11/12/2014

abetes & Obesity Center|
OF

SCHOOL OF PUBLIC HEALTH
& INFORMATION

Association between Benzene Exposure,
Circulating Angiogenic Cell Levels, and
Cardiovascular Disease Risk in the Louisville
Healthy Heart Study

Natasha DeJarnett,! Daniel J. Conklin,* Daniel Riggs,* Timothy E. 0'Toole,!

James McCracken,’ Wes Abplanalp,! Petra Haberzettl,' Ray veager,z

Sanjay Srivastava,! Ihab Hamzeh,! Stephen Wagner,‘Atu\ Chugh,

Andrew DeFilippis,  Tiffany Ciszewski,' Bradley Wyatt,! Carrie Beche

Deirdre Higdon: Zhengahi Xie. Kenneth Ramos,* bavid ). Tollerad; 1John Myers,*
Shesh Rai,¥ Sumanth D. Prabhu,! Aruni Bhatnagar’>

University of x Occupational
Health 2 = . and Biostatistics and

Bioinformatics®

APHA Annual Meeting, 17 November 2014

Overview

Background Air
®  Cardiovascular disease (CVD)
burden

®  CVDand pollution

®  Endothelial progenitor cells (EPCs)/
Circulating angiogenic cells (CACs)

Benzene exposure effects

Methods of the Healthy Heart Study

Background  Methods  Results  Discussion

Burden of Cardiovascular Disease

Results
Summan Circulating Angiogenic
Y Cell Levels
2
Background  Mcthods  Results  Discussion

Biological Plausibility

Rand the PAF
. eportd with i 95 1 o sl Mot signfantvigges show 955 st
PAF-papulation attrbutabie fractian.

e v i 0%, Kokl o e, e O3 are given i

Nawrot etal. 2011

PM in Circulation

ANS Imbalance

Brooket al, 2010

Systemic and Oxidative Stress
and Inflammation

Background  Methods  Results

W High risk
B Low risk

Time.

Fadini et al. 2007, 2012

Background  Methods  Results  Discussion

Effect of risk factors on number of EPCs

CD34/KDR-positive cells (%)

EPCs and CVD Risk

Association between the FRS
and EPC Colony Counts

70 1=-047
3 Po0a1
Pl .
25w
4]
£33
=1
o0t R 31
0.00] e e e A & —
— 3
2 1 2 * 4 5 & T L o
Number of s feciors for CAD Framingham Risk Scora
Vasaetal. 2001 Hil et al. 2003




Background

Association between Human EPCs and PM, 5

CD31+/CD34°ICD4SICD133: cells.

Association between Mouse EPCs and PM, 5

g

Al=0897
£D,, = 11.8days

B

Flk-1*/Sca-1* cells per
100 pL blood (% of control)

b5 oW W B W
CAP exposure (days)

Association between Human Circulating Angiogenic Cells (CACs) and Acrolein

can ea

et

11/12/2014

Background  Methods

Benzene-CVD Risk

Bone marrow toxicant

Associated with increased
cardiovascular mortality*

Chronic exposure linked with
hypertension® ¢

Found in high amounts in traffic,
industrial emissions, and cigarette
smoke

Benzene metabolite trans, trans-
muconic acid (t,t-MA) linked with
environmental exposure
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Cross-sectional Design

 Patient recruitment from
UofL AIM and Preventive
Cardiology clinic
10/2009 - 03/2011

iving primary or
condary CVD

« Questionnaire, blood and
urine collection during
exam

CAC Identification

« Flow cytometry identified
g angiogenis

) with antigenic

markers
+ CD31° (endothelial)
* CD34" (stem)
CD45" (hematopoietic)
+ AC133° (early/late stem)
« 1d-1° verified angiogenic

Methods  Results

Table 1. Antigenic identity of CACs

Benzene Exposure

« t-MA and tobacco
metabolites quantified by
C/MS
« Self-report of tobacco
xposure
« Distance to major
roadway (10,000
cles/day) asses
8 phic
Information Systems (GIS)

Statistical Analysis

« Descriptive stats

« Transform CACs

« T-tests, ANOVA

* X2 Analy:

* Generalized linear models

Population C¢! Differentiaiion State Abundance

Celltype-1 CD31/34'145% 02%

Celltype-2 CD31'/34'/45° 01%

Celltype-3 CD31Y3445%IACI33"  01%

Celltype-4  CD3134°145°IAC133* 001%

Celltype-5s  CD31'/AC133" 0.3% Cell type-2 Cell type-8 ) poqtrol
Celltype-6  CD31/34 0.4% CR3TEA G
Celltype-7 CD31Y34145%ACI33-  02%

