
1 
 

Supplementary Information 
 
Pilot study to detect genes involved in DNA damage and cancer in 
humans: Potential biomarkers of exposure to E-cigarette aerosols 
 
Samera H. Hamad1,2*, Marielle C. Brinkman3, Yi-Hsuan Tsai1, Namya Mellouk4, Kandice 
Cross5, Ilona Jaspers2,6, Pamela I. Clark7*, and Courtney A. Granville8* 

 
1UNC Lineberger Comprehensive Cancer Center, University of North Carolina at Chapel Hill, 
Chapel Hill, NC27599  
2Curriculum in Toxicology and Environmental Medicine, University of North Carolina at Chapel 
Hill, Chapel Hill, NC27599  
3College of Public Health, Ohio State University, Columbus, OH43210 
4National Institute of Environmental Health Sciences, Research Triangle Park, NC27709  
5Gad Consulting Services, Risk Assessment, Consulting in Raleigh, NC27609  
6Department of Pediatrics, School of Medicine, University of North Carolina at Chapel Hill, 
Chapel Hill, NC27514 
7School of Public Health, University of Maryland, College park, MD20742  
8Drug Information Association, Washington, DC20036  
 
 
 
 
 
 
 
 
 
 
 
*Corresponding Authors: To whom correspondence should be addressed: 
 
Samera Hamad, UNC-Lineberger comprehensive Cancer Center, 450 West Dr. Chapel Hill, NC 
27599, Tel: 608-217-2829, email: samera_hamad@med.unc.edu   
   
Pamela Clark, School of Public Health, University of Maryland, College park, MD 20742, Tel: 
443-791-3553, email: clarkp@umd.edu     
 
Courtney Granville, Drug Information Association, Washington, DC 20036, Tel: 614-607-
2766, email: courtneygranville@gmail.com  
 
 
 
 
 
 
 
 



2 
 

 
 
Supplementary Figure S1. The overview of the experimental study design, before vaping (A), 
and during and after vaping (B). [*] Blanks and duplicates of biological samples were collected 
in each session   
 
 
 
 
 
 
Supplementary Table S1. Eligibility criteria  
 
 
Eligibility item Eligible for Study Participation 
Age 18-59 years old 
Type of E-cig Cartomizer or tank style 
Combustible cigarette smoker No; should quit at least 2 months before participation 
Past cigarette smoker If yes, at least 100 cigarettes in lifetime; must have quit 

at least 2 months before participation in the study 
Daily e-cig use Yes 
E-liquid-Levels of nicotine 
level  

Maximum 6 mg/ml 
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Supplementary Table S2. Eligibility screening survey; *DK: Do not Know 
 
 

QUESTION RESPONSE ELIGIBLE 
RESPONSE 

How did you find out about this study Newspaper Poster or 
Flyer Friend Other  

How old are you? Age: Comments ≥18 ½ years 

Do you use electronic cigarettes every day? Yes No  Yes 
How long have you been using electronic 
cigarettes?  ≥2 months 

How many times do you use an electronic 
cigarette per day  ≥8 

Are you willing to use your own electronic 
cigarette during a test session in our lab? Yes No  Yes 

What type of electronic cigarette do you 
vape? 
 
Brand, style, model, etc. 

 
Will not 

determine 
eligibility 

Do you use an electronic cigarette 
containing nicotine? Yes No DK* Yes 

Are you willing to use a commercially 
available electronic cigarette during a test 
session in our lab? 

Yes No  Yes 

Could you come to the lab twice, one week 
apart, for about 3 hours each time? Yes No  Yes 

Are you willing to use a recording device 
when you vape electronic cigarettes on your 
own time for one week? 

Yes No  Yes 

Do you have any mouth or throat problems 
that would keep you from comfortably 
vaping an electronic cigarette? 

Yes No  No 

Do you have a history of problems resulting 
from blood draws? Yes No  No 

Will you have difficulty having two small 
samples (~2 teaspoons each) of your blood 
drawn during each lab visit? 

Yes No  No 

Do you have respiratory allergies, a history 
of pulmonary disease, or asthma? Yes No  No 

Do you suffer from claustrophobia, i.e., are 
you uncomfortable in closed-in spaces? Yes No  No 

Are you in the process of trying to stop 
using electronic cigarettes? Yes No  No 

WOMEN:  Are you pregnant, breastfeeding, 
or trying to become pregnant? Yes No  No 
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Supplementary Table S3. Laboratory visit dates and subjects’ e-cigarettes vaped in this study  
 

Subject ID_ 
Male/Female 

Visit # (date) E-Cigarette Type (nicotine 
Conc. mg/ml) 

CO Conc. ppm; 
before/ after vaping 

S01_M 
V1 (05/18/2017) EVOD brand (6) 0/0 
V2 (05/23/2017) 0/0 
V3 (05/25/2017) 0/0 

 
S02_F 

V1 (05/22/2017) Vaporfit Pro brand (3) 1/1 
V2 (06/05/2017) 1/0 
V3(06/06/2017) 0/0 

S03_M 
V1 (05/30/2017) Smok Alein 220 brand (6) 0/0 
V2 (06/02/2017) 0/0 
V3 (06/05/2017) 0/0 

