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Il.  Biographical Sketch

| am Savanna Touré, a senior at Lafayette College. | will obtain my Bachelors of Science
degree in Neuroscience in May 2021. This is my third semester doing lung cancer disparities
research with Dr. Khadijah A. Mitchell. | met her in the spring of my sophomore year (2018-
2019) when | was actively searching for a Black mentor in the Biological Sciences. | was
committed to working with her because of her diligence, as well as her mentoring and
outreaching to Black students and community-centered work. This was the first time that | had
met someone who looks like me in STEM and focused on my research interest, racial disparities.
| started my research with her in the summer of 2019 where | focused on if racial differences
exist among transcriptomic factors in lung cancer patients.

My health disparities research originally developed from my research in environmental
determinants of reproductive health, cultivated when working with Dr. Melissa Perry and Ms.
Laura Neumann. I then began working in Dr. Mitchell’s Integrative and Translational
Laboratory for Applied Biology (IT LAB) during my third year of college and decided to pursue
a thesis for my upcoming senior year. The following summer of 2020, | performed research
under Dr. Adam Engler at the University of San Diego School of Medicine. | continued to
enhance my computational skills using applications, such as R Studio, to conduct in silico
analysis on racial differences in the expression of an oncogene in triple-negative breast cancers
from African Americans and European Americans. It was here that | began to refine the
statistical skills necessary to carry out my honors thesis work.

After graduation, | will be completing a two-year post baccalaureate research fellowship
under Dr. Derek C. Radisky at the Mayo Clinic in Jacksonville, FI. I am working with breast

cancer biological factors that exacerbate the racial disparities between African American women



compared to European Americans. | also plan to shadow and assist clinicians in the area, which
will prepare me with the tools for applying, succeeding, and graduating from an NIH-funded

M.D./P.hD. program focused on population health sciences.



I1l.  Abstract

Background: Lung cancer is the leading cause of cancer-related deaths in the US, with the most
prevalent subtypes being lung adenocarcinoma (LUAD) and lung squamous cell carcinoma
(LUSC). African Americans (AAs) have worse mortality and survival compared to European-
Americans (EAs). Smoking negatively impacts treatment outcomes of lung cancer patients.
However, AAs smoke less. When they do smoke, AAs choose menthol cigarettes more than EAs
(88.5% vs. 25.7%). In previous studies, menthol-associated genomic (MRGPRX4) and
metabolomic (menthol-glucuronide) biomarkers have been linked to AA smokers. To my
knowledge, no lung cancer study has explored population-specific transcriptomic biomarkers,
specifically, microRNA (miR) variants (isomiRs) that regulate UGTs and CYPs (menthol
metabolizing enzymes, MMES) before and after menthol exposure.

Hypothesis 1: Population-specific isomiRs drive racial differences in menthol-induced UGT and
CYP expression.

Hypothesis 2: isomiR-374b-5p|3’a-1 expression is associated with race-specific expression
changes of CYP1B1 and UGT2B4 upon menthol exposure in cell lines from AA and EA LUAD
patients.

Research Methods: Clinico-, miRNA-, isomiR-, and mRNA-sequencing data for 1,046
miRNAs were obtained from the Broad GDAC Firehose for 394 LUAD patients (n=50 AAs, 342
EAs) and 294 LUSC patients (n=24 AAs, 270 EASs) in the TCGA cohort. Differential expression
of miRNAs, isomiRs, UGTs, and CYPs by race were determined (one way ANOVA and two-
tailed t-test with Welch’s corrections). A correlation matrix integrated the various transcriptomic
expression. Two cell lines, H1373 (AA) and A549 (EA), were exposed to cigarette smoke
condensate (CSC) and menthol. After 6-hour exposure, qRT-PCR was performed. The Delta
Delta CT method was used to determine population-specific expression levels for miRNA,
isomiR, and target MMEs.

Results: A total of 13 miRNAs targeting 22 UGT and 47 CYP genes were differentially
expressed (DE) in LUAD (n=10/1,046), LUSC (n=4/1,046), and LUAD and LUSC (n=1/1,046)
patients. Only 3/13 DE miRNAs, in LUAD patients, had abundant population-specific isomiRs
targeting MMEs (miR374b, miR96, and miR503). The most abundant isomiRs were among the
canonical miR374b. In a subset of AA patients, high expression of miR-374b-5p|3’a-1 correlated
with low expression of menthol-metabolizing gene regulation. Upon menthol exposure, lung
cancer cells from AAs had significantly higher expression of miR-374b-5p|3’a-1.

Conclusion: This data suggests that AA-specific miR-374b-5p|3’a-1 is induced upon menthol
exposure in AAs and may provide a functional link to MME gene regulation in this population.
isomiR expression was not associated with CYP1B1 and UGT2B4 levels, but maybe associated
with CYP2UL. If high isomiR-374b abundance is associated with low CYP2U1 expression, this
population-specific transcriptomic change has the possibility to be a novel therapeutic option for
lung cancer patients. Adopting a precision medicine approach and developing an FDA-approved
targeted therapy to upregulate isomiR-374b expression can help reduce the observed disparities.



IV. Introduction

A. Racial disparities in lung cancer mortality and survival

Lung cancer is the leading cause of cancer-related mortality in the U.S., with over
131,000 deaths per year, more than breast, prostate, colorectal, and brain cancers combined?.
Five-year lung cancer survival is 21% which is one of the worst among all cancers, including
pancreas (10%), liver (20%), and esophagus (20%)* carcinomas. Racial disparities exist in lung
cancer mortality and survival. African Americans (AAs) have a higher mortality rate (48.6 vs. 46
per 100,000) and lower 5-year survival (17.1% vs. 19.7%) compared to European Americans
(EAs)?. Higher mortality and lower survival rates in AAs are associated with later diagnoses at
stages 111 and IV compared to EAs, where standard curative care is limited®. The racial
differences in mortality and survival rates have also been attributed to population-specific
smoking behaviors.

B. Known behavioral determinants of racial disparities in lung cancer: smoking

In addition to causing lung cancer, smoking after diagnosis can also impact a patient’s
therapeutic response and influence mortality and survival rates. Among lung cancer patients who
are current smokers at the time of diagnosis, over 80% continue to smoke after diagnosis 6. AAs
smoke less and are more likely to be intermittent or light smokers compared to EAs. However,
they still have worse mortality and survival outcomes than their EA counterparts®.

Notably, smoking brand preferences differ among racial groups. Roughly 88% of AAs
choose menthol cigarette brands, a regular tobacco with the flavoring of menthol, compared to
26% of EAs”. In the 1970s, tobacco companies heavily targeted AAs to purchase and consume
menthol cigarettes. Menthol cigarettes are popular for AA smokers due to their cooling effect

that masks the bitter taste of other toxicants in tobacco compared to traditional cigarettes®. Others



have suggested this masking effect leads to deeper inhalation amongst menthol cigarette
smokers, which may contribute to a more aggressive lung tumor biology and the racial
disparities in mortality and survival observed®. Population-specific smoking behaviors, like
menthol cigarette preference, have also been implicated in poor outcomes after radiation and
chemotherapy treatment®. Smoking cessation has been linked to decreased risk of cancer
recurrence, better survival, and increased therapeutic response’. Tailored menthol smoking
cessation programs would greatly benefit this population.

