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Abstract

Background: African Americans (AA) have higher incidence and mortality rates for lung cancer compared with
European Americans (EA), despite smoking less. DNA methyltransferases (DNMT) are proteins that add methyl
groups to DNA, causing gene silencing. Overexpression of DNMTs, and increased DNA methylation is associated
with multiple cancers. The biological basis of the disparity can be explored by comparing DNA methylation of DNMTs
between normal and lung tumor tissues by race. Hypotheses: H1: DNMTSs are differentially methylated and expressed
in normal lung tissues from AA compared with EA. H2: DNMTs are differentially methylated and expressed in normal
lung tissues compared with lung tumors. Methodology: A total of 61 paired normal and lung tumor tissues from AA
(n=5) and EA (n=56) were extracted using TCGA data for DNA methylation and mMRNA-Seq data. Data were
imported to Partek Genomics Suite 7.0 and differential methylation analyses (1-way ANOVA and paired t-tests) were
performed. GraphPad Prism 7.03 was used to perform differential gene expression analysis. Cellular pathway
association analysis was performed using STRING (an on-line bioinformatic tool). Results: DNMT genes are
differentially methylated in normal lung tissues from AA compared with EA, with DNMT1 showing a decrease from
EA to AA and then DNMT3A and DNMT3B showed an increase. However, DNMT genes show no racial differences
in gene expression. When considering tissue-specific differences, DNMT genes are differentially methylated in normal
lung tissues compared with lung tumors, with DNMT1 and DNMT3B showing decreased DNA methylation, while
DNMT3A had increased DNA methylation. As seen in literature, DNMT1 and DNMT3B cooperate to drive DNA
methylation in the human genome validating the overexpression of DNMT1 and DNMT3A genes from normal to tumor
tissues. More genes are impacted by DNA methylation in the High DNMT1 expression group. STRING analysis
showed that low and high DNMTL1 expressors had different cellular pathways impacted by DNA methylation.
Conclusions: While racial differences in DNA methylation from normal tissues can’t explain the increased lung cancer
risk in African Americans, DNA methylation profiles and associated pathways are found to vary according to tissue-
type. Discussion: Considering differences in levels of DNMT expression could act as a form of precision medicine
through the grouping of patients based on high and low expression.Future Directions: Further works will include
obtaining additional samples for racial studies to gain more power for the AA cohort. For the tissue specific studies,
other works will look into correlating the DNMT gene expression with the associated DNMT protein expression status
through primary samples and cell lines. Other studies will look into identifying molecular subgroups based on the
DNMT1 and DNMT3B expression status with histology, smoking status and survival rate. Finally, this information
will be validated in an additional cohort.
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1. Introduction

Lung cancer has the highest incidence and mortality rates in men and the third highest incidence and then second
highest mortality rate in women across the world [1]. However, when you break that incidence up by race, African
Americans (AA) have the highest incidence rate compared to any minority group [2]. Frequently, smoking is attributed
as the leading cause of lung cancer. However, when breaking up smoking rates, AA actually smoke less than
Americans of European descent (EA), and this difference is more pronounced when broken up by race and gender [3].
So, smoking alone cannot explain this disparity. In addition to smoking, other known risk factors for lung cancer
include environmental exposures, such as exposure to radon gas, secondhand smoke, exposure to asbestos and air
pollution, and a positive family history, suggesting there could be biological determinants involved [4]. Shared biology
amongst AA and EA may help to explain the racial disparity.

There are 6 key biological hallmarks of a cancer cell compared with a normal cell. Two specific ones include
proliferative signaling and evading growth suppressors. These lead to activation of oncogenes, which cause cancer,
and inhibition of tumor suppressors, which stop cancer. Each of these hallmarks lead to increase cancer phenotype
[5]. Some individuals have an increased risk of cancer based on biological predispositions that can be found in their
normal tissues. This increased risk can vary by population.

One way these hallmarks are exhibited are through DNA methylation. DNA methylation is the addition or removal
of chemical tags to the gene in order to silence or express them, respectively [6]. Increased DNA methylation, also
known as hypermethylation, in tumor suppressor genes is often associated with various cancers [6]. DNA
Methyltransferases, or DNMTS, are the proteins that drive and carry out DNA methylation in the body [7]. These genes
have been shown to be hypermethylated in other cancer types with a known racial disparity, such as breast and colon
cancers [8, 9]. However, to date, no research has been done on the DNMT family in lung cancer health disparities. So
we hypothesized that DNMTs are differentially methylated & expressed in normal lung tissues from AA compared
with EA to address the methylation and expression status of DNMTs in normal lung tissues from AA and EA. Later
in the experiment, it was additionally hypothesized that DNMT genes are differentially methylated & expressed in
normal lung tissues to address tissue- specificity and DNMT regulation in normal lung tissues and lung tumors,
independent of race.

