
Whole Exome Profiling of NSCLC Among African Americans

Rony F. Arauz1,*, Jung S. Byun2,3,*, Mayank Tandon4,5, Sanju Sinha1,6, Skyler Kuhn4,5, 
Sheryse Taylor1, Adriana Zingone1, Khadijah A. Mitchell1, Sharon R. Pine7, Kevin 
Gardner8,9, Eliseo J. Perez-Stable8, Anna M. Napoles8, Bríd M. Ryan1

1Laboratory of Human Carcinogenesis, Center for Cancer Research, National Cancer Institute, 
Bethesda, MD 20892

2Division of Intramural Research, National Institute on Minority Health and Health Disparities, 
Bethesda, MD 20892

3Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD

4CCR Collaborative Bioinformatics Resource CCBR, Center for Cancer Research, National 
Cancer Institute, Bethesda, MD 20892

5Advanced Biomedical Computational Science, Frederick National Laboratory for Cancer 
Research, Frederick, MD 21702

6Cancer Data Science Laboratory, Center for Cancer Research, National Cancer Institute, 
Bethesda, MD 20892

7Rutgers Cancer Institute of New Jersey, Robert Wood Johnson Medical School, Rutgers, The 
State University of New Jersey, New Brunswick, NJ 08854

8National Institute of Minority Health and Health Disparities, Bethesda, MD 20892

9Columbia University Medical Center, Columbia University, New York, NY, 10027

Abstract

Introduction: Lung cancer incidence is higher among African Americans (AAs) compared with 

European Americans (EAs) in the United States, especially among men. While significant 

progress has been made profiling the genomic makeup of lung cancer in EAs, AAs continue to be 

underrepresented. Our objective was to chart the genome-wide landscape of somatic mutations in 

lung cancer tumors from African Americans.

Methods: In this study, we used whole exome sequencing (WES) of 82 tumor and non-involved 

tissue pairs from AAs. Patients were selected from an ongoing case-control study conducted by 

the NCI and the University of Maryland.
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Results: Among all samples, we identified 178 significantly mutated genes (P <0.05), five of 

which passed the threshold for false discovery rate (FDR P<0.1). In lung adenocarcinoma (LUAD) 

tumors, mutation rates in STK11 (P=0.05) and RB1 (P=0.008) were significantly higher in AA 

LUAD tumors (25% and 13%, respectively) compared with TCGA EA samples (14% and 4%, 

respectively). In squamous cell carcinomas, mutation rates in STK11 (P=0.002) were significantly 

higher among AA (8%) than EA tumors from TCGA (1%). Integrated somatic mutation data with 

CIBERSORT data analysis revealed LUAD tumors from AAs carrying STK11 mutations have 

decreased interferon signaling.

Conclusions: While a considerable degree of the somatic mutation landscape is shared between 

EAs and AAs, discrete differences in mutation frequency in potentially important oncogenes and 

tumor suppressors exist. Better understanding of the molecular basis of lung cancer in AA patients 

and leveraging this information to guide clinical interventions may help reduce disparities.
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Introduction

Of all racial and ethnic groups in the United States, African American men have the highest 

age-adjusted non-small cell lung cancer (NSCLC) incidence rates as well as the highest age-

adjusted mortality rates1, 2. These trends persist despite lower tobacco exposure in terms of 

cigarettes smoked per day among African Americans (AAs) compared with European 

Americans2. Potential factors associated with these disparities include smoking behaviors—

for example, disparities lessen when nicotine intake per cigarette is taken into account3—

socioeconomic status, access to health care, and other factors2. In recent years, several large-

scale genomic studies have begun to map differences in tumor biology between European 

Americans (EAs) and AAs4-9. These studies show that while a majority of tumor biology is 

shared between EAs and AAs, specific, and potentially actionable, differences exist.

Recent improvements in cancer survival have been largely due to advances in our 

understanding of cancer genomics its translation into targeted therapies. However, these 

studies have been dominated by research focused on populations of European or Asian 

descent10-12. Indeed, genomic studies of LUAD in European and Asian populations 

highlights population heterogeneity. For example, EGFR mutations are found more 

frequently among Asian populations, and several driver genes with low mutation frequency 

and specific mutational signatures have been identified10. In recent years, studies using 

targeted exome sequencing approaches to analyze African American populations have been 

published. These studies show that much of the somatic mutation landscape of NSCLC is 

shared between EAs and AAs5, 8, 9, but also that some notable differences can be found, 

especially in lung adenocarcinoma (LUAD), including JAK2 and PTPRT5. Despite these 

observations, ancestry differences in NSCLC genomics have yet to be systematically 

examined with whole exome sequencing (WES) in an AA cohort. A recent study by Lusk et 
al., conducted WES on a subset of lung tumors without known driver mutations9 the results 

of which suggested an unbiased WES assessment in an unselected sample set was warranted. 

