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BMI Body Mass Index

CAR Congtitutive Androstane Receptor
CY P Cytochrome P450

DME Drug Metabolizing Enzyme

EH Epoxyde Hydrolase

FXR Farnesoid X-activated Receptor

GR Glucocorticoid Receptor

GST Glutathion S Transferase

MEF2A Myocyte Enhancer Factor-2

LXR Liver X Receptor

NAT N Acetyl Transferase

PBMC Peripheral Blood Mononuclear Cell
PPAR Peroxisome Proliferator-Activated Receptor
PXR Pregnane X Receptor

ST Sulfo Transferase

TCF7 Transcription Factor 7

TF Transcription factor

VDR Vitamin D Receptor
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Abstract

We aimed to measure simultaneously in healthy subjects lymphocytes the expression of drug
metabolizing enzymes (DME) and transcription factors (TF) with high importance in
cardiovascular physiopathology. RNA was isolated from peripheral blood mononuclear cells
(PBMC) of twenty subjects from the Stanislas Cohort. We used a microarray approach to
measure sixteen DME and thirteen TF. Cytochromes P450 including CYP2C19, CY P2C9,
CYP2J2, CYP2D6, CYP1Al, CYP4F2, CYP4A1l, CYP2E1l, CYP11B2, CYP2C18 and
CYP2AG6 were expressed in all subjects. CYP3A4 and CYP3A5 were not expressed. GST
were expressed but GSTM1 only in some subjects. PXR, MEF2A, VDR, LXRa, AHR, TCF7,
CAR and ARNT were expressed in the mgjority of the subjects. GR, PPARYy, and LXRj, were
expressed only in some individuals. PPARoc MRNA was found in one subject only and FXR
was not expressed. In addition, we found significant correlations between the expression of
AHR, ARNT and CYP1A1 and between PXR and CY P involved in leukotrienes metabolism
(CYP2C, CYP4AR2, CYP4A11, CYP2J2 and CYP11B2). We describe here for the first time
the presence of the majority of TF and DME in PBMC of hedthy subjects without prior
induction. The expression of these genes in lymphocytes could be a useful tool for further
studying the physiologica and pathological variations of DME and TF related to

environment, to drug intake and to cardiovascular metabolic cycles.
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Introduction

Drug metabolizing enzymes (DME) and Cytochromes P450 (CYP) in particular, are central
players in cardiovascular health and disease (Elbekai and El-Kadi, 2006). DME are important
in the follow up of cardiovascular drugs since many drugs are metabolised by them. These
enzymes are aso involved in the metabolism of natural substrates (such as leukotrienes,
steroids and bile acids) that are in their turn implicated in several cardiovascular related
pathways including inflammation, lipid metabolism and blood pressure regulation. In
addition, many environmental factors (tobacco, polycyclic hydrocarbons and dioxins, alcohol
and nutrients) are modulating their patterns of expression and expression of several of these
genes is under control of transcription factors (TF) such as the Pregnane X Receptor (PXR),
the Constitutive Androstane Receptor (CAR), the Glucocorticoid Receptor (GR) or the Aryl
Hydrocarbon Receptor (AHR). Finally, some polymorphisms in genes coding for these DME
are well known to influence the level of expression with clinica and pharmacological
relevances.

Some DME, including glutathione S-transferases (GST), N-acetyltransferases (NAT) and
sulfotransferases (ST) are soluble enzymes measurable as phenotypes in the plasma
However, the mgjority is mainly localized in the endoplasmic reticulum and is rarely excreted
or found in the plasma. That is one of the reasons we looked for the expression of DME in an
easily accessible type of cells: the peripheral blood mononuclear cells (PBMC). The second
reason is the involvement of lymphocytes in cardiovascular events, i. e. through
inflammation. Lymphocytes could be a useful target and tool for investigating relationships
between DME, inflammation and other metabolic pathways related to cardiovascular
physiopathology. In addition, the mechanisms of inflammation and immune defences are

