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Abstract
AIM: To determine whether parenchymal cells or hepatic
cytochrome P450 protein was changed in chronic liver
diseases, and to compare the difference of CYP3A4 enzyme
and its gene expression between patients with hepatic
cirrhosis and obstructive jaundice, and to investigate the
pharmacologic significance behind this difference.

METHODS: Liver samples were obtained from patients
undergoing hepatic surgery with hepatic cirrhosis (n=6) and
obstructive jaundice (n=6) and hepatic angeioma (controls,
n=6). CYP3A4 activity and protein were determined by Nash
and western bloting using specific polychonal antibody,
respectively.Total hepatic RNA was extracted and
CYP3A4cDNA probe was prepared according the method
of random primer marking, and difference of cyp3a4
expression was compared among those patients by
Northern blotting.

RESULTS: Compared to control group, the CYP3A4 activity
and protein in liver tissue among patients with cirrhosis were
evidently reduced. (P<0.01) Northern blot showed the same
change in its mRNA levels. In contrast, the isoenzyme and
its gene expression were not changed among patients with
obstructive jaundice.

CONCLUSION: Hepatic levels of P450s and its CYP3A4
isoform activity were selectively changed in different chronic
liver diseases. CYP3A4 isoenzyme and its activity declined
among patients with hepatic cirrhosis as expression of cyp3a4
gene was significantly reduced. Liver’s ability to eliminate
many clinical therateutic drug substrates would decline
consequently, These findings may have practical implications
for the use of drugs in patients with cirrhosis and emphasize
the need to understand the metabolic fate of therapeutic
compounds. Elucidation of the reasons for these different
changes in hepatic CYP3A4 may provide insight into more
fundamental aspects and mechanisms of imparied liver
function.
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INTRODUCTION
Hepatic cytochrome P450 enzymes constitute a superfamily
of hemoproteins which play a major role in the metabolism of
endogenous compounds and in the detoxification of xenobiotic
molecules, includeing anesthetics and carcinogens[1-3]. About
200 CYPs have been found in the past 20 years, and many factors
including age, gender, nutrition, hormone and general or local
pathologic reaction affect CYPs, and the biotransformation of
many clinical therapeutic drugs would be changed. P450 3A4
is one of the most important forms in human, mediating the
metabolism of about 70 % of therapeutic drugs and endogenous
compounds[4-6].
      Although the mechanism and consequences of regulation
of P450s by drugs and chemicals have been intensively studied,
the mechanisms by which P450s are changed by hepatic
pathological factors still remained unclear[7-11]. Hepatic cirrhosis
and obstructive jaundice are most common chronic hepatobiliary
diseases among Chinese people, the change of CYPs with
cirrhosis and jaundice provided us fundamental knowledge
about the effect of pathological factors on P450s[12-15]. The aim
of this study is to determine the alterations of CYP3A4 enzyme
and its gene expression in patients with those chronic liver
diseases, and to investigate the pharmacologic and clinical
significance behind this alterations.

MATERIALS AND METHODS
Materials
pBS M13 CYP3A4 plasmid was kindly provided by Prof Ying-
Nian Yu (Zhe-jiang University, China). Rabbit anti-human
CYP3A4 polyclonal antibody was purchased from Chemicon
(San Diego, CA); HRP taged sheep anti-rabbit antibody was
purchased from PharMingen (Mannheim, Germany); glucose
6- phosphoric acid, erythromycin, Lowry’s phenol reagent,
glucose 6-phosphoric transferase, acetic ammonium, acetyl-
acetone, and NADP were purchased from Sigma Chemical
(St. Louis, MO); and all other reagents used in this study were
of analytical grade.

Source of human liver tissues  and patient characters
Human liver samples (30-50 g) were taken from patients
undergoing hepatic surgery. Patients had not receive
medication of CYPs activator and inhibitor (rifampicin,
dexamethasone, propofol, etc) before the surgery. None of the
patients were habitual consumers of alcohol or other drugs. A
total of 18 liver samples from 15 men and 3 women were used.
They were all cases admitted from 2000 to 2001 in Eastern
Hepatobiliary Surgery Hospital in Shanghai, China. Informed
content was obtained from all patients for subsequent use of
their specimen tissues. These specimens were immediately
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dissected into small pieces under aseptic condition within half
an hour, quickly frozen and preserved in liquid nitrogen before
subsequent procedure. Patients’ characters and liver function
are shown in Table 1.