To fill this knowledge gap, we used WES on matched tumor and non-involved tissue pairs.
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Materials and Methods

Patient samples and DNA extraction

Patients were selected from an ongoing case-control study conducted by the NCI and the 

University of Maryland. Patients for this study were recruited between 1984 and 2013. At 

the time of surgery, a portion of the tumor specimen and non-involved adjacent lung tissue 

was flash frozen and stored at −80°C until needed. Clinical and pathological information 

was obtained from medical records, tumor boards and pathology reports (Table 1). Never 

smokers were defined as have smoked less than 100 cigarettes in their lifetime, former 

smokers were defined as individuals that quit smoking more than one year at the time of 

interview, while current smokers included individuals that continued to smoke and/or had 

quit within one year of interview. A participant’s sample was included if that patient was a 

candidate for surgery, gave informed consent, and, post pathological assessment, there was 

enough fresh frozen tissue for research analyses. Further, the participant needed to have 

matched genomic DNA available for comparison and the DNA extracted needed to meet 

sufficient quality control criteria to be included in the WES analysis.

DNA was extracted from fresh, frozen macro-dissected primary lung tumor tissues using the 

Qiagen DNeasy Blood and Tissue kit spin column procedure, according to the 

manufacturer’s protocol (Qiagen), as previously described4. Isolated primary lung tumor 

DNA was initially quantified using a DS-11 spectrophotometer (DeNovix). Subsequent 

Qubit fluorometer analyses were performed to assess DNA integrity and ensure the presence 

of intact double-stranded DNA in all samples (Invitrogen). DNA with an A260-to-A280 

ratio between 1.8 and 2.0, a minimum concentration of 12 ng μl−1 and a total concentration 

of 100 ng was used for further analysis.

Whole exome sequencing and data processing

Whole exome sequencing was performed at the Cancer Genomics Research Laboratory, NCI 

Division of Cancer Epidemiology and Genetics (Gaithersburg, MD). Extracted DNA 

samples were used for library preparation using the NimbleGen SeqCap EZ Exome capture 

system with 64 Mb of exonic sequence targeted and the resulting post-capture enriched 

multiplexed sequencing libraries were used in cluster formation on an Illumina cBOT 

(Illumina, San Diego, CA, USA) and paired-end sequencing was performed with sequence 

across AHM5YYBBXX, BHMNLHBBXX, AHMCMTBBXX, BHM7M3BBXX, 

AHMCJHBBXX, AHMCFYBBXX flowcells on Illumina HiSeq following Illumina-

provided protocols for 2x125 bp (HiSeq 2500) or 2x150bp (HiSeq 4000) paired-end 

sequencing.

Sequence reads were trimmed for adapters and low-quality bases using Trimmomatic 

software (version 0.33) and then aligned to the human hg19 reference genome using BWA 

mapping software (version 0.7.15)13. Duplicate reads were marked using Picard Tools, 

followed by re-alignment and base quality score recalibration using the Genome Analysis 

Toolkit (GATK) version 3.8.014.
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Germline variant and ancestry analysis

Germline variants were called using GATK’s HaplotypeCaller15 in joint genotyping mode. 

Variants were then filtered for quality with the following criteria: QD < 2.0, FS > 60.0, MQ 

< 40.0, MQRankSum < −12.5, ReadPosRankSum < −8.0 for SNPs; QD < 2.0, FS > 200.0, 

ReadPosRankSum < −20.0 for INDELs. For admixture analysis, INDELs and any SNPs that 

were not bi-allelic were removed, and the 1000 genomes phase III16 superpopulations were 

used as reference. We also excluded rare variants (≤0.05 frequency across all phase III 1000 

genomes). In order to maximize the genetic comparisons by race, we examined each patient 

for African genetic ancestry (Methods) (Supplementary Table 1). We then used the tool 

Admixture v1.3.017 to estimate ancestry proportions for each of the 1000 genomes 

superpopulations (Supplementary Table 1). One patient that self-reported as AA had greater 

than 60% European ancestry and was therefore excluded from downstream analyses. Four 

more patients were also excluded from downstream analyses as two had tumor/non-tumor 

tissue mismatch pairs and the remaining two only had tumor tissue available. Thus, in total, 

the final study cohort consisted of 82 tumor-non-tumor tissue matched pairs.

Somatic variant analysis

Somatic variant calling was performed using muTect (v1.1.7)18, MuTect219, and Strelka 

(v2.9.0)20 in tumor-normal mode. Mutations called with at least two of these programs were 

considered in our study. Annotation of variants was performed using Ensembl’s Variant 

Effect Predictor (VEP) version 9221 and converted to Mutation Annotation Format (MAF) 

using the vcf2maf tool version 1.6.1622. A final set of somatic variants were generated using 

the following stringent filtering criteria. Commonly occurring variants annotated with a 

frequency of greater than 0.001 in the ExAC, gnomAD, or 1000 Genomes databases were 

excluded. Additional filtering steps to keep high quality variants included: 1) mutant allele 

frequency greater 0.05 in the tumor sample, 2) a count/depth of the mutant allele in non-

tumor sample less than two; 3) a count/depth of the mutant allele in tumor sample greater 

than four; and 4) a total tumor sequencing depth greater than 100X. Finally, prior to all 

downstream analyses, variants in frequently mutated genes in exome data that are likely 

false positives were also removed23. Tumor mutation burden was defined as the number of 

somatic mutations in the coding region (Supplementary Table 2) and calculated as the total 

number of mutation counts divided by the size of the coding sequence region (64 Mb) of the 

NimbleGen SeqCap EZ Exome capture system. Mutation significance was performed using 

the MutSigCV algorithm24. The current version improves the background mutation rate 

estimation by pooling data from 'neighbor' genes in the covariate space and substantially 

reduces the number of false-positive findings. Tables with mutation data, per-sample 

coverage, gene covariables and mutation type were imported to the software. Genes with a 

Bonferroni-corrected p-value less than 0.1 were considered statistically significant 

(Supplementary Table 3).