regulated by the same transcription factors.
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During the last ten years, a large number of CYP has been studied in PBMC of healthy
subjects including CYP1A1, CYP1A2, CYP1B1, CYP2A6, CYP2B6, CYP2C8, CYP2C9,
CYP2C19, CYP2D6, CYP2EL, CYP2J32, CYP3A3, CYP3A4, CYP3AS5, CYP3A7, CYP4A1l,
CYP4B1 and CYPAF. Epoxyde hydrolase (EH), GST, NAT and ST have been also described
(Raucy et a., 1997; Baron et al., 1998; Dassi €t al., 1998; Spencer e al., 1999; Starkel et al.,
1999; Takeda et al., 1999; Boucher et al., 2000; Krovat et al., 2000; Nakamoto et al., 2000,
Nguyen et al., 2000; Smart and Daly, 2000; Finnstrom et a., 2001; Hannon-Fletcher et al.,
2001; Asghar et a., 2002; Finnstrom et al., 2002; Carcillo et al., 2003; Gashaw et al., 2003;
Landi et al., 2003; Lin et al., 2003; Toide et a., 2003; Tuominen et al., 2003; Furukawaet al.,
2004; Lampe €t a., 2004; Yamamoto et al., 2004; Haas et al., 2005; Landi et al., 2005;
Liangpunsakul et al., 2005; Miura et al., 2006). However, study of the expression of both
DME and FT are rarely conducted at the same time. The existing work in the field examined
preferentially CYP1A1, AHR and the Aryl Hydrocarbon Receptor Nuclear Translocator

(ARNT) (Smart and Daly, 2000; Landi et a., 2003; Lin et a., 2003; Y amamoto et al., 2004).

The global objectives of this investigation are to propose useful biomarkers easily measurable
without any activation on a large scale i.e. during clinical trials. The main objective consisted
in investigating patterns of expression of DME together with their related TF in PBMC, atype
of cells easily accessible and closely related to inflammation. Before studying these genesin
pathological states or in patients undergoing treatment, looking for them in healthy subjectsis
an obligatory step. Therefore, we studied the simultaneous expression of an important number
of DME and TF RNA in lymphocytes (without prior induction) of twenty supposed healthy
subjects. Finally, we have been reviewing the papers which described expression of DME and
TF in PBMC of healthy subjects and we discussed the biological variation factors found in

these papers.
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Methods

Population

Twenty supposed healthy individuals, eleven males and nine females, from the Stanislas
Cohort were chosen for measurement of PBMC gene expression by an in house micro-array
assay (Visvikis-Siest et a., 2007). The investigation conforms to the principles outlined in the
Declaration of Helsinki. Individuals were of French origin and exempt of any acute or chronic
diseases. Some of them have slight cardiovascular risk (i. e. obesity and hypertension).
Specific exclusion criteria were medication; except contraceptives; current smoking and

heavy alcohol consumption. Characteristics are shown in Tablel.

PBM C collection

The PBM C bank was constituted according to a well validated protocol, with a high recovery
in lymphocytes (97%). Briefly, fresh whole blood (10 ml) was collected from 8 am. to 10
am. by standardized venipuncture in EDTA tubes (Vacutainer™: Becton Dickinson) during a
period of 5 months (November to March). PBMC were isolated by centrifugation on a density
gradient of Ficoll (Ficoll-Paque™ PLUS; Amersham). Percentages of lymphocytes,
monocytes and polynuclear cells were determined in some samples by microscopic
observation after May—Grunwald-Giemsa staining. PBMC were stored at -80°C until RNA

extraction. RNA quality and stability were carefully tested (Marteau et al., 2005).

Microarray design

An in-house microarray was designed as previously described (Visvikis-Siest et al., 2007).
Briefly, we have selected numerous genes including 16 DME and 13 TF. In addition, we
included a non-human RNA (Arabidopsis thaliana) to test unspecificity. Oligonucleotides

were selected from MWG database and the chip was manufactured by MWG Biotech AG.
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RNA was extracted by an automated isolation procedure (MagNA Pure LC instrument).
Concentration and quality were determined by the spectrophotometer NanoDrop ND-1000
(Labtech International). RNA was amplified using the Amino allyl MessageAmp™ 11 aRNA
Amplification Kit (Ambion) and a T7-(dT),4 primer. The double-strand cDNA obtained was
transcribed in amplified RNA using 5-(3-aminoallyl)-UTP (Ambion). The RNA yield ranged
from 1.3 to 8 pg. RNA samples were labeled with fluorochrome Cy3 and a reference RNA
(Universal Human Reference RNA, Stratagene) was labelled with fluorochrome Cy5. The
labeled RNA sample and the corresponding quantity of labeled reference RNA were pre-
hybridized on each slide in 5% bovine serum albumin. Cy3- and Cy5-labeled RNA were co-
hybridized to the micro array at 50°C for one night. Slides were scanned using an Axon

GenePix 4000B scanner and GenePix version 6 software (Axon Instruments).