Cigarette smoking can impact metabolism through cytochrome P450 (CYP) enzymes, a
key family of enzymes responsible for breaking down toxins and drugs. Previous studies have
reported I-menthol has an inhibitory effect on CYPs, and fails to activate the enzymes®. Though
researchers have explored menthol cigarette smoking as a behavioral determinant, biological
changes may also be involved.

C. Known biological determinants of racial disparities in lung cancer: genomic and
metabolomic level

The biological role of menthol cigarette smoking is widely debated. Interestingly,
African-ancestry specific menthol biomarkers have been identified at the genomic (MRGPRX4
DNA) and metabolomic (menthol-glucuronide) levels %1, An African ancestry-specific G
variant for the MRGPRX4 gene has been associated with menthol smoking and its cooling
effect’®!, which may contribute to longer consumption and deeper inhalation by AA smokers
compared to EA smokers. Distinct metabolomic profiles in AAs may also be involved. Menthol-
glucuronide, a menthol metabolism biomarker, is higher among AA smokers compared to EA
smokers!t. A major menthol detoxifying agent is UGT2B7. Along with CYPs, UDP-

glucuronosyltransferases (UGTSs) are another family of enzymes known to break down toxins and



drugs't. High levels of menthol-glucuronide in AAs suggests this process may be slower to clear
tobacco carcinogens in AAs.

CYPs and UGTs are both induced by cigarette smoking, and break down potential
tobacco carcinogens, like menthol*2. In this thesis, 1 will refer to both enzyme families as
menthol-metabolizing enzymes (MMES). Previous research has noted that AAs with a
population-specific CYP2D6 mutation have a slower metabolic rate than EAs 2. Clinical practice
in this population should consider CYP2D6 mutation status for drug therapy recommendations.

In general, few studies have explored menthol-associated transcriptomic (RNA)
differences by race. Specifically, racial differences in MME expression (UGTs and CYPs) are
rarely explored. Recently, our lab has shown population-specific expression of MMES among
lung cancer patients, with decreased expression of both CYP and UGT mRNAs in AAs*,
Furthermore, the regulation of MME mRNAs through microRNAs and their variants may also be
implicated in the racial differences at the transcriptomic level.

D. Novel biological determinants of racial disparities in lung cancer: transcriptomic level

Transcriptomic level changes are molecular indicators of genomic differences between
AA and EA populations. Our lab has found differences of the coding transcriptome in lung
tumors and normal tissues by race, identifying 40 genes that were population-specific between
AAs compared with EAs®®. Only recently has the non-coding transcriptome been examined as
potential drivers of transcriptomic differences seen between AAs and EAs with lung cancer. For
example, we have shown that high expression of miR-191 in lung tumors from AAs is associated
with targeting and downregulation of (DE) the tumor suppressor DUSP7 gene compared to

EAs'®. MicroRNAs drive the expression patterns of DE genes, thus, providing more support into
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the study of population-specific expression of MMEs among lung cancer patients and
implications for precision medicine interventions.
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V. Chapter 1: Identifying population-specific isomiRs targeting differentially expressed
UGTs and CYPs in tumors from African Americans and European Americans with
lung cancer
A. Introduction
1. MicroRNAs in cancer and cancer disparities: diagnosis, prognosis, and treatment
MicroRNAs (miRNAS) are 22 base pair sequences that target mMRNAS, and subsequently
lead to the silencing of expression and inhibition of translation'?. By partially binding to the
3’untranslated region (UTRs) of target MRNA, miRNAs can deregulate or cause the degradation
of the mMRNA'?. MicroRNAs are key regulators of cell proliferation, apoptosis, and
tumorigenesis, with evidence to suggest their importance in cancer diagnosis, prognosis, and
treatment. MicroRNAs, such as miR-181a and a miR221/miR222 cluster, have been used to
diagnose and determine prognosis of patients with cancer'?. Treatment outcomes for patients
have also been impacted by miRNAs through miRNA sponges, which have the ability to
continuously inhibit miRNA function. MicroRNA sponges have been used to inhibit miR-10b in
tumor cells which led to a >90% reduction in lung metastases*3. Small regulatory molecules,
such as miRNAs, continue to shed light on precision medicine approaches by contributing to
diagnostic, prognostic, and treatment outcomes of patients. MicroRNAs have a canonical form,
also known as mature miRNA.
2. IsomiRs in cancer and cancer disparities: diagnosis, prognosis, and treatment
MicroRNAs have variants, also known as isomiRs, that can differ in length, sequence,
and biology compared to their mature miRNAs*. There are four types of isomiR sequences: (1)
3’ isomiR, (2) 5’ isomiR, (3) polymorphic isomiRs (changes within the internal mature miRNA
sequence), and (4) mixed type isomiRs (two or more termini and polymorphic isomiRs)*. The 3

and 5’ isomiRs can have alterations, such as addition and deletion, at 3’or 5’ end with respect to
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the canonical form. It has been suggested that isomiRs play a vital role in cancer diagnosis,
prognosis, and treatment. Previous studies have noted isomiRs with cancer-specific expression or
sensitivity that would allow it to serve as a better potential diagnostic biomarker compared to
mRNA and mature miRNA¢, Over 32 TCGA cancer types were specified by the presence or
absence of 7,466 isomiRs®. This has implicated isomiRs as potential diagnostic and prognostic
classifiers®®. As novel diagnostic and prognostic tools, isomiRs have also been evaluated in
potential precision medicine interventions. In previous studies, isomiR-specific sponges were
used to inhibit the regulatory effect of isomiRs on genes associated with various diseases'’. The
potential to target oncogene regulation through canonical miRs and isomiRs remains promising
and may address cancer racial disparities at the biological level.

IsomiRs may play a key role in cancer disparities. Population-specific isomiR expression
has been suggested to interfere with normal breast molecular physiology, potentially associating
racial differences seen with triple-negative breast cancer (TNBC)®. Differentially expressed
(DE) isomiRs regulate differentially wired (DW) mRNAs in normal and tumor tissues, further
impacting metastatic-associated and key cancer pathways*®. This suggests that DE isomiRs by
race may distinguish cancer types with greater specificity. Few studies have examined the role of
DE isomiRs in lung cancer disparities'®8°, Profiling population-specific isomiRs targeting DE
MMEs by race may provide further insights into using isomiR-specific sponges for patients with
lung cancer.