TCGA data

Somatic mutation data for the TCGA-LUAD and LUSC dataset were retrieved using the 

TCGA mutations R package25, which provides pre-built objects using MAF files from the 
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MC3 working group26. CIBERSORT data for LUAD and LUSC were extracted from the 

following paper27.

Mutational signature analysis

Mutational signatures in the targeted sequencing data were analyzed using R/Bioconductor 

package ‘MutationalPatterns’. The package covers a wide range of tools including 

mutational signatures, transcriptional and replicative strand bias, genomic distribution and 

association with genomic features. The reference mutation signatures were obtained from 

the COSMIC website (https://cancer.sanger.ac.uk/cosmic/signatures) for 65 signatures. 

These signatures were compared to the pattern of all possible single base substitutions in 

each sample independently. Etiologies were parsed from the HTML pages programmatically, 

the text was clustered, and then manually assigned an etiology based on the clustered 

descriptions. Cosine similarity is used as the comparison metric in Figure 3. For 

Supplementary Figure 4, the contribution of each known signature was computed as the 

optimal linear combination of mutational signatures that most closely reconstructs the 

mutation matrix for each sample28.

Data availability

The datasets generated during the current study have been uploaded to the dbGaP repository 

in compliance with the NIH Genomic Data Sharing Policy. Data can be accessed at dbGap 

study ID phs001895.

Results

Study cohort and estimation of genetic ancestry

We conducted WES on genomic DNA from 82 AA patients using tumor and non-tumor 

matched pairs. Most of these samples were lung squamous cell carcinomas (LUSC) (47.6%) 

and adenocarcinomas (LUAD) (43.9%). The median African ancestry was 85% 

(Supplementary Table 1). There were 64 males and 18 females with a mean age of 63.5 

years. Over 58% and 3.7% of the patients were current and never smokers, respectively 

(Table 1).

Somatic mutation landscape in NSCLC from African Americans

In total, we detected 141,209 single nucleotide variants (SNV) and insertion and deletion 

events (Supplementary Table 1). The most common mutation type was a non-synonymous 

base change, consistent with previous reports11, 12 (Supplementary Table 4) (Supplementary 

Figure 1). The mutation burden per sample ranged from 0.02 to 59 per megabase (Mb) 

(median=3.2) and was consistent with previous studies of NSCLC (Supplementary Figure 1) 

(Supplementary Figure 2) (Supplementary Table 4). Using a recent definition for 

hypermutation (greater than 10 somatic single-nucleotide variants/Mb)29, there were 11 

samples classified as “hypermutated”. One patient, a current smoker, had over 40 

mutations/Mb. Known DNA repair genes, such as MSH3 and ERCC4, were among the 

mutated genes in this sample (Supplementary Table 2). The Ti/Tv ratios were as expected, 

with the most common base substitution bias toward cytosine (C) > adenine (A) 
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transversions followed by cytosine (C) > thymine (T) transitions (Supplementary Figure 1), 

both of which are associated with exposure to cigarette smoking30.

Identification and characterization of somatic mutations in LUAD and LUSC

We initially used the MutSigCV algorithm to identify significantly mutated genes given the 

higher background mutation rate in NSCLC. We found 178 significantly mutated genes 

(p<0.05), five of which (TP53, STK11, RB1, CDKN2A, PIK3CG) had passed the threshold 

for false discovery rate (FDR P<0 .1) (Figure 1A, 1B) (Table 2) (Supplementary Table 3). 

TP53 was the most mutated gene with similar frequency in AAs and EAs (using TCGA data 

as reference) (Table 2). Given evidence for ethnicity-related EGFR mutations and that 

patients with exon 19 deletion and L858R mutation have a lower response rate to 

immunotherapy and greater response to receptor tyrosine kinase inhibitors31, we looked for 

the presence of EGFR mutations in the AA population and found one patient, a former 

smoker, with an E746-A750 deletion at exon 19 deletion. All KRAS mutations targeted 

codon 12 and 13 (Supplementary Table 4). Consistent with our previous findings5, the 

frequency of mutations in PTPRT and JAK2 genes was higher in AA LUAD tumors (17% 

and 14%, respectively) compared with TCGA EA patients (8% and 2%, respectively) (Table 

2) (Supplementary Table 6).

In LUAD, STK11 was mutated in 25% of LUAD tumors from AA patients in the NCI-MD 

samples compared with just 13% in TCGA EA samples (two-sample test of proportions 

P=0.05) (Figure 1B) (Table 2) (Supplementary Table 6). This increased mutation frequency 

was replicated in another dataset5 and in TCGA (Figure 1B). Similarly, LUSC samples from 

AAs had a higher STK11 mutation frequency in the NCI-MD tumors (8%) compared with 

EA tumors from TCGA (1%) (two-sample test of proportions (P=0.002)) (Figure 1B) (Table 

2) (Supplementary Table 6). Again, this observation was validated in our previous dataset 

based on targeted sequencing5 and in TCGA (Table 2) (Figure 1B). Consistent with TCGA 

data for EAs, the spread of mutations was similar with no evidence of clear hot spots.