 
 
 
Supplementary Table S4. Number of buccal and blood samples, duplicates, and method blanks 
collected 
 
Subject ID_ 
Male/Female 

Visit 
number 

Sampling 
date 

Number 
of Blood¥ 
samples 

Number 
of 
Buccal¥ 
Samples 

Duplicates (Dup)  
and Method Blanks (Blk)* 

S01_M 
 
 
 
 

V1 05/18/17 3 2 Pst**-Blood Dup + One Buccal Blk 
V2 05/23/17 3 3 Pre***-Blood Dup + Pst Buccal 

Dup 
V3 05/25/17 2 3 Pre-Buccal Dup 

S02_F V1 05/22/17 3 3 Pre-Blood Dup + Pst Buccal Dup 
V2 06/05/17 2 3 Pre-Buccal Dup 
V3 06/06/17 3 2 Pst-Blood Dup 

S03_M V1 06/02/17 3 2 Pst-Blood Dup 
V2 06/05/17 2 2 None 
V3 06/07/17 2 3 Pre-Buccal Dup + One Buccal BLK 

+ 2 Blood Blks 
Total samples:   23 + 

2Blks=25 
23 + 
2Blks=25 

 

 
     * Blanks of blood or buccal was performed by using RNA-Later solution only; **Pst: post 
exposure; ***Pre: pre-exposure 
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SUPPORTING MATERIALS AND METHODS 

Quantitative RT-PCR analysis of gene expression: The fifty biologic (25 buccal epithelial and 25 

blood) samples were shipped to Battelle Eastern Science and Technology (BEST), June 26, 2017, 

and extracted for RNA. The RNA extraction was performed using the RNeasy Mini Kit, followed 

by cDNA synthesis using the RT2 First Strand Kit (Qiagen, Alameda, CA, USA). After cDNA 

synthesis, samples were diluted in water and aliquoted within the 96-well array. The Human DNA 

Damage Signaling Pathway RT2 Profiler TM PCR Array (QIAGEN, PAHS-029ZA) comes pre-

loaded with SYBR-based primers in each well that are specific to 84 DNA damage related genes 

, 5 house-keeping genes [Beta-2-Microglobulin (B2M), Hypoxanthine phosphoribosyl transferase 

1 (HPRT1), Ribosomal Protein L13a (RPL13A), Glyceraldehyde-3-phosphate Dehydrogenase 

(GAPDH), and Actin beta (ACTB), a human genomic DNA contamination negative control 

(HGDC), reverse transcription control (RTC) and positive PCR controls (PPC). Positive control 

RTC and PPC genes had robust expression with approximate cycle threshold (Ct) values in the 18 

to 26 range for all samples.  

The fold changes for each of the 84 genes relative to each of the five house-keeping genes was 

summarized in the accompanying Excel files. For buccal (BUCL) samples the house-keeping gene 

B2M had relatively robust signaling according to Ct values (average of 26); for WBC/blood 

samples, while HPRT1 was the most appropriate house-keeping gene for the respective 25 buccal 

samples. The reportable values for each sample from each array was expressed as a relative cycle 

threshold (Ct) value and converted to fold-change values relative to appropriate house-keeping 

genes.  
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Supplementary Table S5. Genes, their abbreviations, and the catalog numbers of their primers, 
examined in the PCR-bioassay  
 

GENE ID GENE OFFICIAL NAME 
RT2 qPCR ASSAY 
CATALOG # 
 

ABL1 Tyrosine-protein kinase ABL1 PPH00087E 

ANKRD17 Ankyrin repeat domain-containing protein 17 PPH12069A 

APEX1 DNA-apurinic or apyrimidinic site lyase PPH02201A 

ATM Ataxia Telangiectasia Muted PPH00325C 

ATR Ataxia Telangiectasia And Rad3 Related PPH01318B 

ATRX Alpha thalassemia/metal retardation syndrome X-linked PPH00470F 

BRCA1 Breast cancer type 1 susceptibility protein PPH00322F 

BTG2 BTG anti-proliferation factor 2 PPH01750C 

CCNH Cyclin-Dependent Kinase-Activating Kinase Complex Subunit PPH00959E 

CDK7 Cyclin Dependent Kinase 7 PPH00935E 

CHEK1 Checkpoint Kinase 1 PPH00940C 
CHEK2 Checkpoint Kinase 2 PPH00921B 

CIB1 Calcium And Integrin Binding 1 PPH12320C 

CIDEA Cell Death Inducing DFFA Like Effector A PPH00899C 
CRY1 Cryptochrome Circadian Regulator 1 PPH06231B 
DDB1 Damage Specific DNA Binding Protein 1 PPH01515A 
DDIT3 DNA Damage Inducible Transcript 3 PPH00310A 
DMC1 DNA Meiotic Recombinase 1 PPH02712F 