3. Hypothesis
| hypothesize that population-specific isomiRs drive racial differences in menthol-

induced UGT and CYP expression.
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B. Methods
1. Clinico-demographic data extraction for the TCGA patient cohort

Non-small cell lung cancer (NSCLC) is the most common lung cancer type (85% cases),
with two predominant subtypes: lung adenocarcinoma (LUAD, 40%) and lung squamous cell
carcinoma (LUSC, 25%)?° . The clinical information for 74 African American (AA) and 612
European American (EA) NSCLC patients in The Cancer Genome Atlas (TCGA) study (50 AA
and 342 EA LUAD patients; 24 AA and 270 EA LUSC patients) were downloaded from

cBioportal for Cancer Genomics (https://www.cbioportal.org). Chi-squared and Kruskal Wallis

statistical tests were performed to determine any confounding variables.
2. Differentially expressed miRNAs by race and their MME-mRNA targets

Annotated clinico-demographic information was subsequently merged with normalized
miRNA- and mRNA-sequencing data downloaded from the Broad GDAC Firehose

(http://gdac.broadinstitute.org/). All normalized data were imported into Partek Genomic Suite

7.0. The Partek Genomics Suite 7.0 miRNA Expression Workflow was used to carry out a
differential expression by race with a one-way analysis of variance for all miRNAs (n = 1,046),
P-value and False Discovery Rate <0.05. TargetScanHuman 7.2 was used to find target UGT and
CYP mRNAs for the DE miRNAs. The DE miRNAs that did not regulate both MMEs were
removed from further analysis.
3. Differentially expressed isomiRs by race and their MME-mRNA targets

Annotated clinico-demographic information was subsequently merged with normalized

isomiR-sequencing data downloaded from the Broad GDAC Firehose

(http://gdac.broadinstitute.org/). The isomiR-sequencing data was filtered to only include mature

variants of DE canonical miRNAs. A nomenclature system from Telonis and colleagues®® was
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used to distinguish isomiRs. First, the canonical miRNA name was found in the miRBase

database version 22.1 (http://www.mirbase.org/) (e.g. miR-374b). Next, the miRBase accession

number was used to identify which arm of the premiRNA gives rise to the isomiR (e.g. accession
number: MIMAT0004955, miR-374b-5p). The isomiR was determined relative to the canonical
miRNA sequence using the human reference genome (e.g. miR-374b-5p|+2|-1).

I devised a nomenclature system to more clearly specify 3’ and 5’ isomiR positions, and
any associated base pair additions and deletions. The isomiR coordinates were aligned with the
GRCh37/hg19 human genome assembly (e.g. chrX:73,438,382-73,438,453)

(https://genome.ucsc.edu/cgi-bin/hgGateway). The 3” and 5° end of the isomiR was listed.

(P2

Additions were denoted by “a” and deletions by “t” for termination/deletion, followed by a
numeral that reflected the number of base pair changes (e.g. miR-374b-5p|3’a-1|). Polymorphic
isomiRs were filtered out.

A criterion for low and high isomiR expression, sensitivity, and specificity was adapted
from Magee and colleagues?'. Sensitivity is the ability to detect bonafide base changes in
isomiRs as opposed to background sequencing errors. Specificity is the ability to differentiate
between isomiRs from the same canonical mMiRNA. Lowly expressed miRs were characterized
by <I1.0 Read Per Million (RPM), high sensitivity, and low specificity. Highly expressed miRs
had > 5.0 RPM, low sensitivity, and high specificity. To balance between sensitivity and
specificity of the isomiR, mean expression >3 RPM was used, which was moderately expressed,
and assumed to have high sensitivity and high specificity. GraphPad Prism 9.0 was used to
identify DE isomiRs (mean expression >3 RPM) by performing unpaired t-tests with Welch’s

corrections.
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4. Differentially expressed candidate isomiR analysis by potential confounding variables

A candidate DE isomiR was selected based on meeting the following summary criteria:
DE canonical miRNA by race (P+FDR <0.05) that targeted both UGTs and CYPs and DE
isomiR by race (P <0.05) with >3 RPM and high sensitivity and specificity. The isomiR with
the greatest RPM abundance was selected based on the assumption it had the strongest
association with cancer. An unpaired t-test with Welch’s correction in GraphPad Prism 9.0 was
used to evaluate candidate DE isomiR expression in AAs and EAs with NSCLC stratified by
relevant clinico-demographic variables.
5. Differentially expressed MMEs targeted by candidate isomiR

Annotated clinico-demographic information was subsequently merged with normalized
MRNA-sequencing data downloaded from the Broad GDAC Firehose

(http://gdac.broadinstitute.org/). The mMRNA-sequencing data was filtered to only include the DE

candidate isomiR target UGTs (n = 2) and CYPs (n = 16). An unpaired t-test with Welch’s
correction in GraphPad Prism 9.0 was used to evaluate DE UGT and CYP expression in AAs and
EAs with NSCLC stratified by relevant clinico-demographic variables.
6. Integration analysis of miRNA-, isomiR-, and MME-expression by race

A total of 28/50 AA and 124/342 EA LUAD patients had all three data types (miRNA-,
isomiR-, and MME mRNA-sequencing). Graph Pad Prism 9.0 was used to perform a correlation
matrix analysis based on DE miRNA, isomiR, and MME mRNA expression. The p-values,
correlation statuses, and R squared values were obtained from the data. Heat maps were

generated for all patients, and then evaluated further by race.
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C. Results
1. There were significant differences in age at diagnosis, smoking status, and vital status
in AA and EA NSCLC patients

AAs with LUAD had significantly lower age of diagnosis compared to EAs (~60 vs. ~66)
(P =<0.0001, Table 1, left). There was a significant racial difference in smoking status among
LUAD patients (P = 0.0389, Table 1, left). There was a significant difference between vital
status and race of LUSC patients (P = 0.0248, Table 1, right).
2. There are 13 upregulated miRs targeting UGTs and CYPs in AA lung cancer patients

There are 17/1,046 DE miRNAs by race. All DE miRNASs by race were upregulated in
AAs compared to EAs (Table 2, third column). Of the 17 DE miRNAs, only 13 miRNAs
targeted both UGTs and CYPs. Four miRNAs (miR-548j, miR-422a, miR-212, and miR-1912)
were removed from further analyses due to not meeting the criteria of targeting both UGT and
CYP enzymes. There were 10/13 LUAD-specific miRNAs, 2/13 were LUSC-specific miRNAs,
and one was a pan-cancer miR present in both histologies (miR-1304) (Table 2).
3. There are two differentially expressed isomiRs by race from the highly abundant miR-
374b

Three DE miRNAs by race (miR96, miR374b, miR503) had seven abundant candidate
isomiRs (mean expression >3 RPM) (miR96: 2, miR374b: 4, miR503: 1). After performing
differential expression by race for candidate isomiRs, miR96 was excluded for lack of
population-specific isomiR expression. The remaining three candidate isomiRs are seen in the
third column of Table 3. It is known that isomiRs can target different MRNASs than their
canonical miRNA. The three candidate isomiRs have the same predicted MME targets as their

canonical miRNAs (Table 3, right). The most highly abundant of the three candidate isomiRs
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was miR-374b-5p|3’a-1, which is a LUAD specific isomiR (Figure 1A). The miR-374b-5p and
its isomiRs are located on the g arm of the X chromosome (Figure 1B). The Human Genome
Build GRCh37/hg19 showed an additional base on the 3’end of 5p (MiR-374b-5p|3’a-1) (Figure
1C).
4. Population-specific expression of candidate isomiR is independent of age and smoking
status in LUAD patients

