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Short Communication

Activation of MAPKs influences the expression of drug-metabolizing
enzymes in primary human hepatocytes
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Abstract. We examined the effects of model activators of mitogen-activated protein kinases (MAPKs)
on basal and rifampicin-, phenobarbital- and dioxin-inducible expression of phase I and phase II
biotransformation enzymes in primary human hepatocytes. Cells were treated for 24 h with sorbitol
(SOR), anisomycin (ANT) and epidermal growth factor (EGF) in the presence or absence of induc-
ers. Thelevels of CYP1A1, CYP1A2, CYP2B6, CYP3A4, UGT1A1, UGT2B17,SULT1A1, SULT2A1,
SULT1B2, GSTA1, GSTA2 mRNAs were determined. SOR and EGF inhibited the expression of the
tested genes, while ANT had no effect. We conclude that MAPKs play important role in the tran-
scriptional regulation of drug-metabolizing enzymes.
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The expression of genes involved in xenobiotic metabolism
is regulated in particular by several xenoreceptors, i.e.
aryl hydrocarbon receptor (AhR), constitutive androstane
receptor (CAR), and pregnane X receptor (PXR). In addi-
tion, there exists crosstalk between xenoreceptors and other
nuclear receptors or transcription factors controlling signal-
ing pathways that regulate the homeostasis of endogenous
compounds (Pascussi et al. 2008; Pavek and Dvorak 2008).
However, the exact molecular mechanisms underlying the
action of xenoreceptors are not fully understood yet. There is
increasing body of evidence that phosphorylation of xenore-
ceptors, their transcriptional co-activators, co-repressors and
target genes, plays a pivotal role in their function (Henklova
et al. 2008b; Oesch-Bartlomowicz and Oesch 2008). In this
view, protein kinases are potentially the important regulators
of drug metabolism.

In the current paper, we examined the effects of mitogen-
activated protein kinases (MAPKs) activators on the basal and
inducible expression of several enzymes of phase I and phase II
of biotransformation. Anisomycin (ANI), sorbitol (SOR) and
epidermal growth factor (EGF) were used to activate p38
by genotoxic shock (Kyriakis and Avruch 1996), c-Jun-N-
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terminal kinase by osmotic shock (Bogoyevitch et al. 1995),
and extra cellular-activated protein kinase via EGF-receptor
(Roberts and Der 2007), respectively. As the representatives
of phase I enzymes cytochromes P450 that are regulated pref-
erentially at transcriptional level were determined: CYP1Al,
CYP1A2, CYP2B6, CYP2C9 and CYP3A4. Following phase
II enzymes were analyzed: uridine diphosphate-glucuro-
nyl transferases (UGT1A1, UGT2B17), sulfotransferases
(SULT2A1, SULT1A1, SULT1B2) and glutathione-S-trans-
ferases (GSTA1, GSTA2). In addition, we examined the ef-
fects of MAPKs activators on the expression of the receptors
involved in transcriptional regulation of drug-metabolizing
enzymes, i.e. AhR, PXR, CAR and glucocorticoid receptor
(GR). The study was performed in primary cultures of human
hepatocytes, which is the most respected model for studying
drug metabolism in man (Donato et al. 2008).

Human hepatocytes were isolated and the cultures pre-
pared as described elsewhere (Vrzal et al. 2008). Experiments
were performed in human hepytocytes cultures FT278 and
FT280. RT-PCR measurements were performed in dupli-
cates. Isolation of total RNA, synthesis of cDNA and RT-
PCR determination were performed as described previously
(Vrzal et al. 2008). Relative expression of individual mRNAs
was normalized per GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) as housekeeping gene.

Human hepatocytes were treated for 24 h with model
MAPKSs activators SOR (0.4 mol/l), ANI (5 pmol/1), EGF
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Figure 1. Effects of MAPKSs activators on basal and inducible expression of CYP1A1, CYP1A2, CYP2B6, CYP2C9 and CYP3A4 mRNAs
in human hepatocytes. Shown are RT-PCR analyses of CYP1A1, CYP1A2 (A), CYP2B6, CYP2C9 and CYP3A4 (B) mRNAs from human
hepatocytes culture FT278. The data are mean from duplicate measurements and are expressed as fold induction over DMSO-treated
cells. The data were normalized to GAPDH mRNA levels. UT, untreated cells.

(75 ng/ml) or vehicle (DMSO, 0.1% v/v) in the presence or
absence of model inducers rifampicin (RIF; 10 pumol/1), phe-
nobarbital (PB; 500 umol/l) or 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD; 5 nmol/l).