Data normalization and analysis

Normalization and analysis were assessed using Genespring v6.1 software (Silicon Genetics,
Agilent). The ratio of Cy3 intensity on Cy3 background noise was calculated for each spot.
Then, to evaluate the expression or the non expression, we used a Student t test (p<0.01). If
the mean of ratios for a given RNA (2 spots per slide) is not significantly different from the
mean of ratios for Arabidopsis thaliana RNA (8 spots per slide), the gene was considered as
non-detectable. Spearman’s correlation coefficients were calculated to look for potential
relationship between gene expression, age and Body Mass Index (BMI). Mann-Whitney test

was used to identify significant difference between men and women for the gene expression.

Validation of microarray results (Visvikis-Siest et al., 2007)

This chip was used to study expression of other genes such as genes involved in the two

principal biological pathways related to leukocytes: inflammation and cellular adhesion.
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Validation of the results obtained with this chip was performed by quantitative real time PCR

on 4 genes expressed in a significant number of individuals: ICAM1, TNFa, SELL and IL6.
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Results

Expression of DME genes (Fig. 1)

All the subjects expressed CYP2C19, 2C9, 232, 2D6, 1A1, 4F2, 4A11, 11B2 and GSTPL. In
addition, CYP2EL, 2C18, 2A6 and GSTT1 were expressed in 19, 18, 19 and 17 subjects
respectively. Concerning CYP3A4 and CYP3AS5, they were not measurable here. GSTM1
was expressed in only 4 individuals.

The variability is important (coefficients of variation shown in Figure 1). We obtained no
difference depending on gender, age or BMI. We observed no variation due to the time of the

day or the day or month of collection (data not shown).

Expression of TF genes (Fig. 2)

Among thirteen TF, twelve were found in PBMC. PXR, CAR, Liver X Receptor (LXR)-a,
AHR, ARNT, Vitamin D Receptor (VDR), Transcription Factor 7 (TCF7) and Myocyte
Enhancer Factor-2 (MEF2A) were expressed in the mgjority of subjects. Peroxisome
Proliferator-Activated Receptor (PPAR)-y, LXRpB and GR were expressed in some subjects,
PPARu« in oneindividual and Farnesoid X-activated Receptor (FXR) was not detected.

The variability is also high (coefficients of variation shown in Figure 2). No trends of age, sex

and BMI were observed which could have explained part of this variability (data not shown).

Association of TF and DME

We found results of interest as concern CY P involved in inflammation and blood pressure
regulation. There is a significant correlation between the expression of PXR and the CYP2C
(p<0.0001, Fig. 3). The CYP2C were aso correlated with LXRa (p<0.001) and LXRf

(p<0.07 except CYP2C9) and with CAR (p<0.001) but not with GR (data not shown).
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Like the two other CYP involved in leukotrienes metabolism, namely 2C19 and 2C9,
CYP4F2 (leukotriene 34 omega hydroxylase), CYP4A11 (fatty acid omega hydroxylase) and
CYP2J2 (epoxygenase active on eicosanoids) were correlated with PXR. In addition,
CYP11B2 (aldosterone synthase) was also correlated with PXR (p<0.0005, Fig. 4).

Finally, we found also a significant correlation between ARNT and AHR (p<0.0001), ARNT

and CYP1A1 (p<0.006) and a trend between AHR and CYP1A1 (p=0.022, Fig. 5).

Validation of microarray results
The quantitative real time PCR results were in agreement with those observed by microarray

analysis (Visvikis-Siest et a., 2007).
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Discussion

CYP and GST expression in PBM C of healthy subjects

The choice of the DME was based on their importance in cardiovascular drugs
pharmacogenetics (CYP2D6, 2C19, 2C9, 3A4, 3A5, 2C8), their environmental interest
(CYP2EL, 1A1, 2A6, GST) and their possible involvement in hypertension or vascular
regulation via endogenous metabolites (CYP2C, 4F2, 212, 4A11, 11B2).

We measured simultaneously eleven CY P and three GST mRNA in lymphocytes without any
prior induction or cell culture. Most of the genes are expressed in each individual, contrary to
what was observed in other studies (Asghar et a., 2002; Haas et al., 2005). GSTM1 is only
expressed in four subjects. This is not surprising since the complete gene is only present in
50% of the Caucasians.

