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Fold Change
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Known M13 1mrapem Interperson uar\aﬁmi (%)
Person Sex risk  Clinical status* clones  vanationt -
factor (na.) (%) Tol dentist To 30 LCs3
Dentist M Yes AIDS 6 3.3({0.8-54) 11.0 (p.B-16.0)
Patient A F No  AIDS 6 20(0.0-45)| 34 |(0.8-6.2) | 109 (p.4-14.8)
Palient B F No  Asymptomatic 12 19(04-3.7)| 44 |(21-70) | 1.2 (B.2-16.5)
(CD4 = 222/ul)
Patient C M No§ Asympltomatic 5 12{04-18) | 34 [(21-49) | 111 {F.0-15.6)
(CD4 = <50/ul)
Patient E F No  Asymptomatic 6 21(04-3.7)| 34 |1.2-66) | 10.8 (b.B8-14.8)
(CD4 = 567 )
Patient G M No  Asymptomatic 5 2B(16-37)| 49 |(28-7.0) | 1.8 (5.2-16.9)
(CO4 = 400/ul)
Patient D M Yes AIDS & [1.5(00-99) 136(1.5-156)| 13.1 (F.8-17.3)
Patent F M Yes Asymptomatic 6 3.0(08-58) |[10.7 |(B.2-13.6) | 11.9 (F.0-17.3)
(CD4 = 253/ul)
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PM, s {FESEE

Concentration (ng/mg) OC/EC Concentration (ug/mg)

fe,"ﬁﬁAcenaphthylene 2299 + 0.57 OC 4538 i 411
Z— g j&Acenaphthene 13.70 = 0.55 EC 90 + 2
& Anthracene 5,67 £ 1.16
# 3 [a]BE Benz[a]anthracene 157.40 = 1.00 Metals Concentration (ng/mg)
# 3 [b]Z¥ EBenzo[b]fluoranthene 234.16 + 21.83 Mg 4602 + 24
F 3 [k]%& B Benzo[k]fluoranthene 84.93 * 5.02 Pb 285+ 1
#FH[altEBenzo[a]pyrene 102.97 £ 8.11 Ca 2126 *+ 144
Z ¥ [e]fEBenzo[e]pyrene 92.40 x 0.56 Ti 351 + 1
Z ¥ [g,h,i]3EBenzo[ghi]perylene 90.94 * 21.93

V 38x 01
JEChrysene 222.49 * 7.09

Cr 78t 1
= X Coronene 16.47 £ 5.58

+
— 73 [a,h]EDibenz[a,h]anthracene 13.21* 2.64 Mn 641 =2
F B Auoranthene 228.44 * 4570 Fe 1736 * 15
% Huorene 9.81 £0.74 Ni 55+ 1
Bfi3F[1,2,3-cd]EEIndeno[123-cd]pyrene 7236+ 8.11 Cu 342 + 2
Naphthal 3.47 052

*Naphthalene Zn 4659 =+ 732
ZPhenanthrene 196.63 * 26.37

As 335+ 04

EEPyrene

214.27 £ 41.32




pollution and cancer: biomarker studies in human populations

Markers of DNA or protein adducts: 1-hydroxypyrene, benzene metabolites
(phenylmercapturic acid (PMA) and trans-trans-muconic acid (ttMA)), 8-oxo-7,8-

dihydro-2-deoxyguanosine (8-oxodG) in urine, DNA strand breaks, base oxidation,
8-0xodG and PAH bulky adducts in lymphocytes;

® Markers of oxidative stress-related gene: genotypes of glutathione transferases
(GSTs) and NADPH: quinone reductase (NQO1) in plasma,;

® Markers of Methylation: SATa and NBL2 in blood leukocytes, APC, pl16, p53
and RASSF1A in peripheral blood leukocyte;

® Markers of macrophages: Carbon loading in airway macrophages

® Three biomarkers of oxidative stress were found to be significantly associated with
the personal PM, ¢ exposure, namely 8-oxodG, PLAAS and MDA.



Biomarkers of DNA or protein adducts

Carcinogenesisvol.26 no.11 pp.1846-1855, 2005.