ERCC1 Excision Repair 1, Endonuclease Non-Catalytic Subunit PPH01539A 

ERCC2 ERCC Excision Repair 2, TFIIH Core Complex Helicase Subunit PPH01550C 

EXO1 Exonuclease 1 PPH02715A 

FANCG FA Complementation Group G PPH20387A 

FEN1 Flap Structure-Specific Endonuclease 1 PPH00502B 

XRCC6 X-Ray Repair Cross Complementing 6 PPH02175A 

GADD45A Growth Arrest And DNA Damage Inducible Alpha PPH00148B 

GADD45G Growth Arrest And DNA Damage Inducible Gamma PPH02207A 

GML Glycosylphosphatidylinositol Anchored Molecule Like PPH01755F 

GTF2H1 General Transcription Factor IIH Subunit 1 PPH02600F 

GTF2H2 General Transcription Factor IIH Subunit 2 PPH73147A 

GTSE1 G2 And S-Phase Expressed 1 PPH01748F 

HUS1 HUS1 Checkpoint Clamp Component PPH00922B 

IGHMBP2 Immunoglobulin Mu DNA Binding Protein 2 PPH08993F 

IP6K3 Inositol Hexa-kis-phosphate Kinase 3 PPH08133A 

XRCC6BP1 ATP23 Metallopeptidase And ATP Synthase Assembly Factor Homolog PPH09665E 

LIG1 DNA Ligase 1 PPH02094A 
MAP2K6 Mitogen-Activated Protein 2 Kinase 6 PPH00742B 
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MAPK12 Mitogen-Activated Protein Kinase 12 PPH01779A 
MBD4 Methyl-CpG Binding Domain 4, DNA Glycosylase PPH02709A 

MLH1 MutL Homolog 1 PPH00196F 

MLH3 MutL Homolog 3 PPH02700A 
MNAT1 MNAT1 Component Of CDK Activating Kinase PPH02714A 

MPG N-Methylpurine DNA Glycosylase PPH02102A 

MRE11A MRE11 Homolog, Double Strand Break Repair Nuclease PPH01097C 

MSH2 MutS Homolog 2 PPH00197E 
MSH3 MutS Homolog 3 PPH02195A 

MUTYH MutY DNA Glycosylase PPH02697E 

N4BP2 NEDD4 Binding Protein 2 PPH19003B 
NBN Nibrin PPH00946C 
NTHL1 Nth Like DNA Glycosylase 1 PPH02720A 

OGG1 8-Oxoguanine DNA Glycosylase PPH02103A 

PCBP4 Poly (RC) Binding Protein 4 PPH01756C 

PCNA Proliferating Cell Nuclear Antigen PPH00216B 

AIFM1 Apoptosis Inducing Factor Mitochondria Associated 1 PPH01037A 

PMS1 PMS1 Homolog 1, Mismatch Repair System Component PPH02155B 

PMS2 PMS1 Homolog 2, Mismatch Repair System Component PPH02095E 

PMS2P3 PMS1 Homolog 2, Mismatch Repair System Component Pseudogene 3 PPH02741C 

PNKP Polynucleotide Kinase 3'-Phosphatase PPH02725A 

PPP1R15A Protein Phosphatase 1 Regulatory Subunit 15A PPH02081E 

PRKDC Protein Kinase, DNA-Activated, Catalytic Subunit PPH01309C 

RAD1 RAD1 Checkpoint DNA Exonuclease PPH00741F 

RAD17 RAD17 Checkpoint Clamp Loader Component PPH00929F 

RAD18 RAD18 E3 Ubiquitin Protein Ligase PPH02740A 

RAD21 RAD21 Cohesin Complex Component PPH10216A 

RAD50 RAD50 Double Strand Break Repair Protein PPH00956B 

RAD51 RAD51 Recombinase PPH00942F 

RAD51B RAD51 Paralog B PPH02654B 
RAD9A RAD9 Checkpoint Clamp Component A PPH00944C 

RBBP8 RB Binding Protein 8, Endonuclease PPH00954F 

REV1 REV1 DNA Directed Polymerase PPH21080A 

RPA1 Replication Protein A1 PPH02730A 

SEMA4A Semaphorin 4A PPH19432A 

SESN1 Sestrin 1 PPH01759B 
SMC1A Structural Maintenance Of Chromosomes 1A PPH14489A 

SUMO1 Small Ubiquitin Like Modifier 1 PPH00973F 

TP53 Tumor Protein P53 PPH00213F 

TP73 Tumor Protein P73 PPH00725A 

TREX1 Three Prime Repair Exonuclease 1 PPH02340B 

UNG Uracil DNA Glycosylase PPH01727E 

XPA DNA Damage Recognition And Repair Factor PPH01524C 



8 
 

XPC Complex Subunit, DNA Damage Recognition And Repair Factor PPH01536F 

XRCC1 X-Ray Repair Cross Complementing 1 PPH01741A 

XRCC2 X-Ray Repair Cross Complementing 2 PPH01694A 

XRCC3 X-Ray Repair Cross Complementing 3 PPH02208A 

ZAK Sterile alpha motif and leucine zipper containing kinase  PPH05541E 
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Supplementary Table S6A. The expression data of eighty-four genes analyzed in human buccal 
samples 
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Supplementary Table S6B. The expression data of eighty-four genes analyzed in human 
blood/White Blood Cells (WBC) samples  
 