We report here for the first time, the expression of CYP2C18, CYP2J2 and CYP4F2 in
lymphocytes of healthy subjects. In addition, we also found CYP2A6 in contrast to previous
studies (Koskela et al., 1999; Krovat et a., 2000). As for the lack of expression of CYP3A4
and CYP3AS5 in our subjects, these findings are not in agreement with other previously
reported (Nakamoto et al., 2000; Finnstrom et al., 2001; Gashaw et a., 2003). Krovat et al,
who were not able to detect CYP3AS5 and whose detection of CY P3A4 was near the detection
limit of the assay, proposed as an explanation the preferential localisation of CYP3A in B

cells which constitute only a small part of total lymphocytes (Krovat et a., 2000).

TF and CYP expression in PBM C of healthy subjects
To our knowledge, this is the first time that such an important number of DME and TF is
simultaneously studied. We have found a large panel of TFin PBMC. Only few authors have

been interested in measuring TF expression in PBMC of heathy subjects (Table I1). In
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addition, study of the expression of both CYP and FT are rarely conducted at the same time.
AHR pathway is associated with induction of CYP1A1, 1A2 and 1B1 (Gueguen et al., 2006).
Four authors have looked for the TF regulating CYP1A1 expression: Lin et a (Lin et al.,
2003) (AHR), Smart and Daly (Smart and Daly, 2000), Landi et al (Landi et a., 2003) (AHR,
ARNT) and Yamamoto et al (Yamamoto et al., 2004) (AHR, ARNT and AHR repressor).
Expression of RAR and RXR has been described in healthy subjects PBMC but only
gualitatively (Szabova et al., 2003). No one has looked in healthy lymphocytes for the three
other transcriptional activation mechanisms involved in CYP regulation: CAR-RXR, PXR-
RXR and PPARa-RXR. It is generally admitted that PXR regulates CY P2B6, 2C8, 2C9, 3A4,
3A7, GST, ST, UGT1A1 and ABCB1, mainly in the liver (Gueguen et al., 2006) while CAR
modulates CY P2B6, 2C9, 2C19.

CYP are often regulated simultaneously by two or more mechanisms (Miao et a., 2004)
including VDR and GR (Pascussi et al., 2003). The different TF influence mutually their
relative expression. CAR and PXR are regulated, at least in part, by the GR and a signal
transduction cascade GR-[CAR-PXR]-CYP exist at least for CYP3A4 and CY P2C9 (Dvorak
et a., 2003) and maybe CYP2C19 (Chen et al., 2003). In addition, VDR probably regulates
CYP3A4, CYP2C9 and CYP2B6 (Drocourt et a., 2002). Only limited information is
available on the regulation of CYP3A5 expression but it appears to be inducible via the GR,
PXR and CAR, as for CYP3A4 (Day, 2006) and CYP2C9 (Kirchheiner, 2004). CYP2C8
expression is regulated by CAR, PXR, GR ad HNF4a in the liver (Ferguson et al., 2005).
Finally, constitutive hepatic expression of CYP2A6 is governed by interplay between the
transcription factors HNF4o, CEBPo, CEBP and OCT1 (Pitarque et al., 2005).

It is also possible to describe activation through the antioxidant response element which could
cross-talk with the xenobiotic response elements (Miao et al., 2004). CAR could in addition

be regulated by activation through phosphorylation which permits its translocation in the
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nucleus (Sueyoshi and Negishi, 2001). Finally, regulation could also be mediated through
MRNA or protein stabilisation (CYP2EL). These mechanisms are mainly studied in the liver
(Sueyoshi and Negishi, 2001; Pascussi et al., 2003; Miao et al., 2004; Handschin and Meyer,

2005).

Choice of thePBMC asatool for measuring DME and TF

As previously mentioned, a large number of CYP has been described in PBMC of healthy
subjects (Table Il). Gene€'s expression in lymphocytes is not aways representative of
expression in other tissues. However, considering that they are involved in cardiovascular
related diseases, mainly through the inflammation pathway, lymphocytes expression could be
used to evaluate modification of expression observed with this system. In addition, gene's
expression in lymphocytes stay a good biomarker to evaluate CYP and transcription factors
phenotypes and thus to monitor for example, exposure to, and risk associated with,
xenobiotics. We would like to mention here the work of Wibaut-Berlaimont and collaborators
(Wibaut-Berlaimont et al., 2005). Using an Affymetrix chip, they described the significant
regulation of 240 genes (among 12650 genes) in PBMC of dyslipidemic patients after
atorvastatin treatment. Unfortunately, neither CYP nor TF that we studied here appear among
the regulated genes.