Interactions with race were evaluated by stratifying patients based on potential
confounding variables (age and smoking status, Table 1). Overall, the miR-374b and miR-374b-
5p|3’a-1 isomiR showed significantly higher expression in AA patients (Figure 2, top). Age and
smoking status did not change the direction of the race-specific expression pattern of miR-374b-
5p|3’a-1. The racial difference is more pronounced in people below 70 years of age (Figure 2,
bottom left). The racial difference is significant in current smokers compared to other groups
(Figure 2, bottom right). Because there were only two AA never smokers, meaningful
comparisons could not be made with the EA never smokers.
5. isomiR374b (miR-374b-5p|3’a-1) targets three population-specific UGTs and CYPs

Three MMEs (UGT2B4, CYP1B1, and CYP2U1) showed significantly decreased
expression in AAs. Age and smoking status did not change the direction of the race-specific
expression patterns. AAs were consistently downregulated when compared to EAs, independent
of age and smoking status (Figure 3A-C, left). UGT2B4 and CYP2U1 had pronounced racial
differences in patients below 70 years of age (Figure 3A and C, top right). UGT2B4 had a more
pronounced decrease in current smokers, while CYP2U1 had differences in former smokers
(Figure 3A and C, bottom right). CYP1B1 had the same general trend of lower expression in

AAs, however, this was not statistically significant.
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6. isomiR and mRNA expression statuses are correlated in a subset of AA patients

The correlation matrix of transcriptomic expression showed no significant interaction
between the miRNA, isomiR, UGT2B4, CYP1B1, and CYP2U1 expression in AAs and EAs
(Figure 4). In EAs, there were low miRNA and isomiR expressions that seemed to be associated
with moderately high CYP2U1 and high CYP1B1 expression (Figure 4, top). AA patients had
higher miR-374b expression that was also associated with lower UGT2B4 and CYP1B1
expression (Figure 4, bottom left). A subset of AA patients with the highest expression of miR-
374b and its isomiR correlated with lower expression of UGT2B4, CYP2UL1, and CYP1B1. This
pattern is to be expected due to previous findings.

D. Discussion

Differential expression of isomiRs from canonical miRNAs showed racial differences
between AAs and EAs. These patterns did not differ when accounting for age and smoking
status, which supports my hypothesis regarding a race-specific influence. Among current and
former smokers, there were significant racial differences in miR-374b-5p|3’a-1 expression. This
could possibly be due to the active regulation of metabolizing enzymes (MMEs) that work to
break down cigarette toxins, which shows a more pronounced racial difference.

In a subset of five AA patients with the highest expression of miR-374b-5p|3’al, isomiR
patterns were correlated with the downregulated expression of MMEs, UGT2B4 and CYP2UL.
This subset group could have biological factors that contribute to the expression patterns seen:
specific genetic ancestral composition, smoking statuses, and treatment outcomes. The high
expression of isomiRs have been seen to exert their binding affinity to the target MRNAs more
effectively, thus either deregulating or degrading it'®. The lack of this expression pattern within

a sample set of the 23 remaining patients limited the scope of the analyses. Nonetheless, these
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results may produce clinical implications behind the association of isomiRs with the expression
of menthol metabolizers. The chapter 2 research focuses on racial differences in menthol-
induced miR-374b-5p|3’a-1 and MME expression in cell lines from AA and EA LUAD patients.

This will provide more insight into the lung cancer race disparities discussed in this chapter.
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E. Tables and Figures

Table 1: Clinico-demographic characteristics of NSCLC patients from the TCGA cohort

AA LUAD EA LUAD AA LUSC EA LUSC
(n=50) (n=342) P (n=24) (n=270) P

Age (years)# 0.0001182 0.861
Mean (SD) 59.86 (10.18) | 66.01 (9.91) 67.5(7.33) 69 (8.82)
Range 39-80 40-88 56-83 41.5-85
Sex (Yo) 0.951 0.155
Female 27 (54.0) 187 (54.7) 10 (41.67) 70 (25.93)
Male 23 (46.0) 156 (45.3) 14 (58.33) 200 (74.07)
Smoking Status
(%)™ 0.0389 0.375
Never Smoker 3(6.0) 52 (15.2) 1 (4.35) 5 (1.92)
Current Smoker 16 (32.0) 76 (22.2) 9(39.13) 88 (33.72)
Former Smoker 29 (58.0) 202 (59.1) 13 168 (64.37)
Unknown 2 (4.0) 12 (3.5) 1 (4.35) 9 (3.33)
Stage (%)™ 0.932 0.245
I* 25 (50.0) 188 (55.0) 13 (54.17) 126 (47.19)
[1** 14 (28.0) 82 (24.0) 5(20.83) 103 (38.58)
[[]x* 7 (14.0) 55 (16.1) 6 (25) 36 (13.48)
vV 2 (4.0) 14 (4.1) 2 (0.75)
NA 2(4.0) 3(0.88)
Vital Status
CH 0.668 0.0248
Dead 16 (32.0) 124 (36.3) 16 (66.67) 110 (40.74)
Alive 34 (68.0) 218 (63.7) 8(33.33) 160 (59.26)

* Stage IA and IB, **Stage I1A and 11B, ***Stage I1IA, ~ Chi-squared test, #Kruskal Wallis Test

Highlighted cells show significant differences (P<0.05).
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Table 2. Differential expression of miRNAs by race targeting UGTs and CYPs in NSCLC

patients
P value +FDR <0.05 Menthol-Metabolizing Enzymes (MMESs)
HGNC Gene P-value AAVvs. | Sub-
Symbol (AAvs. EA) EA Type UGTs CYPs
CYP2U1,CYP1B1,CYP4F12,CYP3A7,
CYP3A,CYP2S1,CYP19A1,CYP3A4,
CYP46A1,CYP20A1,CYP27B1,CYP11,
CYP27C1,CYP51A1,CYP2B6,CYP4F3,
miR-1304* | 7.49E-17 LUAD| UGT2B10, UGT3A2 CYP7A1,CYP26B1,CYP2C19
CYP2U1,CYP2B6,CYP2C8,CYP2AS,
CYP2A7,CYP2A13,CYP4V2,CYP3A5,
UGT2B15,UGT2B10,| cYP11A1,CYP27B1,CYP26B1,CYPSBL,
miR-3667 3.80E-06 LUAD| UGT3A1,UGT2B4 CYP27C1,CYP20A1
UGT1A10,UGT1A3,
UGT2A3,UGT1A9,
UGT1A4,UGTIA7, | cyp1g1 CYP2C19,CYP26B1,CYP20AL,
UGT1A8,UGT1AS, | cyp2cs,CYP17A1,CYP3A7,CYP3A4,
UGT1A6,UGT1AL, | cYP7B1,CYP39A1,CYP4A11,CYP4A22,
miR-491 2.75E-05 LUAD UGTS CYP1A1,CYP51A1
UGT2B7, UGT2B28, | CYP3A5,CYP2EL1,CYP7AL,CYP4Z1,
miR-96 9.33E-05 LUAD UGTS,UGT2B4 CYP7B1,CYP4F3,CYP4F2,CYP19A1
CYP2U1,CYP1B1,CYP26A1,CYP7B1,
CYP26B1,CYP51A1,CYP2C8,CYP2J2,
CYP39A1,CYP4F11,CYP2S1,CYP4A22,
miR-374b | 0.00016249 LUAD| UGT2B4,UGT2B11 | CYP4F2,CYP4F3,CYP4All, CYP1A2
CYP2U1,CYP2C19,CYP27B1,CYP4F22,
CYP4F12,CYP20A1,CYP3A5,CYP4F3,
CYP2J2,CYP7B1,CYP2A13,CYP2W1,
UGT2A3,UGT3A2, | CYP3A5,CYP4B1,CYP4V2,CYP11B1,
miR-1252 |0.000351896 LUAD| UGT3A1,UGT2B4 CYP26B1
miR-1537 |0.000379101 LUAD UGT3A2 CYP27B1
CYP2C18,CYP8B1,CYP39A1,CYP4F2,
CYP24A1,CYP51A1,CYP20A1,CYP4F3,
miR-3685 |0.000395766 LUAD| UGT2B11,UG2B4 CYP27C1,CYP4V2,CYP27B1
UGT2A3, UGT2B28,
UGT2B10,UGT2B15,|  -ypoaa1 CYPAF3,CYP7B1,CYP2SI,
UGT2B7,UGT2B17, | cyp46A1,CYP2B6,CYP4A22,CYPAALL,
UGT2A2,UGTS, CYP20A1,CYP4F12,CYP2C8,CYP2A7,
miR-3611 |0.000406077 LUAD| UGT3A1,UGT2A1, CYP3A5,CYP27B1,CYPSB1
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UGT2B11