STK11 alterations have been identified as the most prevalent genomic driver of primary 

resistance to PD-1 axis inhibitors in the context of KRAS-mutant lung adenocarcinoma 

through the generation of an immune cold tumor microenvironment32, 33. While the co-

occurrence of KRAS and STK11 alterations (mutation or amplification) is similar in both 

EAs and AAs (approximately 25%), we found that the majority of AA tumors with a STK11 
alteration also carry KRAS mutations or amplifications (6/7). The co-occurrence of STK11 
and KRAS variants in AAs was detected in both LUAD and LUSC (Supplementary Table 

4). We integrated TCGA LUAD somatic mutation data with CIBERSORT data from the 

supplementary data of this paper27. As shown in Figure 1C, lung tumors from African 

Americans carrying STK11 mutations have decreased IFN-γ response signatures, a feature 

also indicative of a cold tumor microenvironment34. In accordance with decreased IFNγ 
signaling, we observed decreased Th1 cell infiltration and increased Th2 cell infiltration, 

with the strongest effects seen in STK11/KRAS altered cells (Supplementary Figure 3). 

These data suggest that, in African Americans, the somatic alterations in STK11 and KRAS 
are associated with an immune cold tumor microenvironment through decreased IFNγ 
dependent signaling, opposed to reduced cytotoxic T cell infiltration. This may be indicative 
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of divergent STK11/KRAS-dependent inflammatory signaling in AAs. The concurrent 

reduction of IFNγ-dependent signaling as well as a Th2 skewed Th1/Th2 balance suggests 

not only a reduction in antitumor IFNγ-Th1 dependent signaling, but also an increase in 

protumor signaling by Th2 cells35.

RB1 and CDKN2A are also mutated at a higher frequency in LUAD among AAs compared 

with EAs (Figure 1B) (Table 2) (Supplementary Table 6). In AA patients with LUAD, RB1 
was mutated at a frequency of 14% compared with 4% in EAs (P=0.008) (Table 2) (Figure 

1B). This higher frequency was again confirmed in our other datasets5. CDKN2A mutations 

were also higher among AAs in this previous dataset, though these differences did not reach 

statistical significance. As observed in EAs, CDKN2A and RB1 mutations are primarily 

mutually exclusive in AAs, with 11/36 (31%) LUAD tumors carrying a mutation in either 

RB1 or CDKN2A. Among AAs with LUAD, PIK3CG was also significantly mutated in our 

dataset and in TCGA at a frequency of 11% and 10%, respectively, which is higher than the 

6% observed among EAs (using TCGA as reference) (Table 2).

Additional recurrently mutated genes that did not reach a statistical significance by 

MutSigCV, but may functionally impact carcinogenesis, were also identified (Table 2). For 

example, mutation frequencies for genes in AAs with LUAD, supported in our other 

datasets, included SPTA1 (NCI-MD AA 39% and TCGA AA 35% vs. TCGA EA 23% 

(P=0.03), NAV3 (NCI-MD AA 36% and TCGA AA 31% vs. TCGA EA 19% (P=0.02)) and 

COL11A1 (NCI-MD AA 33% and TCGA AA 31% vs. TCGA EA 19% (P=0.04). SI (NCI-

MD AA 28% and TCGA AA 23% vs. TCGA EA 15% (P=0.04)) and ASXL3 (NCI-MD AA 

25% and TCGA AA 19% vs. TCGA EA 13% (P=0.05)). The mutation status of these genes 

was not associated with survival (Table 3). In AA LUSC tumors in the NCI-MD and TCGA 

data, the mutation frequency of ZNF536 (NCI-MD AA 23% and TCGA AA 26% vs. TCGA 

EA 12% (P=0.05)) was significantly higher compared with EA patients in TCGA.

Finally, although high prevalence mutations are frequently focused on in somatic mutation 

studies, low frequency variants can also be of significance36, 37. We, therefore, looked for 

genes with a mutation frequency of at least 5% in AAs in both our dataset and TCGA and 

with 0% mutation prevalence in EAs, again using TCGA (Supplementary Table 6) and 

identified KRT9 as mutated in approximately 5% of LUAD tumors among AAs and 0% of 

LUADs among EAs. The gene product, keratin-9, is a type I cytokeratin expressed in 

terminally differentiated epidermal cells. Apart from melanoma, KRT9 is not frequently 

mutated in cancer.

Integration of CNV and somatic mutations

Oncogene and tumor suppressor gene function can be perturbed by both somatic mutation 

and somatic copy number change. We previously profiled somatic copy number alterations 

(SCNAs) in 62 of the samples for which we had WES data4 and integrated both datasets to 

get a more complete view of driver gene alterations across NSCLC in African Americans. 

As shown in Supplementary Figure 4, TP53 is the most frequently somatically altered gene 

in NSCLC among African Americans in both LUAD and LUSC. In LUAD, LRP1B, 
CDKN2A and STK11 are altered at frequencies of 46%, 41% and 38%, respectively. In 

LUSC, TP53 is again the most altered gene in African Americans (50%), followed by 
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LRP1B and STK11 (44% for both). Interestingly, this combined analysis shows that overall, 

oncogenic activation of KRAS is somewhat similar in LUAD in both EA and AA, at 

approximately 33%. However, the mechanism of alteration, i.e., somatic mutation versus 

somatic copy number alteration (SNCA), differs by population, with KRAS amplification 

more common in AA than in EA.