2. Materials and Methods

We used primary normal lung tissues from the The Cancer Genome Atlas Cohort, or TCGA. TCGA is a publicly
available dataset with over 33 cancers, including lung cancer. For the first hypothesis, we downloaded Illumina 450K
Methylation Array data from TCGA for 5 AA and 56 EA lung cancer patients. Using Partek Genome Suite 7.0, a
differential methylation analysis was performed and a 1-way ANOVA was done to determine statistical significance
of the analysis. For the same cohorts, mMRNA-sequencing data was downloaded from TCGA in order to perform a
differential expression analysis on Partek Genome Suite 7.0. Statistical significance was determined with a two-tailed
t-test with Welch correction. For the second hypothesis, the same procedures were followed for differential
methylation and expression analyses as well as statistical significance, however, the two cohorts were 61 normal
tissues and 61 lung tumors, independent of race. Additionally, DNMT expression data was input into the STRING
analysis website in order to determine the functional protein association.

3. Results

Our differential methylation analysis revealed racial differences in DNA methylation for all 3 DNMTs. Interestingly,
we saw DNMTL, the maintenance methyltransferase had decreased DNA methylation in AA, while the de novo
methyltransferases, DNMT3A and DNMT3B, had increased DNA methylation in this population.
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However, these racial differences in DNA methylation did not translate to differences in gene expression.
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Figure 1. Racial difference are indicated in differential methylation analysis race comparison for the DNMT gene
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Figure 2. No racial differences are seen in gene expression for the DNMT gene family

differentially methylated in normal lung tissues compared with lung tumors. DNMT1 and DNMT3B had decreased
DNA methylation, while DNMT3A had increased DNA methylation.
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Figure 3. DNA methylation differential analyses indicate there are tissue specific differences in the DNMT gene

family

The differential expression analysis showed that all DNMT genes are overexpressed from normal tissue to tumor
tissue.
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Figure 4. All genes of the DNMT gene family are overexpressed from normal lung tissues to lung tumor tissues in

DNMT1 gene expression showed the highest level of gene expression. In an effort to identify new molecular
subgroups, we categorized patients as either low or high DNMT1 expressors. Through STRING analysis, a online
tool that looks at functional protein associations, we found that both low and high DNMT1 expressors use DNA
methylation to regulate different cellular pathways.
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Most likely tumor suppressor genes
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Figure 5. STRING analysis determined high and low DNMT1 expression patient groups’ DNA methylation patterns
impact different cellular pathways

4. Discussion

The race specific analysis result is most likely due to a lack of power. The initial cohort was 5 AA, however, as we
moved to the differential expression analysis, we had fewer normal lung tissue samples from AA with mRNA-
sequencing data compared with DNA methylation data. When considering the tissue specific analysis, this expression
result validates what was expected for DNMT1 and DNMT3B. Additionally, this corresponding DNA methylation and
gene expression data for DNMT1 and DNMT3B validated published data from Dr. Bert Vogelstein’s lab at Johns
Hopkins School of Medicine stating that DNMT1 and DNMT3B work together to methylate the human genome [10].
We found more genes were impacted by DNA methylation in the high DNMT1 expressing patients. This finding
correlates with the known function of DNMT1, which is to methylate DNA. Knowledge that there is a difference in
the cellular pathways impacted by different expressors indicates which genes become silenced in lung cancer and

imply a difference in tumor biology.

5. Conclusion

While DNMT genes are differentially methylated in normal lung tissues from AA to EA, DNMT genes show no racial
differences in gene expression, indicating that racial differences cannot explain this disparity. However, tissue specific
analyses showed that there is differential methylation and associated differential expression from normal tissue to
tumor tissue, independent of race. Considering differences in levels of DNMT expression could act as a form of
precision medicine through the grouping of patients based on high and low expression.

6. Future Directions

For the race-specific analysis, we are hoping to work with collaborators to increase normal lung tissue samples from
AA and repeat analysis with additional power. For the tissue-specific analysis, we are hoping to determine if DNMT
protein expression status correlates to DNMT1 gene expression using TCGA protein data, and normal lung and lung
cancer cell line data. Additionally, we’re hoping to identify new molecular subgroups in order to correlate DNMT1
and DNMT3B expression status with histology, smoking status, and survival data. Finally, these findings will be
validated in an additional cohort.
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