0.000520395

UGT2B7,UGT2B28,
UGT3Al

CYP3A5,CYP7B1,CYP20A1,CYP27B1,
CYP3A5

0.000646378

UGT3AL,UGT2B4

CYP1B1, CYP2C19,CYP26B1,CYP7B1,
CYP11B2,CYP2A7,CYP20Al

UGT2B10, UGT3A2

CYP2U1, CYP1B1, CYP4F12,CYP3A7,
CYP3A5,CYP251,CYP19A1,CYP3A4,
CYP46A1,CYP20A1,CYP27B1,CYP11B1
CYP27C1,CYP51A1,CYP2B6,CYP4F3,
CYP7A1,CYP26B1,CYP2C19

CYP1B1,CYP20A1,CYP1A2,CYP2C19,

CYP1A1,CYP8B1,CYP4F3,CYP4F31P,

CYP11A1,CYP4V2,CYP2B6,CYP11B1,
CYP11B2,CYP21A2,CYP27C1,CYP51Al

UGT2B10,UGT3A2 ,CYP2U1,CYP2C8,CYP4F11
UGT2B28,UGT3Al, | CYP2A7,CYP51A1,CYP4B1,CYP27B1,
UGT2B11 CYP2U1,CYP26B1,CYP2A7

0.000102689

CYP20A1,CYP3A5,CYP27C1,CYP2S1,
CYP4B1,CYP19A1,CYP3A4,CYP3AS5,
CYP26B1,CYP27B1

Highlighted cells show higher mean expression in AA patients (P <0.05).

24



Table 3. Differential expression of isomiRs by race targeting UGTs and CYPs in NSCLC

patients

P value +FDR <0.05

Menthol-Metabolizing Enzymes

(MMES)

HGNC
Gene
Symbol

Abundant isomiR ID

DE isomiR ID

P value

UGTs

CYPs

miR-96

miR-96-5p|3'a-1
miR-96-5p|5't-1|3'a-1

UGT2B7
UGT2B28
UGT8,UGT2B4

CYP3A5,CYP2E],
CYP7A1,CYP4Z1,
CYP7B1,CYP4F3,
CYP4F2,CYP19A1

miR-374b

miR-374b-5p|3'a-1
miR-374b-5p|5'a-1|3'a-1
miR-374b-5p|5't-1/3'a-1
miR-374b-5p|5't-2|3'a-1

miR-374b-5p|3'a-1

0.0163

UGT2B4
UGT2B11

CYP2U1,CYP1B1,
CYP26A1,CYP7B1,
CYP26B1,CYP51A1,
CYP2C8,CYP2J2,
CYP39A1,CYP4F11,
CYP2S1,CYP4A22,
CYP4F2,CYP4F3,
CYP4A11,CYPT7B1,
CYP1B1,CYP1A2

miR-374b-5p|5'a-1|
3a-1

0.007

UGT2B4
UGT2B11

CYP2U1,CYP1B1,
CYP26A1,CYP7B1,
CYP26B1,CYP51A1,
CYP2C8,CYP2J2,
CYP39A1,CYP4F11,
CYP2S1,CYP4A22,
CYP4F2,CYP4F3,
CYP4A11,CYP1A2

miR-503

miR-503-5p|3'a-1

miR-503-5p|3'a-1

0.0472

UGT3Al
UGT2B4

CYP1B1,CYP2C19,

CYP26B1,CYP7B1,

CYP11B2,CYP2A7,
CYP20A1

Highlighted cells show significant differences among abundant DE isomiRs (P<0.05).
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Figure 1. Candidate isomiR expression, chromosomal location, and sequence. (A) Scatter
plot of abundant DE isomiR expression in NSCLC patients. The red line indicates the mean. (B)
Chromosome map of DE miR-374b location on the human X chromosome shown with a red line.
(C) UCSC Genome Browser Track highlighting the sequence and direction of transcription
shown in red (start) and dark blue (end) for miR-374b-5p, the position of the DE candidate
iISomiR.
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Figure 2. miR-374b and miR-374b-5p|3’a-1 expression by race, age, and smoking status in
LUAD patients. Scatter plot showing a two-way interaction of patient race and age (<70 years
and >70 years, bottom left) and patient race and smoking status (never smokers, current smokers,
and former smokers, bottom right).

t-test with a Welch’s correction, ns > 0.05, * < 0.05, ** < 0.01

27



UGT2B4 Expression by Race
and Age in AAs and EAs with LUAD

* ns
- . 5000 | !} |
UGT2B4 Expression by Race in wood P 1 s <70 years
" —- b A
AAs and EAs with LUAD = 3500 . A >70 years
* [ .
. 5000+ | | T 2000 t
E 4000 = s S 1000 . i
o 3000 - . = 200
= 2000+ & 1504 N s s
o - ]
= 1000 . e 100 — 2
= L b
= 100 1 © 50 ' i :h
£
@ 80+ + 0-
% 60 AAs EAs AAs EAs
©
3 40— -
I 20
0=
AAs EAs
UGT2B4 Expression by Race
and Smoking Status in AAs and EAs with LUAD
50009 ] p———f ——f
E‘ :g:g: ' . * Never Smokers (NS)
Z 2000 . . #» Current Smokers (CS)
c .
é 1000 : . t . H « Former Smokers (FS)
= 100
E_ 80 . . .
2 60+ H
g 404 M
= .
20 LY
o

AAs NS EASNS AAsCS EAsCS AAsFS EAsFS

Figure 3. MME expression by race, age, and smoking status in LUAD patients. Scatter plot
showing a two-way interaction of patient race and age (<70 years and >70 years, top right) and
patient race and smoking status (never smokers, current smokers, and former smokers, bottom
right) for (A) UGT2B4, (B) CYP1B1, and (C) CYP2UL.