Integration of mutation status, etiological exposures and mutational signatures

In an effort to further understand why some genes are mutated at a higher frequency among 

African Americans, mutation frequencies were correlated with demographic and etiological 

features such as sex, BMI, education, income and menthol cigarette use. No significant 

correlation was observed between the mutation status of STK11, RB1, CDKN2A, PIK3CG, 
PTPRT, JAK2 with these factors (Figure 2A) (Supplementary Table 7), but this may be 

partially due to the limited sample size when stratified comparisons were made.

We also contextualized each SNV based on the 96 possible single base substitutions and 

known mutational signature patterns38 and questioned whether these signatures were 

enriched in tumors with specific somatic mutations. As expected for a NSCLC cohort of 

ever smokers, SBS4—which is tobacco associated—was the predominant signature among 

these tumors (Figure 2B) (Supplementary Table 8). SBS2 and SBS13, signatures attributed 

to increased activity of APOBEC family members, were also found. None of the SBS 

signatures had a clear or significant association with BMI, education, income, or menthol 

cigarette use (Supplementary Figures 5a and 5b).

The likelihood of acquiring a cancer-causing mutation is dependent on the underlying 

mutational processes39. We, therefore, integrated the SBS mutational signatures with the 

mutation status of genes enriched among African Americans. We hypothesized that the 

etiology of these SBS mutational signatures could indicate why certain mutational events 

occurred at a higher frequency in African Americans. The APOBEC gene signatures, SBS2 

and SBS13, were significantly higher in JAK2, RB1, and PTPRT mutant tumors compared 

with wild-type tumors, with a stronger trend in LUAD (Supplementary Figure 6a and 6c). A 

previous paper highlighted links between APOBEC-induced mutagenesis and specific driver 

PIK3CA mutations across cancer types40 and we found significant consistent evidence of 

this association in our population also (Supplementary Figures 6b and 6d). While our data 

could be supporting evidence for a causative relationship between the APOBEC mutational 

activity and the acquisition of these driver mutations in African Americans, there is no 

statistical difference in the expression of APOBEC genes in tumor tissues from EA and AA 

(data not shown), no evidence of increased APOBEC signatures in AA versus EA 

overall5, 8, 41 and several other genes, where the mutation frequency is not enhanced in AA 

compared with EA, also had evidence for increased APOBEC activity (Supplementary 

Figure 6b and 6d). SBS4 was enriched in STK11 mutant tumors, with some evidence for 

SBS29—associated with smokeless tobacco—also enriched among these tumors 

(Supplementary Figure 6a and 6c).

Arauz et al. Page 8

J Thorac Oncol. Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion

The overall goal of this research is to explore possible genetic differences in NSCLC 

mutations by race given that African American men have the highest incidence rate that is 

not fully explained by smoking behavior2, 3, 42. Here, we conducted an in-depth analysis of 

somatic mutations in African Americans using whole exome sequencing. We replicated our 

previous data using targeted exome sequencing that show increased JAK2 and PTPRT 
mutations among African Americans with LUAD. Further, we also present evidence that 

mutations in the tumor suppressor genes STK11, RB1 and CDKN2A are higher among 

African Americans, especially in LUAD, and replicated these observations in two 

independent datasets. Interestingly, we found that STK11 mutations, including in the context 

of somatically altered KRAS, were associated with a decreased interferon gamma signaling, 

consistent with previous data in European Americans32, 33. Further, we found high co-

occurrence of STK11 with KRAS alterations. This may be relevant in the context of drugs 

targeting the immune system, in particular immune checkpoint inhibitors. However, given 

the fact that STK11 loss seems to increase response to platinum-compounds, how mutations 

of this gene modulate response to combined immune checkpoint inhibitor/chemotherapy 

treatment, which is increasingly offered to NSCLC patients43, will need to be systematically 

tested. While co-occurring mutations in STK11 and KEAP1 have been described in patient 

subsets44, 45, with possible consequences for chemotherapy and immunotherapy response, 

we did not detect co-occurring mutations in KEAP1 and STK11 in our cohort of AAs.

RB1 and CDKN2A mutations were generally mutually exclusive, suggesting that 

perturbation of this tumor suppressive pathway is important in LUAD among African 

Americans. Previous somatic mutation studies of NSCLC primarily used targeted gene or 

mutation-specific panels, and as such, did not cover the genes identified above8, 46-48. 

However, supplementary data from many of these studies show consistent results with those 

presented here, for STK1149, RB149, and JAK29. In other cases, our data were not 

consistent8 which could be due to different exposures related to geography, rates of 

admixture or methodologies.

The mechanism by which a gene is perturbed in cancer can be important. As noted earlier, 

an integrated analysis of somatic copy number and mutation analyses indicated that while, 

overall, oncogenic activation of KRAS is somewhat similar in EAs and AAs with LUAD, at 

approximately 33%, the mechanism of alteration, i.e., somatic mutation versus SNCA, 

differs by population with KRAS amplification more common in AAs than in EAs. 