Table I. Studies on DNA or protein adducts in human populations exposed to different air pollution levels

Reference Country Population Measure Levels® P-value Notes
DNA adducts
Perera et al. (10) Poland Highly-industrialized area PAH-DNA adducts 30.4/10° versus 11 P <0.05 Winter levels
(rural area)
Peluso ef al. (8) Italy Police officers Bulky DNA adducts 1.3/10% versus 0.9 <0.05 In summer:
2.8 versus 0.8
(P < 0.001)
Nielsen et al. (11) Denmark Bus drivers PAH-DNA adducts 1.2 fmol/microg 0.04 Rural controls:
versus (.585 0.074, P < 0.001)
Palli et al. (12) Italy Traffic workers Bulky DNA adducts 13.7/10° versus 11.0  0.10 Among never-
smokers P = 0.03
Georgiadis er al. (13)  Greece Students with different Bulky DNA adducts 1.25/108 <0.001
air pollution exposures versus 1.54°
Ruchirawa et al. (9) Thailand Police officers Bulky DNA adducts 1.6/108 versus 1.2 0.03
Sorensen et al. (14) Denmark Students with different 8-0x0-dG 0.01¢ 0.007
pollution exposures
Peluso et al. (15,123) 10 European  Residents with different Bulky DNA adducts 0.066° 0.0095 Never or
countries pollution levels ex-smokers
Protein adducts
Pastorelli er al. (20) Italy Newspaper vendors Benzopyrene— 0.3 fmol/mg 0.09
hemoglobin adducts versus <(.1
Richter et al. (21) Germany Children in towns with 4-ABP-hemoglobin 30.7 pg/g Hb 20.7 <0.001

different pollution levels

adducts

*More exposed vs less exposed.
bHighel‘ adducts levels in the least polluted area.
“Regression coefficient between unit increments of PM2.5 and adduct levels.

Regression coefficient between unit increments of O3 and adduct levels.
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r)pollution and cancer: biomarker studies in human populations

® Markers of DNA or protein adducts: 1-hydroxypyrene, benzene metabolites
(phenylmercapturic acid (PMA) and trans-trans-muconic acid (ttMA)), 8-oxo-7,8-
dihydro-2-deoxyguanosine (8-oxodG) in urine, DNA strand breaks, base oxidation,
8-0xodG and PAH bulky adducts in lymphocytes;

Markers of oxidative stress-related gene: genotypes of glutathione transferases
(GSTs) and NADPH: quinone reductase (NQO1) in plasma,;

Markers of Methylation: SATa and NBL2 in blood leukocytes, APC, p16, p53
and RASSF1A in peripheral blood leukocyte;

® Markers of macrophages: Carbon loading in airway macrophages

® Three biomarkers of oxidative stress were found to be significantly associated with
the personal PM, ¢ exposure, namely 8-oxodG, PLAAS and MDA.



Biomarkers of gene mutations and gene promoter

Table 1. Summary of findings from human biomarker studies and animal in vive studies on gene mutations and gene promoter hypermethylation associated
with exposure to indoor or outdoor air pollution, some of their major components, or cigarette smoke (as a model exposure for PAHS)

Alteration/molecular biomarker studied  Cell typeftissue studied Type of exposure associated Comments Reference
Gene mutations
Human studies
HPRT gene mutations in Cord blood lymphocytes Polluted outdoor air (urban) Mutation frequency (73)
healthy newborns correlated with presence
of aromatic DNA adducts,
Negative findings in
the mothers
Negative findings in (71.72)
peripheral blood
Iymphocytes in adults
TP53 gene andfor RAS gene Lung tumour tissue; PAH-rich emissions from Frequent in lung tumour (88.90.91)
mutations in non-lung cancer non-malignant epithelial smoky coal combustion tissue. In non-malignant
patients who are smokers, or cells from sputum in unvented fireplaces cells, TP mutations
non-smokers without evidence or stoves (indoor exposure) present with a low
of lung cancer frequency
Experimental studies
Mutations of the lambda/lacl Lung tissue Diesel exhaust (inhalation Also P-labelled (37)
ransgens in rt rnsgene assay exposure, 4 weeks) aromatic DNA adducts
and 8-0x0-dG increased
Negative findings on 43.52)
mutations in other
rodent studies
" allele deletions in Retinal pigment Diesel exhaust particles 70 kb deletions spanning (53)
mouse embryos epithelium (transplacental exposure exons 6-18 of the p"” allele
for embryonic days in p""fp"" offspring mice.
10.5-15.5 following *P.post-labelling adducts
oral exposure and 8-oxo-dG levels not
of the pregnant dams) significantly increased
P33 gene and K-ras gene Lung tumour tissue Diesel exhaust; carbon Infrequent (54.55)
mutations in rats black (inhalation exposure for
24 months)
K-ras gene mutations in rats Lung adenomas and Diesel exhaust particles Frequent after intraracheal (56)
adenocarcinomas (intracheal instillation imnstillation but not mereased
for 10 weeks, tumours after inhalation exposure.
studied after 30 months)
Promoter 'rm:tl'lj..'l:.{tiun‘j
Human studies
pMMKM gene methylation Lung tumour tissue, Cigarette smoking Frequent in (Reviewed
in smoking lung cancer precursor lesions to lung NSCLC. Promoter in 1040)
patients carcinoma, non-malignant methylation of
bronchial epithelial cells various other
from brush and sputum genes also frequently
samples, and serum DNA detected
Pl gene methylation Non-malignant bronchial Cigarette smoking Present with a (103,104,108,
in cancer-free smokers epithelial cells from lower frequency 111-113)
brush and sputum samples as compared to
the tumour Gssue
Experimental studies
DAPK gene, and RAR-B Lung tumour tissue Cigarette smoke (whole Frequent (116.,117)
gene methylation in mice body exposure for 30 months)
pm’-'“‘"" gene methylation in rats Lung tumour tissue Diesel exhaust; carbon black Frequent (115)