PBMC are easily accessible cells. They could be a great tool to investigate biomarkers in
large population studies if only a small quantity of blood is taken from the patient (we
recommend 5 to 10 ml). Quantities of blood taken are often too high (Table Il), the main
reason being the need of enough material for measuring protein levels of DME in microsomes
after ultracentrifugation (Raucy et al., 1997; Baron et al., 1998; Hannon-Fletcher et al., 2001)
or after lymphocytes cultures (Spencer et al., 1999; Smart and Daly, 2000; Landi et al., 2003;

Linet al., 2003).
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We consider that the choice of PBMC is a good one, since CYP are being largely represented
in lymphocytes (Raucy et al., 1997). In PBMC we found essentialy T lymphocytes which are
the richest cells in CYP content. In addition, monocytes, even if there are contaminating
PBMC have alow CYP content. Our experimental conditions were well defined for PBMC
preparation and the lymphocytes purity obtained was very high (97 %) compared to the 70-90
% described in papers cited in Table I1. Total white blood cells (WBC) were used without any
problem by Finnstrom et al (Finnstrom et al., 2001) and buffy coat with all WBC by
Furukawa and collaborators (Furukawa et al., 2004). The heterogeneity of the cell population
is no longer an argument. It is not more heterogeneous than a liver extract which is also a
mixture of more than four different cell types. In comparison with the liver, the concentration
of CYP in PBMC is 20 to 2000 times lower creating thus some limitations. Some authors
have used cultures and inducers to increase the CYP levels but such a strategy is not
applicable to studies in large populations or to new drug trials. We show here that it is
possible to measure the mgjority of them without induction. However, we observed a high
variability in expression of these DME. This, and the very low level for CYP3A4, could be
attributed to expression in a limited number of cells (Gashaw et al., 2003). We are looking
essentially with our PBMC preparation to T lymphocytes with alow content of B (< 5%) and
monocytes (< 5%). The difficulties which should be more deeply studied are linked to the low
levels of expression and to the non-systematic expression in all subjects.

The work of Whitney et al, which also use microarray expression to study inter-individual and
temporal variations in healthy subjects, was a report stimulating the interest on studying WBC
and lymphocytes for health surveillance. However, they did not investigate CY P expression
(Whitney et al., 2003). The mgjority of the published data on CYP mRNA content in PBMC
has been obtained by using the technique of real-time PCR (Table 1), except two who used a

microarray technology (Nguyen et al., 2000; Lampe et al., 2004).
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Biological variations

Determination of reference values and biological variations in healthy individuals is an
obligatory step in the development of any candidate biomarker prior to its application in
diagnostic or in pharmacogenetic studies. In laboratory medicine, biological variations data
which are two times higher than the analytical variations could be retained. A biomarker with
high variability is of great interest in health screening and pre-pathological state studies.

The main factors affecting biological variability of clinical chemistry constituents are age,
gender, biological rhythms, BMI, alcohol, tobacco, diet, drug intake and genetic variations.
We tested the possible contribution of some factors but the biological variation observed
could not by explained by them. We should study these factors on a greater set of healthy
subjects. Finally, the mRNA profiling approaches by microarray technologies should be

confirmed by RT-PCR.

We demonstrate here that the majority of DME and TF are expressed in lymphocytes of
twenty healthy subjects. This is of importance not only for pharmacokinetic studies in drug
clinical trials but also because it gives the perspective of further studying cardiovascular
related pathways such as inflammation, blood pressure regulation and lipid metabolism by
using PBMC. These TF are involved in cholesteral (LXR), triglycerides (PPAR), bile acids
(VDR, FXR, LXR) steroids (CAR, PXR) and hilirubin (CAR, PXR) (Handschin and Meyer,
2005) metabolisms. TF aso interact with many other cardiovascular related pathways
including the cytokines ones for PPAR (Jones et al., 2002; Trifilieff et al., 2003). To
conclude, a biological system approach could be defined for a better understanding on the
relation of each TF with every CYP or other constituent candidate marker measured in

PBMC.
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Legends for figures

Figure 1: Lymphocyte drug metabolizing enzymes mRNA levels in 20 healthy subjects (CV

Coefficient of variation).

