should explore the in vivo effects of PDE4C and its six interacting protein partners

on cancer progression pathways and survival in transgenic mouse or fish models.
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