Cell type-8  CD31'/34°/45/AC133~ 0.1% Figure 1. 1d-1
Celltype-9 CD34" 03% stains of Cell

Cell type-10 CD31* 32% types 2,8, 11,
Cell type-11 AC133" 0.4% zysjidtgi;iie"ce
Cell type-12 CD45* 55% stain) in nuclei
Cell type-13 CD34°/AC133" 01% (blue stain)

Cell type-14 CD34'/451/AC133* DLy Cell type-11 Cell type-14 indicates validated
Cell type-15 CD34'/455m/AC133" 01% angiogenic cells.

CAC Identification
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Table 2. Demographic summary of the Louisville Healthy Heart Study stratified by tt-MA tertiles. Low ttMA 50.06;
medium L-MA >0.06-0.16, high t-MA >0.16 mglg creatinine. Revascularization includes coronary artery bypass graft,
percutaneous coronary intervention, or stents. Platelet-leukocyte aggregates are the % total of cells CD41+/45+. * = 13
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Cotinine, Ln [iglg creatinine]

Figure 2A. Positive association between cotinine
and t,t-MA. Cotinine levels were regressed against
ttMA, verifying the link between smoking and
benzene exposure.

JHPMA, Ln [gig creatinine]

Figure 2B. Positive association between t,t-MA
and 3-HPMA. 3-HPMA levels were regressed
against Lt-MA, further verifying the link between

smoking and benzene exposure.
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significant at the 0.05 level,
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Roadway and Benzene

Figure 3A. Healthy Heart Study geographic
distribution. ~ Participant residences  are
geographically masked.

2] B=-0.129, R?=0.013, p=0.134
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Figure 3B. No association between t,t-MA and
distance from a major roadway. Residential
proximity to a major road (annual mean of
10,000 vehicles/day).
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Table 3. Significant associations (adjusted) between t,t-MA and circulating
angiogenic cell levels.

Cell type-2 Cell type-8 Cell type-11 Cell type-14
[L-MA Regression (CD31‘/§3‘/45’) (CDSl‘/SA‘/X;‘/AClﬁ') (Aciga') (CD34‘/4;5A0133‘)
ITotal Population, adjusted for ethnicity, hyperipidemia, and cotinine n=210
8 -1.783 -1.933 -0.047 -1.663
p-value 0.001* 0.001* 0.870 0.006*
INon-smokers, ! adjusted for ethnicity, hyperlipidemia, and cotinine n=128
-2.246 -0.304 -1.945
p-value 0.004* 0.364 0.001*
casian, adjusted for hyperlpidemia, and cotinine n=
8 -1.788 -0.410 -1576
p-value 0.014* 0.068 0.015*
B -1.418 -1.603 1.594 -7.106
p-value 0.044* 0.030% 0.013* 0.032*

*p<0.05
tNonsmokers have cotinine < 200ug/g creatinine.
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Figure 4A. Association between CVD risk and t.t-
MA. Mean t,t-MA levels for low (Framingham Risk
Score (FRS) < 20) and high (FRS 2 20 or
experienced a cardiovascular event) CVD risk
category were 0.14#0.03 (n=44) and 0.19:0.02
(n=166) mglg creatinine, respectively.

CVD Risk Category (non-smokers)

Figure 4B. Association between CVD risk and t,t-
MA in non-smokers. Mean t,t-MA levels for low and
high CVD risk category in non-smokers (cotinine <
200 pglg creatinine) were 0.10£0.03 (n=28) and
0.21+0.04 (n=98) mg/g creatinine, respectively.

Discussion
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t,t-MA levels were positively associated
with cigarette smoke exposure. Air
Pollution
Levels of cell types 2, 8, and 14 were
inversely associated with t,t-MA levels.
Benzene may increase CVD risk in part
through the suppression of these cells.

t,t-MA levels were higher in people with
high CVD risk regardless of smoking status.

Future research should determine which
adverse CVD outcomes are linked with
ambient air benzene exposures.

| Cell type-2, 8, and 14




Background  Methods  Resulls  Discussion

Strengths

Novel investigation of t,t-MA
and CVD risk factors

Large population study

Individual measure of benzene
exposure

Empirical cigarette smoke
exposure measurement

Discussion

Limitations

Biomarkers only collected at 1
time point

Many other benzene
metabolites

Cotinine misclassification
Possible selection bias

No ambient benzene
measurements
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