Figure 2: Lymphocyte transcription factors mRNA levels in 20 healthy subjects (CV

Coefficient of variation).

Fig. 3. Correlation between PXR and CYP2C RNA expressons in peripheral blood
mononuclear cells of healthy subjects (Expression = Cy3 intensity/Cy3 background noise).

Fig. 4: Correlation of CYP involved in blood pressure regulation and PXR expressions in
peripheral blood mononuclear cells of hedthy subjects (Expression = Cy3 intensity/Cy3
background noise).

Fig. 5: Correlation between ARNT, AHR and CYP1A1 RNA expressions in peripheral blood
mononuclear cells of healthy subjects (Expression = Cy3 intensity/Cy3 background noise).
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Tables

Table 1. Characteristics of the 20 selected individuals from the Stanislas Cohort.

BMI WBC  cholesterol HDL TG glucose GGT GTP CRP alcohol

sex age (yrs) (kg/m?)  (10*9/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (wL) (wL) (mg/L) consumption

male 43 24,40 45 5,58 1,49 0,85 4,96 17 25 0,16 o]
male 50 25,82 4,9 5,42 1,85 0,86 521 22 17 055 ++
female 48 23,30 6,5 4,50 1,96 0,60 4,96 12 15 018 o]
female 50 27,62 81 5,89 1,77 0,71 4,90 18 15 0,72 o]
female* 51 31,66 55 5,70 1,14 1,03 5,60 25 54 853 o]
male 52 34,83 59 6,50 1,70 2,06 6,04 58 29 313 +
male 52 32,23 45 5,54 1,13 2,00 6,35 41 64 198 +
female 48 31,05 7,0 5,16 117 1,93 5,17 NA 37 208 +
female 45 21,26 51 4,67 1,88 0,69 4,94 9 12 0,30 o]
male 50 30,06 56 5,45 1,30 2,17 6,30 NA 54 203 +
male 55 37,91 6,5 4,78 1,52 0,68 6,18 4 42 6,09 o]
female 46 26,70 6,5 4,82 2,12 0,86 5,16 14 16 1,40 o]
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male 46 25,24 52 5,30 197 0,58 491 17 18 0,64 +
male 52 30,23 56 5,13 1,35 1,67 6,76 19 23 059 +
male 51 23,25 56 5,86 1,98 0,70 5,26 17 23 0,70 +++
female* 50 23,05 6,0 4,93 1,43 0,54 4,85 27 18 1,01 +
female 49 37,73 83 6,10 1,22 2,89 6,09 36 31 486 +
male 52 32,20 5,6 7,10 1,53 1,43 6,69 30 28 067 ++
female 50 30,10 58 6,30 2,09 0,86 5,65 29 46 508 o]
male 55 29,14 54 5,68 1,62 1,44 5,62 9 60 051 o]

BMI Body Mass Index, WBC White Blood Cells, HDL High Density Lipoprotein, TG Triglycerides, GGT Gamma Glutamyl Transferase, GTP
Glutamate Pyruvate Transaminase, CRP C Reactive Protein.

*: taking oral contraceptives

+: acohol consumption (+ 1, ++ 2, +++ 4 glass of wine per day)

NA: not available
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Table 2. Drug metabolizing enzymes and transcription factors described in peripheral blood mononuclear cells of healthy subjects during the last

ten years.
Authors, year Cell type Blood | Number Phenotype Inducing compounds DMEand TF
Quantitie of
s (ml) healthy
subjects
(Raucy et ., 1997) | Lymphocyte | 320 22 Immunaoblot acohol CYP2E1
S (microsomes)
RT-PCR
Chlorzoxazone - clearance
(Baronetal.,, 1998) |Monocytes |- 10 RT-PCR Benzanthracene CYP1A1, 1B1, 2B6,
and culture Immunoblot Dexamethasone 2E1, 3A3/4
PNP-hydroxylase Cyclosporine
Phenobarbital
Tetradecanoyl-