Similarly, we found that mutations in CDKN2A and RB1 were more frequent among AAs 

but that copy number deletions were fewer4. It is possible that different underlying DNA 

repair4 or stress-response mechanisms50 underly the population divergence between somatic 

mutations and copy number changes. While inactivation of a pathway, independently of the 

underlining mechanism, manifests in a similar manner on tumor biology, one implication of 

these differences relates to genes that are co-deleted with a tumor suppressor, or not. For 

example, the co-deletion of MTAP with CDKN2A creates a synthetic lethal vulnerability to 

the MAT2A/PRMT5/RIOK1 axis and a potential novel therapeutic vulnerability51. Thus, 

patients with CDKN2A mutations, as opposed to CDKN2A deletion, might not respond to 

such a therapeutic approach. Further, within the guidance to develop immune checkpoint 
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inhibitor treatment in the context of mutually altered KRAS and STK11 tumors, it will be 

important to consider the therapeutic indications of both somatic copy number and mutation 

changes.

Our analysis also identified PIK3CG as a gene significantly mutated in NSCLC in AAs. 

Data from TCGA support the increased mutation frequency of this gene in LUAD in African 

Americans but a recent analysis of adenocarcinomas using targeted sequencing did not8. 

Interestingly, population differences in the mutation frequency of this gene in Asian 

populations have been shown previously, where PIK3CG is mutated in ~30% of LUSCs52. 

PIK3CG encodes a protein that belongs to the PI3/PI4 family of kinases. It modulates 

extracellular signals, including those elicited by E-cadherin-mediated cell-cell adhesion and 

has been implicated in Notch signaling, stemness and migration in claudin-low breast cancer 

cells53. It has also been implicated in pancreatic cancer as an oncogene54, but data regarding 

NSCLC is sparse. Data from a few studies describe a low prevalence of mutations in 

PIK3CG in NSCLC55, including one that links mutations with poor overall survival56 and 

another that shows how knock-out of PIK3CG induces cell death52. Of note, recent data 

suggest that, in general, the PIK3CA pathway is less frequently altered in African 

Americans in both pan-cancer and NSCLC41. Further work on this gene in AAs is 

warranted.

We also identified several genes that have a higher mutation prevalence in NSCLC among 

AA patients compared to EA patients. For example, we found COL11A1 mutated at a higher 

frequency in African Americans with LUAD. COL11A1 is a collagen type XI α1 protein 

that encodes one of the two α chains of type XI collagen, a minor fibrillar collagen57. As a 

major component of the extracellular matrix (ECM), collagens are involved in the regulation 

of multiple biological processes, including cell proliferation, differentiation and migration57; 

it has also been implicated in NSCLC progression58. SPTA1 was mutated at a higher 

frequency among AAs with LUAD, compared with EAs. A reduction in SPTA1 protein 

expression was previously found in NSCLC59; it is a plasma membrane to the actin 

cytoskeleton and functions in the determination of cell shape, arrangement of 

transmembrane proteins, and organization of organelles. We found LRP1B (low-density 

lipoprotein receptor-related protein 1B) mutated in approximately 40% of LUAD samples. 

Mutations in this gene were previously reported in NSCLC, with some indications that it 

may be associated with response to immune checkpoint drugs due to a higher mutational 

burden observed among LRP1B mutant tumors60, 61. Of note, we also observed significantly 

increased tumor burden among LRP1B mutant tumors among African Americans 

(Supplementary Figure 7).

Endogenous biological processes and exogenous exposures contribute to the mutational 

landscape of tumors30, 62. We therefore assessed the mutational patterns of these tumors 

from African Americans and identified the same key mutational processes as seen in 

European Americans, i.e., SBS4 (tobacco-associated) and SBS2/13 (aberrant APOBEC 

activity). There were no significant associations between African ancestry and SBS 

signatures following correction for multiple testing, consistent with previous observations 

using targeted gene panels8. Although we had a limited sample size, we leveraged the 

available demographic and exposure data that we had on our participants but did not find 
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significant associations between metrics of SES, such as income and education, with the 

genes we found enriched among African Americans. This analysis was likely impacted by 

power. To uncover the potential etiological processes driving the occurrence of mutations in 

JAK2, PTPRT, RB1, STK11, PIK3CG and CDKN2A, we also integrated somatic mutational 

signatures with the mutation status of these genes. Interestingly, SBS2 and SBS13, those 

associated with aberrant APOBEC signaling, were enriched in tumors with mutated RB1, 
JAK2, and PTPRT. This suggests that aberrant APOBEC activity in tumors from African 

Americans could drive the increased mutations of these genes. However, an analysis of 

APOBEC1 and 3 expression in data we had previously collected7 did not reveal consistent 

significant mRNA expression differences. A germline variant in cytidine deaminase, codon 

70 (208G > A) that consists of a threonine instead of an alanine, is found mostly in African 

and Asian populations63, so it is possible that structural differences at the protein level could 

make a difference. However, we found several genes where mutation frequencies are not 

enriched in AAs, such as PIK3CA, RET, ARID1A, EGFR, NFE2L2 and SMARCA4, that 

also had increased SBS2 and SBS13 representation. Thus, additional studies should be 

conducted with greater sample size and demographic variables to further understand the 

potential etiological forces that contribute to these mutation differences in AAs. Of note, 

although our data do not point towards APOBEC and a role in disparities per se, the finding 

that these signatures are associated with the mutation profile of these genes in NSCLC is 

novel.

