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Abstract

The present paper is an update of the data on the effects of diseases and environmental factors on

the expression and/or activity of human cytochrome P450 (CYP) enzymes and transporters. The

data are presented in tabular form (Tables 1 and 2) and are a continuation of previously published

summaries on the effects of drugs and other chemicals on CYP enzymes. The collected

information presented here is as stated by the cited author(s), and in cases when several references

are cited the latest published information is included. Inconsistent results and conclusions obtained

by different authors are highlighted, followed by discussion of the major findings. The searchable

database is available as an Excel file, for information about file availability contact the

corresponding author.
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Introduction

Cytochrome P450 (CYP) enzymes catalyze a number of metabolic reactions that have

profound effects on the biological activities (therapeutic and/or toxic) of xenobiotics,

including drugs, and the significance of the human enzymes for drug metabolism has been

reviewed before [1-3] and updated in the “Update Information on Drug Metabolism Systems

—2009, Part I” [4]. The roles of the transporters which, depending on the site of expression,

may enhance or limit absorption or excretion of drugs/chemicals from an organ or tissue and

have additional effects on the biological activities of drugs/xenobiotics, are reviewed

elsewhere [5,6] and updated in Part I [4]. In addition to a great number of xenobiotics

influencing the activity and/or expression of the CYP enzymes and transporters, the effects

of diseases and environmental factors are also of interest. These factors can have profound
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effects on the activity and expression and therefore also the final biological activity, efficacy

and safety of drugs and other chemicals (Tables 1 and 2). A great number of examples from

the literature show that the final effect of a drug/chemical on an organism, whether

pharmacological and/or toxicological, depends on regulation of expression and the activity

of CYP enzymes and transporters. When these properties are changed by illness or

environmental factors, a significant change (e.g. of therapeutic outcome of a drug) might

occur. This is of particular interest when diseases such are cancer are considered.

The present summary provides the reader a collection of information on the effects of major

disease and environmental factors on function of CYP enzymes and transporters considering

also the effects on therapeutic treatment or human health.

Tabular presentation

Data are presented in Tables 1 and 2 and formatted in columns 1 - 9: 1. CYP/
Transporter; 2. Category; 3. Subcategory; 4. Effectors; 5. Model used; 6.

Method; 7. Effect on particular enzyme or transporter; 8. Remarks about effects

when stated by the cited authors to additionally characterize the effects. 9.

References. The data are sorted by Column 1 (Enzymes/Transporters), Column 3

(Subcategory), and Column 4 (Effectors) for an easier approach to the

information presented. The tabulated data were obtained either in vivo (clinical

experiments) or in vitro using various models including clinical tissue samples, cell

cultures, microsomes, and recombinant systems. References to the Tables 1 and 2

are listed separately at the end of Table 2 and, in addition, PubMed ID numbers

(when available) are included to facilitate the ease of location of cited papers.

It is important to emphasize that in some cases the results depend upon the model and/or

method used for investigation and contradictory or insufficient results might have been

obtained [7]. Such results are designated in the Tables (bold-face font) as inconsistent
results reported. When effects might influence clinical drug effects, they are designated as

having clinically significant pharmacokinetic drug-drug interaction potential. Of the

effectors presented in Tables 1 and 2, a great number belong to the effects of cancers on the

expression/activity of both transporters and CYP enzymes. Particularly intriguing is

interpretation of the results such as “increase” or “decrease” of expression of a particular

enzyme/transporter. This is because of the lack of exact limits, diversity of ways of

presenting results, and the large numbers of results obtained using immunohistochemistry or

immunoblotting which are not always expressed quantitatively and thus making the results

difficult to compare with those obtained by other methods. Standardized detection and

quantification techniques and methods, e.g. real-time PCR (RT-PCR), can provide more

reliable comparisons of experimental results with therapy. In this respect it has been

suggested that of the techniques used to analyze drug transporters, flow cytometry is

preferred to immunoblots, mRNA blots, and immunocytochemical assays. The use of

functional flow cytometric tests (assessing modulator-induced changes in fluorophore

retention and/or efflux) has been promoted because these allow evaluation of a protein

activity, in contrast to immunochemical or molecular tests [8]. E.g. with P-gp functional

analysis is preferred when testing effects of cancers as a more sensitive predictor of
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chemoresistance than P-gp expression [9]. This approach should be considered regarding the

effects of inflammation and of environmental factors. Detailed analysis of tumor types and

expression of CYP enzymes and transporters has identified a variety of tumors with the

same pharmacological profile. It was therefore suggested that the anatomical independence

of drug pathways promotes efforts to move away from traditional approaches in the

selection of cancer therapy (10).