Page 29 on 33

20z ‘0T |udY UO SfeuINor 13dSY e BIo'sfeuIno fipdse"puwip WoJy popeojumod

UOSIOASIU) WO JBJIP AeL UOSIOA [eul) Y L "PaIEULIO) Pue pa}ipeAdod usaq 10U sey ap e sIy L
822/T0°L0T"PWPAZZTT'OT :10d Se Z00Z ‘9T 48qoIo0 U0 paus!iand "premiod 1se4 dINd


http://dmd.aspetjournals.org/

DMD#17228

phorbol

Liposaccharide

(Dass eta., 1998) |PBMC ? 75 RT-PCR Tobacco CYP1B1
(Spencer et al., 1999) | PBMC 60 10 RT-PCR Dioxins CYPB1
and culture
(Starkel et al., 1999) | Neutrophils | 100 8 Immunoblot Rifampicin CYP3A
and 6 OH-cortisol
lymphocytes
(Takedaetal., 1999) |PBMC ? 10 RT-PCR CYP11B2
Southern-blot
(Boucher et al., PBMC ? 17 Flow cytometry Fat diet CYP2E1 protein and
2000) RT-PCR MRNA
(Krovat et al., 2000) |PBMC 40 10 RT-PCR - CYP1A1, 2D6, 2E1,
Epoxyde hydrolase,
CYP2F1 (very low)
(Nakamoto et al., Lymphocyte | 10 8 RT-PCR Rifampicine 3 CYP3A4
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2000) S weeks
(tuberculosis)

(Nguyen et a., 2000) | PBMC ? 10 DNA arrays Interferon CYP4A11, 272,
2E1,2A6, 1A1, 2B6,
4B1, 2C8, 3A, 1B1,
2C9, 2C19

(Smart and Daly, PBMC 20 30 EROD assay - CYPIAL AHR

2000) and culture Immunaoblot

(Finnstrom et al., Leucocytes | ? 13 RT-PCR - CYP2EL, 1B1, 1A2,

2001) 2E1, 3A4

(Hannon-Fletcher et | Lymphocyte | 15 8 Immunoblot (diabetes) CYP2E1

al., 2001) S (microsomes)

(Asghar et al., 2002) |PBMC 25 50 RT-PCR Rifampicin CYP2CS8, 2E1, 3A5,
3A7,4A11, 4B11,
ABCB1

(Finnstrom et al., Leucocytes |? 19 RT-PCR - CYP1A2, 1B1, 2E1,

20z ‘0T |udY UO SfeuINor 13dSY e BIo'sfeuIno fipdse"puwip WoJy popeojumod
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2002) 3A4
(Carcillo et al., 2003) | PBMC 8 9 Debrisoquine clearance |- CYP2D6
86 RT-PCR
(Gashaw et a., 2003) | Leucocytes |8 96 RT-PCR Rifampicin5days |CYP3A4
Alprazolam clearance
(Landi et a.,2003) |PBMCand |50 62/59 RT-PCR Dioxins AHR, CYP1B1, ARNT
culture EROD assay and CYP1A1 only after
cultures
(Linetal., 2003) PBMC 20 32 RT-PCR Benzanthracene CYP1A1, 1B1, AHR,
and culture Tobacco ARNT
(Toideet a., 2003) |Leucocytes |- 72 RT-PCR Dioxins CYP1B1
(Tuominen et al., PBMC 8 16 RT-PCR Formylindolocarbaz | CYP1A1, 1B1
2003) ole
(Furukawa et al., Buffy coat |10 20 RT-PCR (Cancer) CYP1A1, 1A2, 1B1,
2004) 2A6, 2B6, 2E1
(Lampeet al., 2004) |PBMC 10 85 Microarrays Tobacco CYP1B1
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(Yamamoto et al., PBMC ? 13 RT-PCR Methylcholanthrene | CYP1A1, AHR, AHR
2004) repressor gene, ARNT
(Haas et d., 2005) Lymphocyte |8 12 Caffeine, debrisoquine, Rifampicin CYP3A4, 1A2, 2D6,
S omeprazole, midazolam 2C19 (very low)
clearances
RT-PCR
(Landi et a.,2005) |PBMCand |50 62/59 RT-PCR Dioxins CYP1A1, 1B1
culture EROD assay TCDD/nitrogen
(Liangpunsakul et PBMC 25 20 RT-PCR Alcohol CYP2EL, 3A4
al., 2005)
(Miuraet al., 2006) |PBMC ? 7 RT-PCR Angiotensin |1 CYP11B2 and
culture mineralocorticoid
receptor
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FIGURE 1
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