Table 1  Clinicopathological characteristics of patients studied
and their Pugh class

Groups    Median       Gender     Smoking    Ethanol      Pugh Class
  Age (yrs)        F/M             (n)  (n)     A,B,C

C (n=6)  42(21-56)        2/4  2   1     A(6)

H (n=6)  38(28-61)        1/5  1   1     A(4),B(2)

O (n=6)  44(27-65)        0/6  1   2     B(6)

C: controls; H: hepatic cirrhosis; O: obstructive jaundice.

Preparation of microsomes
Liver tissues were subsequently homogenized in ice-cold
0.1 mol/L Tris-HCl buffer containing 1.15 % KCl(pH7.4) and
to yield a liver homogenate tissue concentration of 0.33 g/ml.
Microsomal fractions were prepared by differential
ultracentrifugation. After tissue homogenization in 20 mM
Tris-HCl buffer, pH 7.4, containing 0.15 M KCl, the
microsomal fraction was isolated from the supernatant of a
20-min 9 000×g spin by ultracentrifugation. The microsomal
precipitate was suspended in 100 mM potassium phosphate
buffer, pH 7.4, and recentrifuged at 105 000×g for an additional
60 min. The final precipitate was suspended in 10 Mm Tris-
HCl buffer (pH 7.4) containing 10 mM EDTA and 20 %(v/v)
glycerol. Liver microsomal protein contents were determined
following the methods of Lowry et al[16], using bovine serum
albumin as standard.

Microsomes P450s and CYP3A4 activity assays
CO-bound total cytochrome P450 content was determined by
the method of Omura et al[17]. Spectra were recorded using a
Shimadzu UV-250 double-beam spectrophotometer. CYP3A4
specific activity was determined by N-demethylation of
erythromycin using the Nash method as previously described[18].

Immunoquantition of CYP3A4 isoform protein by western blot
analysis
Hepatic microsomal proteins were resolved by SDS-PAGE
with vertical mini-gel electrophoresis equipment. Samples of
liver microsomal protein (10 µg/lane) were denatured in 10 µl
loading buffer (4 ml distilled water, 1 ml 0.5M Tris-HCl, pH 6.8,
0.8 ml glycerol, 1.6 ml 10 % w/v SDS, 0.4 ml mercaptoethanol,
0.05 ml 0.05 % w/v Pyronin Y) and were separated on a 10 %
w/v resolving gel. Proteins were transferred from the
polyacrylamide gel to the nitrocellulose sheets by an
electrophoretic method, and probed with rabbit anti-human
CYP3A4 polyclonal antibody (not cross-reactive with other
rat P450s) according to supplied protocol. CYP3A4 protein
was detected by secondary conjugation to the primary antibody
by a HRP-linked sheep anti-rabbit second antibody using
diaminobenzidine as substrate.

Northern blot analysis CYP3A4 mRNA
Total RNA was isolated from frozen human liver tissues by
the acid guanidinium thiocyanate-phenol-chloroform one step
extraction method as previously described[19], 20 mg of RNA
was size-fractionated on a 1.0 % agarose gel containing 2.2
mol/L formaldehyde, and then transferred into nitrocellulose
membrane (BA85, Schleicher Schuell, Germany). The
membrane wes dried in a vacuum drying over at 80  for 2 h
and sealed in a plastic bag for use. CYP3A4 probe wes cut

from pBS M13 CYP3A4 plasmid by Hand III. Hybridization
was performed in the presence of the appropriate 32P-labeled
probes. The membrane was washed twice at room temperture
in 2×SSC, 0.1 % SDS for 30 min, once at 65  in 1×SSC,
0.1 % SDS for 30 min and once at 65  in 0.1×SSC, 0.1 %
SDS for 30 min. Membranes was then exposed to X-ray films
(Fujifilms, Tokyo, Japan) at -70  for a week and analyzed by
Phosphor Image (FLA 2000, Fujifilm, Japan). The difference
of CYP3A4mRNA was compared among three groups.

Statistical analysis
Data was analyzed using the χ2 test. A P<0.05 was considerd
significant.