t-test with a Welch’s correction, ns > 0.05, * <0.05, ** < 0.01
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Figure 3. MME expression by race, age, and smoking status in LUAD patients. Scatter plot
showing a two-way interaction of patient race and age (<70 years and >70 years, top right) and

patient race and smoking status (never smokers, current smokers, and former smokers, bottom
right) for (A) UGT2B4, (B) CYP1B1, and (C) CYP2UL.
t-test with a Welch’s correction, ns > 0.05, * <0.05, ** < 0.01
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Figure 3. MME expression by race, age, and smoking status in LUAD patients. Scatter plot
showing a two-way interaction of patient race and age (<70 years and >70 years, top right) and
patient race and smoking status (never smokers, current smokers, and former smokers, bottom
right) for (A) UGT2B4, (B) CYP1BL1, and (C) CYP2UL.

t-test with a Welch’s correction, ns > 0.05, * <0.05, ** < 0.01
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Figure 4. Correlating matched isomiR-,miR-, and mMRNA- expression levels in AA and EA
patients with LUAD. Heat map showing the cluster of expression levels by isomiR statuses for
each patient in Reads Per Million (RPM). The top figure is EA expression cluster (n=124),
bottom left is AA expression cluster (n=28), and bottom right is subset of AA expression cluster
with the highest levels of isomiR 374b-5p|3’a-1 (n=5). (column effect ns > 0.05, * < 0.05).
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VI.  Chapter 2: Determining miR-374b-5p|3’a-1 and targeted UGT2B4 response upon
exposure to menthol in cell lines from lung cancer patients

A Introduction
1. miR-374b-5p expression and implications for its isomiRs in cancer

Overexpression of miR-374b-5p has been implicated in several cancers, including in
breast, head and neck, gastric, prostate, and melanoma®. Furthermore, the down regulation of
miR-374b-5p has also been associated with cancer®. The role of miR-374b-5p expression is
different in various types of tumors and needs to be further investigated. The expression of miR-
374b-5p has shown promise as a diagnostic and prognostic marker 23. Few studies have
investigated miR-374b-5p and its effect on non-small cell lung cancer (NSCLC) cells, and none
have examined racial differences. Previous research showed the downregulation of miR-374b-5p
in tumors compared to normal tissues, providing more insight into its tumor suppressor ability*®.

Though research has not been conducted on miR-374b-5p isomiRs, they may also be
important for gene expression and miRNA-mRNA targeting. The miRNA seed region is
important in regulating the target genes of the canonical miRNA. Both the canonical miRNA and
its isomiRs contain the same miRNA seed region. A study has shown isomiRs can interrupt the
canonical miRNA function, which in turn impacts their ability to regulate the target genes®. It is
possible that miR-374b-5p may have isomiRs that regulates its target genes, like CYP1B1 and
UGT2BA4.

2. CYP1B1 expression in cancer and unaffected smokers

CYPs are responsible for breaking down toxins including cigarette smoke and menthol.

CYP1B1 has decreased expression in African Americans (AAs) compared to European

Americans (EAs) with NSCLC (Unpublished, Shrestha). Cigarette smoking impacts gene

35



expression profiles’®. Leeuween and colleagues examined gene expression in blood cells from
smokers and nonsmokers, where they found CYP1B1 was differentially expressed (DE) and
upregulated in smokers compared to nonsmokers’.
3. UGT2B4 expression in cancer

The UGT2B sub-family, along with CYPs, are responsible for menthol glucuronidation
and control the speed of metabolism for compounds such as bile, steroids, chemotherapeutic
agents, and drugs®. Lung, aerodigestive, and pancreatic cancers are associated with smoking and
lower UGT2B expression’. UGT2B4 has been implicated in risk and development of breast,
pancreatic, and liver tumorigenesisi®'t. To my knowledge, no mechanistic studies in lung cancer
cell lines have examined CYP1B1 and UGT2B4 expression upon menthol cigarette smoke
exposure.
4. Hypothesis

| hypothesize isomiR-374b-5p|3’a-1 expression is associated with race-specific
expression changes of CYP1B1 and UGT2B4 upon menthol exposure in cell lines from AA and
EA LUAD patients.

B. Methods
1. Cell line selection and tissue culture

An AA (NCI-H1373) and EA (A549) cell line pair was purchased from National Cancer

Institute (https://dtp.cancer.gov/repositories/) and American Type Culture Collection

(https://wwwe.atcc.org/). The cell line pair was matched based on age, sex, histology, and culture

properties. The selected cell lines were were cultured with complete medium, containing RPMI-
1640 medium, 10% fetal bovine serum, 1% glutamine, and 1% penicillin-streptomycin. The

incubation conditions were 37.0°C and 5.0% CO- with subculturing every 2 to 3 days.
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2. gRT-PCR primer design

Quantitative reverse transcription PCR (QRT-PCR) primers for CYP1B1, UGT2B4,
TRPMB8 (biological control for menthol exposure), GAPDH (housekeeping control for mRNA
expression), candidate miR-374b-5p, and isomiR-374b-5p|3’a-1 were designed using NCBI
Gene and Primer-BLAST. Each target mRNA was searched in NCBI Gene with a Homo sapiens
filter. The RefSeq transcript accession numbers were obtained; under the featured section,
Primer-BLAST was selected. The following parameters were chosen: PCR product size: Min-
Max 70-200; Min-Max 50-65; Exon junction span: Primer must span an exon-exon junction. For
miRNA and isomiRs, the sequences were obtained from NCBI Gene transcript and expanded
downstream for the 3’ addition nucleotide. U6 (housekeeping control for miRNA expression)
primers were provided by the Mir-X miRNA First Strand Synthesis Kit and TB Green (Cat#
638316).

Primers were resuspended in DNAse and RNAse free water, based on the amount of
nmol provided, to make 100 puM stock solutions. The 10 uM of forward and reverse primers
were combined in a PCR tube with an additional 180 pL of RNase free water.