As presented in Tables 1 and 2 (columns Effects and Remarks) experimental results show

that in a number of cases inconsistent results and conclusions have been obtained for the

same effectors using different methods and/or models, making it difficult to reach

conclusions on the effects of, e.g., tumors and effectors on both CYP and transporter

expression and activity. However, some results could link causality with changes of gene

expression. For instance, the increases in mRNA and protein expression of glucose

transporters (GLUT) were suggested as markers of the aggressive biologic potential of

tumors (associated with poor survival of patients). It was suggested that inhibition of up-

regulation of these transporters might be a promising tool that would be beneficial in cancer

prognosis and therapy. Similarly, increases in expression levels of CYP1B1 and CYP2J2 in

tumor cells and tissues (these enzymes otherwise not present or present at very low levels in

normal tissues) have been suggested as tumor markers in the diagnosis and prognosis of

different malignancies. Although in some cases inconsistent results have been obtained,

overexpression and increased functional activity of transporters such as MRPs (in particular

MRP1, MRP2, and MRP3), P-gp (MDR1), LRP, and BCRP1 in tumors have been suggested

as predictors and to participate in acquired multidrug resistance in vivo. On the other hand,

enhanced or lowered expression and/or activity of CYP enzymes in some diseases could

result in clinically significant drug interaction potential, resulting in unfavorable clinical

outcome or increased drug/chemical toxicity. Some examples include increased expression

of CYP2E1 in alcoholic healthy subjects and decreased enzyme expression in alcoholic liver

disease (ALD), increased CYP2E1 expression in livers of transplant patients, high

expression of CYP3A4 enzyme in lymphoid carcinoma (proposed as a useful predictor of

poor response to the standard peripheral type lung cancer (PTLC) chemotherapy), and high

expression of CYP3A enzymes in osteosarcomas (suggested as a predictor of metastasis and

poor prognosis). For detailed comments related to these and other examples refer to the

information in Tables 1 and 2 and the references, and for the levels of the CYP enzymes

present in different human tissues the readers should consult the results reported elsewhere

[11].

In additions to the effectors reported in Table I and Table II there a number of others that

might have additional effects on clinical or toxicological outcome influencing the level or

the activity of one or more enzymes or transporters. Such effectors are the genetic

polymorphism of CYP enzymes and transporters, as well as the effects of drugs/xenobiotics

by themselves. The influence of such effectors are not the focus of the present paper, they

were reviewed elsewhere [1,2,12]. For instance, some consistent evidence for association

between CYP polymorphisms and lung, head and neck, and liver cancers has been reported.

Controversial findings suggest that colorectal and prostate cancers may be associated with

CYP polymorphisms, whereas no evidence for relevant associations with breast or bladder
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cancers has been reported. A summary of the available information related to the association

of CYP polymorphisms has been reported [12] with leukemia, lymphomas and diverse types

of cancer that were investigated only for some CYP genes, including brain, esophagus,

stomach, pancreas, pituitary, cervical epithelium, melanoma, ovarian, kidney, anal, and

vulval cancers.

The influence of the drugs themselves can be illustrated by the effect of placitaxel on human

colorectal cancer cells (Caco-2). The cells (which are sensititive) were exposed to increasing

concentrations of the drug (0-250 nM) during the course of one year, in order to select

placitaxel-resistant cells. Subsequently, the sensitivity to placitaxel and the extents of

expression of CYP2C8, CYP3A4, and CYP3A5 genes in the original and resistant cells were

compared. The results showed that resistant cancer cells displayed a 246-fold increased

lethal dose (LD50) to placitaxel compared with the original cancer cells. In addition, a 4.4-

fold enhancement of CYP2C8 expression and a 5.6-fold increase of multidrug resistance

(MDR)1 expression was observed in resistant cells exposed to placitaxel. When placitaxel

was removed from the culture medium, CYP2C8 (but not MDR1) expression, reverted to

basal levels and the resistance to placitaxel decreased 3.2-fold. No major changes in the

expression levels of CYP3A4 and CYP3A5 were observed. It was concluded that Caco-2

cells are capable of increasing the expression levels of CYP2C8 as a response to long-term

exposure to placitaxel. This study provides evidence for a mechanism of acquired resistance

to anticancer therapy based on the induction of anticancer-metabolizing enzymes [13]. It is

noteworthy to mention that placitaxel has been reported as a selective substrate of CYP2C8

and also CYP3A4, and both enzymes are present in non-tumoral and tumoral tissue samples

(thus inactivating the drug). In addition, the enzyme activities when induced or inhibited

either in GI tract or in liver might have clinically significant effects on pharmacokinetic

properties of the drug (Table 1) (2,13,14).
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