In summary, using whole exome sequencing, we extended our previous targeted exome 

analysis of NSCLC in African Americans, validated our previous observations and identified 

increased mutation frequency of several tumor suppressor genes in NSCLC. As before, most 

somatic mutation differences that we observe occur in LUAD. Future, larger studies with 

demographic, socioeconomic, and etiological data will be needed to assess the factors that 

contribute to these population differences in tumor biology as well as whether these 

differences in tumor biology relate to therapy outcomes, including ICI, at a gene level. Our 

data highlight the continuing importance of not only including minority populations in 

genomics research, but leveraging the inherent differences represented by race to contribute 

towards understanding observed differences in incidence, severity and treatment response. 

This will become especially useful as more is learned about how somatic mutations 

influence the tumor microenvironment, the immune response to carcinogenesis and 

treatment efficacy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Somatic mutation landscape of lung cancer derived from whole exome sequencing of 82 

lung cancers from African Americans. (A) Shown are genes with nonsynonymous and indel 

mutations of >10% frequencies. Mutant frequencies in the cohort are shown on the right. 

Demographic and lifestyle exposures are superimposed at the bottom of the oncoplot. (B) 
Enhanced mutation frequency of STK11 and RB1 in African Americans compared with 

European Americans. (C) Dysregulated interferon signaling among STK11 mutant tumors 

and infiltration of Th1 and Th2 cells. P-values determined using two-sided Student’s t tests.
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Figure 2: 
Contribution of mutational signatures to the somatic landscape of lung cancer in African 

Americans. Clustering of patients is shown based on the proportion of mutational signatures 

in each tumor. Mutational signatures are grouped as per their etiological origin (left). 

Demographic and lifestyle exposures are superimposed at the bottom of the oncoplot.
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Table 1:

Demographics of the study cohort (N = 82)

Characteristics AA

Age (years) 63.5 ± 8.7

Gender

 Female 18 (22%)

 Male 64 (78%)

BMI (kg/m2)

 Underweight 5 (6.1%)

 Normal 26 (31.7%)

 Overweight 19 (23.2%)

 Obese 12 (14.6%)

 Unknown 20 (24.4%)

Education

 Low 26 (31.7%)

 Medium 26 (31.7%)

 High 6 (7.3%)

 Unknown 24 (29.3%)

Income

 Low 17 (20.7%)

 Medium 27 (32.9%)

 High 7 (8.5%)

 Unknown 31 (37.8%)

Smoking Status

 Never 3 (3.7%)

 Former 29 (35.4%)

 Current 48 (58.5%)

 Unknown 2 (2.4%)

Smoking Pack-years

 Low 26 (31.7%)

 Medium 23 (28.0%)

 High 25 (30.5%)

 Unknown 8 (9.8%)

Menthol Use

 Yes 26 (31.7%)

 No 12 (14.6%)

 Unknown 44 (53.7%)

Histology

 LUAD 36 (43.9%)

 LUSC 39 (47.6%)

 BAC 4 (4.9%)

 Other 3 (3.7%)
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Characteristics AA

Stage

 I 49 (59.8%)

 II 23 (28.0%)

 III 5 (6.1%)

 Unknown 5 (6.1%)

LUAD denotes lung adenocarcinoma, LUSC denotes lung squamous cell carcinoma, BAC denotes bronchioalveolar carcinoma

Education: low (Elementary school, middle school and 10th or 11th grade); medium (high School or GED, some college, technical school); high 
(College, professional school)

Income: low (under $15,000); medium ($15,000-60,000); high ($60,000 and above)

Pack-years of smoking: low (under 19 packyears smoked); medium (19.0-36.7 packyears smoked); high (greater than 36.7 packyears smoked)

BMI: underweight (under 18.5 kg/m2); normal (18.5-24.9 kg/m2); overweight (25.0-29.9 kg/m2); obese (greater than 30 kg/m2)
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Table 2:

Significant (top panel) and most frequently (bottom panel) mutated genes in lung cancer from African 

Americans

AA LUAD EA
LUAD AA LUSC EA LUSC

Gene
NCI-MD

[n=82]
(AA)

NCI-MD
WES
FF

[n=36]

NCI-MD
Targeted

FF
[n=54]

TCGA
WES
FF

[n=52]

TCGA
WES
FF

[n=381]

NCI-MD
WES
FF

[n=39]

NCI-MD
Targeted

FF
[n=65]

TCGA
WES
FF

[n=27]

TCGA
WES

FF
[n=331]