First we tested the effects of MAPKs activators on the
basal and inducible expression of phase I enzymes. All
MAPKs activators slightly elevated basal levels of CYP1A1
and CYP1A2 mRNAs. In contrast, SOR and EGE but not
ANTI, drastically inhibited TCDD-mediated induction of
CYP1Al and CY1A2 mRNAs (Fig. 1A). SOR decreased
basal expression of CYP2B6 and CY2C9 mRNAs. SOR also
strongly inhibited both RIF- and PB-inducible expression
of CYP2B6, CYP2C9 and CYP3A4 mRNAs. EGF decreased
both basal and inducible expression of CYP2B6, CYP2C9

and CYP3A4 mRNAs. In contrast, ANI had no effect on
basal and PB-inducible expression of CYP2B6, CYP2C9
and CYP3A4 mRNAs, while ANT augmented RIF-inducible
expression of these genes (Fig. 1B).

Next we analyzed the effects of MAPKSs activators on the
expression of phase IT enzymes. Basal levels of UGT1AL,
UGT2B17, SULT2A1, SULT1A1, SULT1B2, GSTA1 and
GSTA2 were diminished by SOR and EGF but not by
ANI (Fig. 2). We observed induction of UGT1A1 but not
UGT2B17 by RIF, PB and TCDD. This induction was
inhibited by SOR, augmented by ANI, and unaffected by
EGF (Fig. 2A). Expression of SULT1A1 and SULT1B2 was
decreased by all tested inducers, while RIF and PB slightly
induced SULT2A1. This induction was blocked by SOR and
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Figure 2. Effects of MAPKSs activators on basal and inducible expression of UGT1A1, UGT2B17, SULT1A1, SULT2A1, SULT1B2,
GSTA1 and GSTA2 mRNAs in human hepatocytes. Shown are RT-PCR analyses of UGT1A1, UGT2B17 (A), SULT1A1, SULT2A1,
SULT1B2 (B), GSTA1 and GSTA2 (C) mRNAs from human hepatocytes culture FT278. The data are mean from duplicate meas-
urements and are expressed as fold induction over DMSO-treated cells. The data were normalized to GAPDH mRNA levels.

UT, untreated cells.

EGE whereas ANI potentiated SULT2A1 induction by RIF
(Fig. 2B). Expression of GSTA1 and GSTA2 was not affected
by RIF and PB, while TCDD decreased the levels of both
mRNAs. Combined treatments with SOR and EGF plus in-
ducers displayed similar pattern as in the absence of inducers.
In contrast, ANT significantly augmented the levels of GSTA1
and GSTA2 in the presence of inducers (Fig. 2C).

Finally, we analyzed the effects of MAPKSs activators on
the expression of the receptors involved in the transcrip-
tional control of biotransformation enzymes. The levels of
AhR, GR, CAR and PXR were drastically reduced by SOR
and EGE while ANT decreased only CAR mRNA (Fig. 3).

In the present paper we show that MAPKSs are involved
in transcriptional regulation of important phase I and
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Figure 3. Effects of MAPKSs activators on the expression of AhR, PXR, CAR and GR in human hepatocytes. Shown are RT-PCR
analyses of AhR, PXR, CAR and GR mRNAs from human hepatocytes culture FT278. The data are mean from duplicate meas-
urements and are expressed as fold induction over DMSO-treated cells. The data were normalized to GAPDH mRNA levels.

UT, untreated cells.

phase II biotransformation enzymes in human hepato-
cytes. This is supported by the observation that model
activators of MAPKs affected basal and inducible expres-
sion of drug-metabolizing enzymes. MAPKs activators
displayed differential effects; SOR and EGF exerted in
general inhibitory activity against basal and inducible ex-
pression of drug-metabolizing enzymes, whereas ANI had
either no or slightly stimulatory effects. We may anticipate
differential role of c-Jun-N-terminal kinase and extra cel-
lular-activated protein kinase in constrast with p38, when
considering specific activation of the either kinase by an
appropriate activator. Howevere, we shown elsewhere that
the effects of ANT and EGF on the activation of MAPKs
in human hepatocytes are not specific in contrast to the
majority of cell lines (Henklova et al. 2008a). In addition,
the inhibitory effect of ANI on proteosynthesis should be
taken in account, since it was described that the inhibitors
of protein synthesis cause a superinduction of CYP1A1
gene (Joiakim et al. 2004). Collectively, we report here for
the first time on the effects of MAPKs on transcriptional
regulation of drug metabolizing enzymes in primary hu-
man hepatocytes.
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