(inhalation exposure for 24 months)

“Data available maimnly originates from exposure to cigarette smoke (smokers and experimental data).
Abbreviations: NSCLC, non-small cell lung cancer; 8-oxo-dG, 8-oxo-7 8-dihydro-2' -deoxyguanosine.
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Table 1. Characteristics of the Health 2006 study population
n/total (%)

Sex
Men 1553/3471 (44.7%)
Women 1918/3471 (55.3%)
Age in years
18-28 269/3471 (7.8%)
=28-38 444/3471 (12.8%)
=38-48 872/3471 (25.1%)
=48-58 854/3471 (24.6%)
=58-(9 0 4 9 7%

GSTM1 genotype*
GSTM1 null 1770/3364 (52.6%)
GSTM1 one copy 1322/3364 (39.3%)
GSTM1 two or more copies 272/3364 (8.1%)

GSTT1 genotype*

The Clinical Respiratory Journal (2012)

GSTT1 null
GSTT1 one copy
GSTT1 two or more copies

Current
Occasionally
Previously
Never

Type of housing
Apartment
House

Row house
Other

Size of residence; square meters (m?)

Less than 70 m?
70-110 m?
More than 110 m?

493/3344 (14.7%)
1578/3344 (47.2%)
1273/3344 (38.1%)

773/3437
113/3437
1116/3437
1435/3437

22.5%)
3.3%)

32.5%)
41.8%)

— —, —

963/3424
1629/3424
782/3424
50/3424

—

28.1%)
47.6%)
22.8%)
1.5%)

— o~ —

364/3438 (10.6%)
1380/3438 (40.1%)
1694/3438 (49.3%)
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What is SNP?

A mutation in the DNA sequence with a frequency of >1%

Spelling Genetic Alphabetic Order 4 Letters
Option
ATCG

= - ATTCCGOERIGTACTACT....

= ...ATTCCGEAGTACTACT....

A
SNP

62
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Why only < 20% smokers develop lung cancer?

CIR by 70 yrs
M: 15.9%
F: 9.5%

Genetic susceptibility?
Exposure

(Peto, BMJ, 2000)

SNPs?

Cancer-free

Screening, prevention
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GWAS of Never-smoking Female Lung Cancer

nature |
gE.‘IIE![lES

Genome-wide association analysis identifies new lung

cancer susceptibility loci in never-smoking women in Asia

Table 1 New loci associated with lung cancer in a GWAS of never-smoking Asian females

Plausible Chromosome MAF® Subjects

SNP candidale gene(s) position Subset Allele?  Conlrol Case Control Case OR (95% CI) Pirend

1s7086803 VTiiA 10g25.2 GWAS G/A 0.26 0.32 4,492 5,457 1.32 (1.24-1.41) 5.04 x 10-17
Replication G/A 0.27 0.31 2,887 1,085 1.23(1.10-1.37) 3.36x 104
Combined G/A 0.27 0.31 7,379 6,542 1.28 (1.21-1.35) 3.54 x 10718

1s9387478 ROS1, DCBLDI 6g22.2 GWAS C/A 0.50 0.46 4,542 5,610 0.85 (0.81-0.90) 7.79% 1078
Replication C/A 0.49 0.47 2,891 1,091 0.92 (0.83-1.01) 0.088
Combined C/A 0.50 0.46 /7,433 6,601 0.85 (0.81-0.90) 4,14 x 1010

rs2395185¢ HLA class Il region 6p21.32 GWAS G/T 0.35 0.38 4,541 5,504 1.16 (1.09-1.23) 2.60x10°®

(rs28366298) Replication AC 0.37 0.42 2,880 1,008 1.20 (1.08-1.33) 7.93 x 104
Combined Mela /7,421 6,012 1.17(1.11-1.23) 9.51 x 102

aMinor allele listed second. "Minor allele frequency. “For the HLA class 11 region, because a TaqMan assay could not be designed for 152395185, we instead genotyped rs28366298, its perfect
surrogate (/2 = 1.0), by TaqMan, The reported P value is based on meta-analysis of the rs2395185 results in the GWAS and the rs28366298 results in the TagMan set.
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SNPS=Single Nucleotide Polymorphisms \@
AZEEAHITY

Collins et al., Nature, 2003
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