Mining the P-PAN for chemicals associated with diseases

We will here provide more details on the few selected clusters. The cluster highly enriched for breast cancer, contains 462 genes, which are associated to steroid binding (GO molecular function) and DNA replication (GO biological process). Among the chemicals potentially associated to breast cancer, estradiol is the most significantly associated chemical. Interestingly, patients with a past history of breast cancer are not recommended to use estradiol or estrone as estrogen supplementation due to DNA-damaging effects of estrogens [1]. The second highest associated chemical is bisphenol A. Animal studies on low dose exposure of bisphenol A, a chemical used in production of polycarbonate plastic with low acute toxicity, show changes in breast tissue that predispose cells to hormones and carcinogens [2-3]. A third chemical, genistein, a soy product, phyto-estrogen, is known from literature to act as both an estrogen and an antiproliferative agent [4]. A recent study demonstrates that genistein could contribute to some specific forms of breast cancer, by stimulating growth of human breast cancer cells in a postmenopausal animal model, with low plasma estradiol concentrations [5]. As a last example of a highly associated chemical to the breast cancer disease we will mention fluvestrant. Fluvestrant is a drug used in hormonal therapy for the treatment of breast cancer in women who have had their change of life (menopause). All these significantly associated chemicals to breast cancer are already known from the literature, thus supporting the clustering quality of the P-PAN.

The cluster enriched for lung cancer contains 59 genes and is involved in glutathione transferase (GST) activity according to GO molecular function enrichment. The link between GST activity and lung cancer is already known [6]. Styrene, a suspected chemical linked to cancer diseases, is associated to the cluster. Styrene is the precursor of polystyrene, an important synthetic materiel. It is classified as a possible human carcinogen by the International Agency for Research on Cancer (IARC) (Styrene. Occupational Safety and Health Administration: www.osha.gov). The U.S. Environmental Protection Agency (EPA) does not have a cancer classification for styrene, but is evaluating its potential carcinogenicity. The EPA has described styrene as "a suspected carcinogen" and "a suspected toxin to the gastrointestinal, kidney, and respiratory systems making the link to lung cancer, among others. A study shows a possible but very low lung tumorigenic risk of styrene from daily intake via food and ambient air [7]. The last cluster analyzed is associated to necrosis and seems to be enriched in caspase activity (GO molecular function) and regulation of apoptose (GO biological process). It is known that caspases are cysteine proteases which play essential roles in apoptosis, necrosis and inflammation. Regarding chemicals associated to this cluster, realgar is the most significantly associated chemical. Realgar, an arsenic sulfide mineral very poisonous has been used for firework manufacturers. It has been shown in one study to induce apoptosis and necrosis in human leukemia cell lines [8]. The third most significantly associated chemical is doxorubicin, which is a drug widely used in cancer chemotherapy. Our approach, i.e. the proposed method based on P-PAN, shows its capability of recovering known chemical-disease associations as well as suggesting interesting links between chemical and disease.
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