TP53 0.52 0.42 0.46 0.65 0.49 0.56 0.68 0.93 0.83

STK11 0.15 0.25 0.19 0.21 0.13 0.08 0.03 0.07 0.01

PIK3CG 0.13 0.11 0.06 0.10 0.06 0.13 0.14 0.07 0.09

RB1 0.11 0.14 0.09 0.13 0.04 0.10 0.09 0.07 0.09

CDKN2A 0.10 0.06 NA 0.08 0.03 0.15 0.12 0.07 0.17

LRP1B 0.44 0.44 0.31 0.40 0.32 0.41 0.34 0.19 0.36

CSMD3 0.43 0.39 0.35 0.52 0.38 0.46 0.42 0.56 0.43

SPTA1 0.29 0.39 NA 0.35 0.23 0.18 NA 0.15 0.22

NAV3 0.28 0.36 NA 0.31 0.19 0.13 NA 0.11 0.22

PCLO 0.28 0.22 NA 0.27 0.16 0.31 NA 0.11 0.18

ZFHX4 0.27 0.22 NA 0.48 0.30 0.28 NA 0.22 0.28

COL11A1 0.24 0.33 NA 0.31 0.19 0.15 NA 0.11 0.19

SI 0.24 0.28 NA 0.23 0.15 0.15 NA 0.11 0.18

ZNF536 0.24 0.19 NA 0.29 0.20 0.23 NA 0.26 0.12

FSIP2 0.23 0.22 NA NA NA 0.18 NA NA NA

RELN 0.23 0.19 NA 0.19 0.15 0.23 NA 0.15 0.18

ANK2 0.22 0.22 NA 0.25 0.19 0.18 NA 0.15 0.14

PTPRB 0.22 0.25 NA 0.12 0.07 0.10 NA 0.07 0.13

ASXL3 0.21 0.25 NA 0.19 0.13 0.13 NA 0.04 0.08

NLRP3 0.21 0.31 NA 0.15 0.10 0.10 NA 0.11 0.07

PAPPA2 0.21 0.22 NA 0.27 0.16 0.10 NA 0.19 0.18

PTPRT 0.12 0.17 0.20 0.21 0.08 0.13 0.06 0.07 0.07

JAK2 0.11 0.14 0.09 0.06 0.02 0.10 0.09 0.04 0.03

FF denotes fresh frozen, FFPE denotes formalin fixed paraffin-embedded, AA denotes African Americans, EA denotes European Americans, WES 
denotes whole exome sequencing, LUAD denotes lung adenocarcinoma, LUSC denotes lung squamous cell carcinoma
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Table 3:

Univariable relationship between somatic mutations with 5-year lung cancer specific survival

All (N=82) LUAD (N=36) LUSC (N=39)

Gene HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

STK11 status

Wild Type STK11 Reference Reference Reference

Mutant STK11 0.60 (0.21-1.70) 0.33 0.82 (0.22-3.02) 0.76 0.65 (0.09-4.86) 0.67

RB1 status

Wild Type RB1 Reference Reference Reference

Mutant RB1 0.48 (0.17-1.36) 0.17 0.31 (0.04-2.44) 0.27 0.71 (0.20-2.44) 0.58

CDKN2A status

Wild Type CDKN2A Reference Reference Reference

Mutant CDKN2A 1.64 (0.64-4.23) 0.30 NA NA 2.93 (1.04-8.28) 0.04

PIK3CG status

Wild Type PIK3CG Reference Reference Reference

Mutant PIK3CG 0.68 (0.27-1.76) 0.43 0.35 (0.04-2.7) 0.31 0.76 (0.18-3.33) 0.72

PTPRT status

Wild Type PTPRT Reference Reference Reference

Mutant PTPRT 0.81 (0.38-1.73) 0.59 0.38 (0.08-1.173) 0.21 1.06 (0.35-3.23) 0.92

JAK2 Status

Wild Type JAK2 Reference Reference Reference

Mutant JAK2 1.33 (0.63-2.84) 0.46 0.57 (0.12-2.61) 0.47 2.40 0.90-6.40 0.08

LRP1B status

Wild Type LRP1B Reference Reference Reference

Mutant LRP1B 0.80 (0.41-1.56) 0.51 0.45 (0.14-1.43) 0.18 1.12 (0.43-3.40) 0.72

SPTA1 status

Wild Type SPTA1 Reference Reference Reference

Mutant SPTA1 0.72 (0.37-1.39) 0.33 0.63 (0.20-1.96) 0.43 0.70 (0.26-1.85) 0.47

NAV3 status

Wild Type NAV3 Reference Reference Reference

Mutant NAV3 0.91 (0.47-1.76) 0.78 0.49 (0.13-1.80) 0.28 0.78 (0.29-2.08) 0.62

COL11A1 status

Wild Type COL11A1 Reference Reference Reference

Mutant COL11A1 0.90 (0.47-1.75) 0.76 0.49 (0.15-1.62) 0.24 0.96 (0.37-2.49) 0.94

SI status

Wild Type SI Reference Reference Reference

Mutant SI 0.69 (0.36-1.32) 0.26 0.40 (0.12-1.33) 0.14 0.93 (0.37-2.34) 0.88

ASXL3 status

Wild Type ASXL3 Reference Reference Reference

Mutant ASXL3 1.70 (0.85-3.40) 0.14 0.48 (0.10-2.19) 0.34 4.49 (1.69-11.95) 0.0026

ZNF536 status

Wild Type ZNF536 Reference Reference Reference
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All (N=82) LUAD (N=36) LUSC (N=39)

Gene HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Mutant ZNF536 1.52 (0.77-3.02) 0.23 0.91 (0.25-3.35) 0.88 1.79 (0.67-4.81) 0.25

HR denotes hazard ratio, CI denotes confidence interval
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