3. Determination of the appropriate CSC, L-menthol, and mCSC dose for LUAD cell
lines

Since no lung cancer study has used menthol cigarette smoke condensate (mMCSC), a trial
was conducted with varying levels of cigarette smoke condensate (CSC) and L-menthol to
determine ideal treatment concentrations. A dose-response experiment of CSC and L-menthol
was performed on the A549 cell line to determine appropriate concentrations to elicit the
expression of CYP1B1 and TRPMS. In the clinically relevant range of 0-100 pg/mL CSC, doses

in the assay included 0, 5, and 10 pg/mL**°, These doses have maintained 90% or greater
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viability of A549 cells and were used to avoid high apoptosis. L-menthol doses in the assay
contained 0, 10, 20, and 40 pug/mL2®. Cells were grown to 108 per well in a 6-well plate and
treated for 6 hours. Cells underwent total RNA isolation, cDNA synthesis, and quantitative PCR
(gRT-gPCR) as described in Methods section five. The Delta Delta Cycle threshold (AA Ct)
method was used to analyze the gene expression status for CYP1B1, TRPM8, and GAPDH.
Graphpad Prism 9.0 was used to create bar graphs of the dose responses.
4. Menthol cigarette smoke condensate treatment

The CSC solution had a stock concentration of 40 mg/mL and was purchased from Murty
Pharmaceuticals. L-menthol was obtained from Sigma-Aldrich (Cat# PHR1116). NCI-H1373
and A549 cell lines were seeded in a 6-well plate at a concentration of 108 cells per well and
were treated for 6 hours with 10 pg/mL CSC, 40 pg/mL L-menthol, and 50 pg/mL mCSC*"14,
similar to the average commercial menthol cigarette concentration (2.9 to 19.6 mg/cigarette)*®.
Cells were harvested in TRI reagent and RNA was isolated. Two biological replicates were
completed.
5. RNA isolation, DNase | treatment, and cDNA synthesis

Zymo Direct-zol RNA MiniPrep kit (Cat# 11-330T) was used to isolate small and large
(up to 10 pg) RNAs resuspended in TRI reagent, this was in accordance with the manufacturer’s
protocol. DNAse | treatment (400 ul RNA Wash Buffer, 5 ul DNase | (6 U/ul), and 75 pul DNA
Digestion Buffer) was applied to remove remaining genomic DNA contents from the samples.
Quantification of RNA occurred with the Eppendorf BioSpectrometer. All isolated RNA were
stored at -20°C.

The Applied Biosystems High-Capacity RNA-to-cDNA Kit (Cat# 4387406) was used for

mRNA to cDNA synthesis, following the manufacturer’s protocol. A total concentration of 1,000
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ng of RNA was used and resuspended in RNAse-free water to a final volume of 9 uL. In a PCR
tube, 10 uL 2X RT Buffer Mix and 1 pL 20X RT enzyme Mix were added to the 9 pL solution,
this yielded a working volume of 20 uL per treatment. Then, the PCR tubes were used in the
Applied Biosystems MiniAmp Thermal Cycler with the following conditions: 37 °C for 60
minutes, 95 °C for 5 minutes and a 4 °C infinite hold. The Mir-X miRNA First Strand Synthesis
Kit and TB Green (Cat# 638316) was used for miR and isomiR-cDNA synthesis, following the
provided protocol.
6. gPCR and Delta Delta Ct analysis of CYP1B1, UGT2B4, TRPM8, miR374b, and
miR374b-5p|3’a-1

A total of 50 ng (5 ng/uL) of cDNA template was used for quantitative PCR. The total
reaction volume for each well was 28 puL (2 pL of forward and reverse primers, 6 L of RNase-
free water, and 10 pL Applied Biosystems SYBR Green PowerUp Master Mix (Cat# 4387406)).
The mRNA gPCR was performed using the Applied Biosystems QuantStudio 3 machine and
underwent the following conditions: 50 °C for 2 minutes, 95 °C for 2 minutes and 40 cycles of 95
°C for 15 seconds, 58 °C for 30 seconds and 72 °C for 1 minute, followed by standard melt curve
conditions. This process was repeated for g°PCR of the miR and isomiR using the Mir-X miRNA
gRT-PCR TB Green Kit (Cat#638316) with the following conditions: 95 °C for 10 seconds, 40
cycles of 95 °C for 5 seconds and 58 °C for 20 seconds, followed by standard melt curve
conditions. Gene and miR expression amplification plots using the Delta Delta Ct method were

obtained and used to analyze expression statuses for treated and untreated cell lines.

39



C. Results
1. LUAD cell lines are matched by patient age and sex

Two lung cancer cell lines from EA and AA LUAD patients were selected. The pair was
matched by age (58 vs 56 years) and sex (both males) (Table 1).
2. gRT-PCR primers specifically amplify CYP1B1, UGT2B4, TRPM8, miR374b, and
MiR374b-5p|3’a-1

Eight forward and reverse primers were designed for four mRNAs. Only forward primers
were designed for the miRNA and isomiR according to the manufacturer’s protocol. The reverse
primers and U6 primers were proprietary and provided by the company (Table 2).
3. 10 pg/mL CSC and 40 pg/mL L-menthol is the most effective combined dose to elicit
CYP1B1 and TRPMS8 gene expression response

After completing a dose-response experiment, 10 pg/mL CSC and 40 pg/mL induced
CYP1B1. While 40 pg/mL L-menthol induced TRPM8 expression (Figure 1). The expression
changes for treated groups were more than 4 fold higher than untreated.
4. CYP1B1 is induced in the presence of cigarette smoke condensate and menthol

CYP1B1 showed greater fold changes under all three treatment conditions compared to
untreated groups (Figure 2). AA CSC treated cells had a lower expression of CYP1B1 compared
to EA CSC treated cells. AA L-menthol treated cells had a higher expression of CYP1B1. AA
mCSC treated cells had greater CYP1B1 expression compared to EA mCSC treated cells. As
expected from the dose response experiment, the CSC treatment resulted in noticeable induction
of CYP1B1, which is known to have increased expression in cigarette smokers within an hour

upon exposure.
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5. TRPMS8 is induced in the presence of cigarette smoke condensate and menthol

TRPMB8 showed a greater fold change under all three treatment conditions compared to
untreated (Figure 3). However, this trend was more pronounced in the AA cell line. Interestingly,
the highest expression was in L-menthol treated cells.
6. UGT2B4 is induced in the presence of menthol

UGT2B4 showed an increased fold change in only the menthol treated groups (Figure 4).
This finding was most noticeable in the AA cells. It is possible that UGT2B4 induction may be
due to miR374b and its isomiR.
7. miR-374b is induced in the presence of cigarette smoke condensate and menthol

miR-374b showed a greater fold change under all three treatment conditions compared to
untreated (Figure 5). However, this result was more prominent in the AA cell line.
8. miR-374b-5p|3’a-1 is induced in the presence of cigarette smoke condensate and
menthol

miR-374b-5p|3’a-1 showed a greater fold change under all three treatment conditions
compared to untreated (Figure 6). However, this result was more prominent in the AA cell line.
D. Discussion

In this chapter, | hypothesized isomiR-374b-5p|3’a-1 expression was associated with
race-specific CYP1B1 and UGT2B4 expression changes after being exposed to menthol. Overall,
| observed the upregulation of canonical mMiRNA and isomiR-374b expression in AA cells when
exposed to menthol (L-menthol alone or mCSC). By contrast, EA cells had no expression of
miR-374b or its isomiR, even in the presence of any menthol exposure. The racial difference in

isomiR expression was significant, further supporting my hypothesis in chapter 1.
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In L-menthol and mCSC treated AA lung cancer cells, increased isomiR expression
corresponded with high CYP1B1 and UGT2B4 expression. These expression patterns were
contrary to what I expected. Chapter 1 demonstrated a lower expression of UGT2B4 in lung
tumors from AAs compared with EAs. The chapter 2 finding may be explained by the other DE
by race and abundant miR-374b isomiR, miR-374b-5p|5°t-2|3’a-1. This isomiR also contains a
miR-374b seed region that could target CYP1B1 and UGT2B4. The concentrations | used may
not be adequate to induce this other isomiR. Additionally, there are other miRNAs that target
CYP1B1 and UGT2B4. Upon cigarette smoke exposure, some miRNAs may have decreased
expression that would correspond with higher menthol metabolizing enzymes (MMES). This
assumption is supported by a recent cancer study that showed miR-217 was downregulated in the
presence of cigarette smoke, which correlated with an increased expression of KLK7%°,

