Molecular targets predictions for chemicals.

We will here provide more details on the chemicals selected in the main text and their potential molecular targets –known or novel- suggested by our method.

We used the 15 proteins associated to DEHP in CTD to query the network by our neighbor protein procedure approach (see Material and Methods). A complex of proteins was identified with a confidence score (cscore) of 26.56. For DEHP among the six highly ranked predicted proteins, adrenocorticotropin (POMC) is a new potential target. This prediction is supported by Supornislchai et al [1] which have demonstrated that exposure of male rats to DEHP leads to an age-dependant activation of POMC based on in vivo and in vitro experimental data. From translational perspectives, their finding may have implications for humans being and in particular for newborns and children who may be more sensitive to environmental levels of DEHP than adults. Studies show that neonates are often more receptive than adults to the toxic effects of chemicals [2] and younger rats studies confirmed that they are more sensitive than adults to DEHP exposure [3].  POMC is a target known to be associated with Cushing syndrome (hormonal disorder caused by prolonged exposure of the body´s tissues to high level of hormone e.g. cortisol). People with Cushing syndrome have tendency to develop tumors of one or more endocrine glands. POMC is also link for example to ACTH syndrome (complex syndrome due to adrenocorticotrophic hormone, ATCH, production by non-pituitary neoplasms e.g. lung cancer). Another potential target shown for DEHP is the cytochrome P450 3A11 (CYP3A11). This association is supported by Fan et al [4] where their studies demonstrate that DEHP increased CYP3A11 in mice. CYP3A11 is a protein involved in the metabolism of xenobiotics and thus maybe involved in the transformation of DEHP to its mono metabolite MEHP, which is known to be toxic.
Regarding TCDD, a complex of proteins was identified with a cscore of 103.85. Among the most significant proteins predicted, six high ranked proteins are not referred in the CTD input dataset as TCDD targets. Five of these six new potential targets are supported by literature, which supported the high quality of the network. A study showed an association between PRKCE, protein kinase C elipson, and TCDD [5]. TCDD binds to the aryl hydrocarbon receptor (AHR), which affects the localization of PRKCE protein. This finding may contribute to our understanding of the mechanism of TCDD-related neurotoxicity, and thereby improving the health risk assessment of neurotoxic compounds in humans. PRKCE is a protein known to be involved in primary CNS tumors, astrocytoma, and brain tumors. The second potential associated target to TCDD is POMC. Studies have shown that TCDD results in increased expression of POMC mRNA on mouse [6] and rat [7]. Another predicted target, CPT1A, which is the carnitine palmitoyltransferase 1A, is supported by gene expressions analyses. TCDD results in increased expression of CPT1A mRNA in rat.  CPT1A is involved in hypoglycemia and obesity. The next target predicted to be associated with TCDD is MPV, major vault protein. This protein is a lung resistance related protein which mediated drug resistance, involved in leukemia. No support from literature has been found. Boverhoh et al [8] shown in one study that TCDD results in decreased expression of HSD11B1 mRNA, hydroxysteroid dehydrogenase.  HSD11B1 is linked to obesity, cushing and ach syndromes and metabolic disorders. The last target prediction is APOB, apolipoprotein B. TCDD has been shown in decreased expression of APOB mRNA in Japanese fish [9]. APOB is known to be involved in hypercholesterolemia and obesity.

For the drug pirinixic acid (PA), a complex of proteins was identified with a cscore of 12.59. Among then, five high ranked proteins, not referred in the CTD input dataset as PA targets are supported by literature. A recent study from 2008 on hepatic gene expression in mice shown that PA results in increased expression of ADRA1A mRNA, ADRA2A mRNA, which are adrenergic, alpha-1A/2A-receptors; of ALDH3A2, aldehyde dehydrogenase 3 family; and of CST3, cysteine proteinase inhibitor [10]. Attention-deficit and hyperactivity disorder have been link to ADRA1A and ADRA2A proteins. A patent application (WO/2003/075911) suggested the use of PA as a medicament for treatment of proliferative vascular disease e.g. atherosclerosis or hypertension. Regarding ALDH3, this protein is involved in breast cancer metastatic and hepatocellular carcinoma. Despite low cpscores, potential association between PA and these genes are supported by literature. Another predicted target, the C3 protein is an acylation stimulating protein. Amacher et al. show that PA affects the expression of C3 protein in rat [11]. C3 is a protein involved in necrosis and afibrinogenemia (blood disorders).

For the last chemical studied, the permethrin, a complex of proteins was identified with cscore of 28.51. Among then, three high ranked proteins, not referred in the CTD input dataset as permethrin targets are supported by literature. The potential association between permethrin and CYP2B1, a cytochrome P450, have been mentioned in several rat studies showing that that permethrin increase expression of CYP2B1 mRNA [12-13].  CYP2B1 is a protein involved in the metabolism of hormone like chemical e.g. testosterone and androstenedione. SHBG, sex hormone-binding globulin, is predicted to be associated with permethrin. A study supports this association indicating that a novel class of non-steroidal compounds, the pyrethroids (e.g. permethrin), can interact competitively with human androgen receptors and SHBG. These findings provide a mechanism by which chronic exposure of humans or animals to pesticides containing these compounds may result in disturbances in endocrine effects relating to androgen action [14]. SHBG is a protein involved in polycystic ovary syndrome, hyperandrogenism and endocrine effects. CYP2B6 is a predicted potential target for permethrin but is not supported by literature. Another protein predicted is NRI13, a nuclear receptor subfamily 1. Permethrin has been shown to increase expression of NRI13mRNA on house mouse study [15]. NRI13 is known to be link to hyperparathyroidism and diverse syndromes associated to thyroid.
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