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Polycyclic Aromatic Hydrocarbons 
(PAHs)

 PAHs are a class of organic compounds containing 3 or more 

fused benzene rings.

 Consist of carbon and hydrogen only.

 Behave as lipophilic and chemically inert compounds.

Anthracene Phenanthrene
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Exposure levels

 PAH exposure occurs on a regular basis for most people.

 Air: 5 - 200,000 ng/m3

 Cigarette smoking: 20 – 40 ng/cigarette

 Water: ~ 0.002 ppb in drinking water

 Soil: < 2,000 µg/kg near cities

 Foodstuffs: 2 – 20 µg/kg in grilled food
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Biological fate

Absorption

• Ingestion

• Inhalation

• Dermal 

contact

Distribution

• Enter the 

lymph

• Circulate in 

the blood

• Metabolized 

in the liver 

and kidney

• Accumulate 

in breast milk 

and adipose 

tissue

Metabolism

• Via CYP 

enzymes

•Primarily in the 

liver and kidney

•Also in the 

adrenal glands, 

testes, thyroid, 

lungs, skin, 

sebaceous 

glands, and 

small intestines

Excretion

• Feces

• Urine
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Pathogenic changes

 Toxicity: Carcinogenic, mutagenic, and teratogenic

 Benzo[a]pyrene (B[a]P), the first chemically identified 

carcinogen, is the most extensively studied PAH.

 Genetic Susceptibility:

 High level of CYP1A1 inducibility

 Glutathione transferase deficiencies

 Oncogene activation: the ras oncogene
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Carcinogenicity 
studies on PAHs
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Epidemiologic Evidence

 Increased incidences of skin, lung, bladder, and gastrointestinal 

cancers in PAH-exposed workers.

 The earliest human PAH-related epidemiologic study was reported in 1936 

by investigators in Japan and England who studied lung cancer mortality 

among workers in coal carbonization and gasification processes.

 Subsequent U.S. studies among coke oven workers confirmed an excess of 

lung cancer mortality, with the suggestion of excessive genitourinary 

system cancer mortality. 

 Later experimental studies showed that PAHs in soot were probably 

responsible for the increased incidence of scrotal cancer noted by 

Percival Pott among London chimney sweeps in his 1775 treatise.

 Only provide qualitative evidence because of the presence of PAH 

mixtures.
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Experimental Studies

 In vivo models

 2-year bioassay in rodents

 6-month transgenic mouse model

 Neonatal mouse model

 Enhanced 13-week bioassay

 In vitro models

 Genotoxicity or cytogenetics assays 

 Cell transformation assays
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In vivo models

 Standard approach: 2-year bioassay in rodents
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Alternative assays

 6-month transgenic mouse models:

With an activated/overexpressed oncogene or an inactivated tumor

suppressor gene → much more susceptible to carcinogens than a normal

mouse → a more rapid induction of tumorigenesis.

 Tg.AC model: Ha-ras proto-oncogene

 rasH2 model: Ha-ras proto-oncogene

 p53+/- model: p53 tumor suppressor gene

 Xpa-/- model: Xeroderma pigmentosum complementation group A gene
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 Tg.AC model

 The Tg.AC transgenic mouse has a v-Ha-ras gene with activating

mutations fused to a zeta-globin promoter.

 Dermal application of genotoxic or nongenotoxic carcinogens in Tg.AC

mice results in the production of papillomas.

 Many false positive results, few recommend its continued use.

 rasH2 model

 The rasH2 mouse contains multiple copies of the human c-Ha-ras proto-

oncogene as well as its native murine Ha-ras gene.

 The rasH2 model has a very low incidence of spontaneous tumors,

responds to both genotoxic and nongenotoxic carcinogens. In addition, it

is considered neither insensitive nor prone to false positive results.

 Most often used as a replacement for the 2-year bioassay.
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 p53+/- model

 The heterozygous p53+/- transgenic mouse contains a single functional

p53 allele in each cell, has a low spontaneous tumor incidence, and

responds primarily to genotoxic carcinogens.

 Concerned may be relatively insensitive compared to other assays.

 Xpa-/- model

 The Xpa-/- mouse has an almost complete deficiency in DNA

nucleotide excision repair, and is susceptible to genotoxic carcinogens

given dermally and orally.



 Xpa-/-/p53+/- double knockout model

 The Xpa-/- mouse is crossed with p53+/- mouse to generate the double

knockout mice Xpa-/-/p53+/-.