The TRPMB8 receptor was upregulated in lung cancer cells upon menthol exposure,
supporting previous research'>?°, AA cells had higher TRPM8 expression compared to EA cells.
The AA cell line was from a patient with a history of smoking. AAs are more likely to be
menthol smokers, including the AA patient in which the NCI-H1373 cell line was derived. These
AA cells may be more sensitive to L-menthol and mCSC due to previous menthol exposure. The
EA cell line had no record of smoking history. Surprisingly, the CSC also upregulated TRPMS.
This may be due to the fact that non-mentholated cigarettes contain <2.9 mg of menthol per
cigarette™. This is compared to the average commercial menthol cigarette, which is between 2.9-
19.6 mg per cigarette®®.

The limitations to my study are the use of only one AA and EA cell line pair and
performing analysis of two biological replicates. In the future, I would expand to include more

cell line pairs and biological triplicates. A future direction would include exploring the role of
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miR-374b-5p|3’a-1 and CYP2UL1 in lung cancer. CYP2UL is DE by race and targeted by miR-

374b and its isomiRs. In a recent study, CYP2U1 overexpression was associated with poor

prognosis and lower diseases-specific survival in triple negative breast cancer, a very aggressive

subtype with a known health disparity in mortality between AA and EA women?®2t,

E. Tables and Figures

Table 1. LUAD cell line characteristics

Cell Line Name Race Age Sex
EA 58 male
NCI-H1373 AA 56 male

Table 2. gRT-PCR primers

TB Green Kit (TakaRaBio/638316)

ID Forward Sequence Reverse Sequence
CYP1B1 GCCACTATCACTGACATCTTCGG CACGACCTGATCCAATTCTGCC
UGT2B4 CTTTAGGACTCAATACTCGGCTG | CTCATAGATGCCATTGGCTCCAC
TRPMS AATTGCGATGCTGAGGGCTA CACGAGCAGCAAATGTGTGT
GAPDH CTCCTGTTCGACAGTCAGCC ACCAAATCCGTTGACTCCGAC

miR-374b ATATAATACAACCTGCTAAGTG | Provided by Mir-X miRNA gRT-PCR
TB Green Kit (TakaRaBio/638316)

miR-374b-5p ATATAATACAACCTGCTAAGTGT | Provided by Mir-X miRNA gRT-PCR
13°a-1 TB Green Kit (TakaRaBio/638316)

u6 Provided by Mir-X miRNA gRT-PCR | Provided by Mir-X miRNA gRT-PCR

TB Green Kit (TakaRaBio/638316)
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CYP1B1 Expression in A549 Cell Line TRPM8 Expression in A549 Cell Line
Treated with CSC and L-menthol Treated with CSC and L-menthol
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Figure 1. CYP1B1 and TRPMS8 dose response after 6 hours of cigarette smoke condensate
and L-menthol treatment. Quantitative reverse transcription PCR results showed expression
fold change for five different treatment groups.
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CYP1B1 Expression in NCI-H1373 and A549 Cell Lines
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Figure 2. CYP1B1 gene expression in LUAD cell lines after cigarette smoke condesate and
menthol treatments. Quantitative reverse transcription PCR analysis showing relative CYP1B1
gene expression levels after 6 hours of exposure to cigarette smoke condensate, L-menthol, and
menthol cigarette smoke condesate. The error bars represent standard error from two biological

replicates and three technical triplicates (ns = P > 0.05).
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TRPM8 Expression in NCI-H1373 and A549 Cell Lines
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Figure 3. TRPMS8 gene expression in LUAD cell lines after cigarette smoke condesate and

menthol treatments. Quantitative reverse transcription PCR analysis showing relative TRPM8
gene expression levels after 6 hours of exposure to cigarette smoke condensate, L-menthol, and
menthol cigarette smoke condesate. The error bars represent standard error from two biological

replicates and three technical triplicates (ns = P > 0.05).
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UGT2B4 Expression in NCI-H1373 and A549 Cell Lines
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Figure 4. UGT2B4 gene expression in LUAD cell lines after cigarette smoke condesate and
menthol treatments. Quantitative reverse transcription PCR analysis showing relative UGT2B4
gene expression levels after 6 hours of exposure to cigarette smoke condensate, L-menthol, and
menthol cigarette smoke condesate. The error bars represent standard error from two biological

replicates and three technical triplicates (ns = P > 0.05).
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miR-374b Expression in NCI-H1373 and A549 Cell Lines
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Figure 5. miR-374b expression in LUAD cell lines after cigarette smoke condesate and
menthol treatments. Quantitative reverse transcription PCR analysis showing relative miR-
374b expression levels after 6 hours of exposure to cigarette smoke condensate, L-menthol, and
menthol cigarette smoke condesate. The error bars represent standard error from two biological
replicates and three technical triplicates (ns = P > 0.05).
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isomiR-374b Expression in NCI-H1373 and A549 Cell Lines
E AA B EA

ns ns ns
— — | | —

on
]

M € B
1 | 1

Expression Fold Change
(miR-374b-5p|3'a-1/U6)
1

o
|

Treatments

Figure 6. isomiR-374b expression in LUAD cell lines after cigarette smoke condesate and
menthol treatments. Quantitative reverse transcription PCR analysis showing relative isomiR-
374b expression levels after 6 hours of exposure to cigarette smoke condensate, L-menthol, and
menthol cigarette smoke condesate. The error bars represent standard error from two biological
replicates and three technical triplicates (ns = P > 0.05, s=<0.05).
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VII. Conclusions

In chapter 1, population-specific CYP1B1 and UGT2B4 mRNA expression were
associated with isomiR-374b expression in LUAD patients. AA LUAD patients had lower MME
and higher isomiR expression compared to EAs. A subset of AA patients had a positive isomiR-
MRNA relationship. These expression patterns were solely due to race, unaffected by age and

smoking factors. The candidate isomiR, miR-374b-5p|3’a-1, was specific to AAs.

Chapter 2 provided mechanistic effects of menthol exposure on lung cancer cells from
AA and EA patients. To my knowledge, it is the first lung cancer study that has utilized menthol
cigarette smoke condensate to assess racial differences in MME and isomiR expression. Similar
to chapter 1, | found that miR-374b-5p|3’a-1 was specific to AAs. This expression was not
associated with CYP1B1 and UGT2B4 levels, but maybe associated with CYP2UL. If high
isomiR-374b abundance is associated with low CYP2U1 expression, this population-specific
transcriptomic change has the possibility to be a novel therapeutic option for lung cancer
patients. A subset of LUAD patients had a high isomiR-374b expression signature, but the
majority had low expression. By adopting a precision medicine approach and developing an

FDA-approved targeted therapy to upregulate isomiR-374b expression.
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