 A further enhance sensitivity towards genotoxic carcinogens due to

the diminished cell cycle arrest and/or reduced apoptotic response.
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Alternative assays

 Neonatal mouse model
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Alternative assays

 Enhanced 13-week bioassay
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Routes of exposure

 Skin application

 Subcutaneous injection

 Oral administration

 Intraperitoneal injection

 Inhalation

 Intrapulmonary injection

 Intratracheal administration

 Buccal pouch application

 Subcutaneous tracheal grafts 

transplantation

 Intramammilary administration

 Intracolonic instillation

 Intravaginal application

 Intrafetal injection
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Summary of reports of malignant tumors clearly induced in 

experimental animals by B[a]P

 Strong evidence

 lung and skin cancers

 Possible associations 

 laryngeal, esophageal, gastrointestinal, pancreatic, cervical, colorectal, 

prostate and bladder cancers
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In vitro models

 Traditional genotoxicity or cytogenetics assays

 Significant irrelevant positive rate, follow-up animal testing is needed to 

confirm such effects.

 Do not detect non-genotoxic carcinogens.

 Cell transformation assays (CTAs)

 The only possible in vitro alternative to animal testing for carcinogenesis 

studies.

 Can be used for both genotoxic and non-genotoxic compounds.

 Common models

 Syrian hamster embryo cells

 C3H/10T1/2 Cl 8 mouse embryo cells

 Balb/c 3T3 cells
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Cell transformation assays (CTAs)

 Transgenic human cell lines

 Human bronchial epithelial cells immortalized by SV40 large T antigen with an 
oncogenic allele of H-Ras (HBER) or c-Myc (HBEM)

 Hepatocyte-like cells derived from the differentiation of human embryonic stem 
cells (hES-Hep)



Carcinogenic PAHs listed by IARC

 Group 1 (carcinogenic)

 B[a]P

 Group 2A (probably carcinogenic)

 Cyclopenta[cd]pyrene, dibenz[a,h]anthracene and dibenzo[a,l]pyrene

 Group 2B (possibly carcinogenic)

 Benz[j]aceanthrylene, benz[a]anthracene, benzo[b]fluoranthene,

benzo[j]fluoranthene, benzo[k]fluoranthene, benzo[c]phenanthrene, chrysene,

dibenzo[a,h]pyrene, dibenzo[a,i]-pyrene, indeno[1,2,3-cd]pyrene and 5-

methylchrysene

*Group 1: carcinogenic (sufficient evidence of carcinogenicity in humans, or less than sufficient

evidence in humans and sufficient evidence in experimental animals)

Group 2A: probably carcinogenic (limited evidence in humans and sufficient evidence in

experimental animals)

Group 2B: possibly carcinogenic (limited evidence in humans and less than sufficient evidence in

experimental animals)
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Carcinogenic mechanisms

 Diol epoxide mechanism

 Mutations in proto-oncogenes (ras) and tumor-suppressor 

genes (p53)

 Radical cation mechanism

 Apurinic sites and mutations in H-ras

 Ortho-quinone formation

 Mutations in p53 tumor-suppressor gene

 Aryl hydrocarbon receptor mechanisms

 Immunological mechanisms
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Interaction of 

Virus and PAHs in 
Carcinogenesis
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Epstein-Barr Virus & PAHs
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Hepatitis B Virus & PAHs
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 Hepatitis B Virus may be the cause of up to 80% of all cases of 

hepatocellular carcinoma.

 Epidemiologic studies from Taiwan and mainland China revealed 

a significant positive correlation between PAH exposure and the 

risk of hepatocellular carcinoma.



Hepatitis B Virus & PAHs
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2000, 

Sohn et al.

The expression of HBV x protein resulted in enhanced cell 

susceptibility to cytotoxicity induced by B[a]P diol-epoxide.

2014,

Chen et al.

Hepatitis B spliced protein could promote carcinogenic 

effects of B[a]P by interacting with microsomal epoxide 

hydrolase and enhancing its hydrolysis activity.



1940s, 

Rous

The combination of cottontail rabbit papillomavirus and coal 

tar greatly increased the rate at which carcinomas 

developed.

1995,

Sizemore et al.

Normal and HPV immortalized ectocervical epithelial cells 

had different response to B[a]P.

2008,

Alam et al.
B[a]P enhanced HPV synthesis.

2012, 

Trushin et al.

High-risk HPV infection substantially increased the overall 

metabolism of B[a]P.

2013, 

Viarisio et al.

Cutaneous HPV strongly cooperates with 7,12-

dimethylbenz[a]anthracene (DMBA) in skin carcinogenesis.
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Human Papillomavirus & PAHs



Summary

 PAHs are a class of organic compounds consisting of 3 or more

fused benzene rings.

 The most significant endpoint of PAH toxicity is cancer.

 The 2-year bioassay is the standard approach to study PAH

carcinogenicity in vivo; the cell transformation assay is

regarded as its only possible in vitro alternative.

 It is suggested that no in vitro effect of PAHs on EBV-infected

lymphocytes contributes to development of oral cancers.

 HBV might promote carcinogenic effects of PAHs.

 HPV could cooperate with PAHs in carcinogenesis.
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The End.
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