RESULTS

P450 and CYP3A4 activity changes in chronic liver diseases
As shown in Table 2, compared with controls, the hepatic
microsome protein and total P450 content remained unchange
in the patients with hepatic cirrhosis and obstructive jaundice,
but CYP3A4 activity in the liver tissue of patients with cirrhosis
liver was evidently reduced. This change was not seen in the
obstructive jaundice group.

Table 2  Microsomal protein, total P450 content and CYP3A4
content and its activity among three groups (x±s)

         C        H        O

Microsome 10.32±3.98 9.57±3.72 9.42±3.26
protein (g/L)
P450 content   0.99±0.16 0.94±0.151 0.89±0.18
(nmol/mg protein)
CYP3A4 activity   3.01±0.74 1.78±0.653 a 2.89±0.65
(nmol/min/mg protien)

aP<0.01 vs controls C: controls; H: hepatic cirrhosis; O: obstruc-
tive jaundice.

Change of CYP3A4 isoform protein
Hepatic CYP3A4 protein expression was shown in Figure 1
by western blot analysis. CYP3A4 protein in liver tissues
was also reduced in the patients with cirrhosis liver, but in
obstructive jaundice, there was no change of as compared
with controls.

Figure 1  Western Blot analysis of CYP3A4 isoform protein
among three groups, compared with controls (tagged by “C1-6”).
CYP3A4 protein content in liver tissues among patients with
cirrhosis (tagged by “H1-6”)reduced. but in obstructive jaun-
dice (tagged by “O1-6”), There was no change of CYP3A4 pro-
tein expression.

Change of CYP3A4mRNA in chronic liver diseases
As shown in Figure 2, CYP3A4 probe was cut from pBS M13
CYP3A4 plasmid by Hand III, we got a 800 bp cDNA fragment
as expected.
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       Northern blot analysis showed that CYP3A4 was expressed
well in human liver tissues, which agreed with other reports[20-23].
In patients with cirrhosis (shown in Figure 3), CYP3A4mRNA
reduced significantly as compared with controls, but no change
happened in the jaundice group.

Figure 2  The results of substratum electrophoresis in pBS M13
CYP3A4 plasmid. Lane 1: pBS M13 CYP3A4 (Hind III), Lane 2:
Marker (1kb DNA ladder).

Figure 3  Northern blot analysis mRNA expression of CYP3A4
isoform in liver tissues among three groups. Total RNA was
isolated without degradation and each bottom panel showed
an equal amount of total RNA loading as indicated in 28 s and
18 s rRNA. CYP3A4mRNA was expressed well in human liver
tissues, of patients with cirrhosis(tagged by “H”), CYP3
A4mRNA was reduced significantly compared with control
(tagged by “C”) ,but no decline happened in jaundice group
(tagged by “O”).

DISCUSSION
CYP3A appears to be one of the most important human
enzymes as approximately 60 % of oxidised drugs are
biotransformed. The isoforms of CYP3A in humans include
3A3, 3A4, 3A5 and 3A7, each of these enzymes shared at
least 85 % amino acid sequence homology[24]. CYP3A4 is the
predominant isoform of CYP3A in adult humans. It can
catalyse a remarkable number of metabolic processes including
aliphatic oxidation, aromatic hydroxylation, N-dealkylation,
O-demethylation, S-demethylation, oxidative deamination,
sulfoxide formation, N-oxidation and N-hydroxylation. This
usually produced inactivation and elimination of most
pharmaceuticals. A number of drugs from a broad range of
therapeutic categories are CYP3A4 substrates. The change of
CYP3A4 isform was the main reason for enhancement or
reduction of drug elimination[25-27].
      In our studies, total P450 contents of 18 Chinese patients
were obviously lower than results those reported about
Caucasian. (1 pmol/mg vs 5-6 pmol/mg), and the activity of
CYP3A4 isoform was also lower[28-30]. Although CYP3A4 drug
metabolizing activity varied widely among individuals, it had
a unimodal population distribution and did not appear to be
subject to genetic polymorphism as seen with other CYP
isoforms (2D6, 2C9 and 2C19)[31-34]. The wide inter races

variability was likely, in part, to be caused by ethnic or cultural
differences, which might be related to an interaction between
habit and diet. Therefore we could not draw any conclusion
about the normal distribution character of CYPs in Chinese
because of the limited sample number and experimental
conditions. More detailed and complete studies should be
performed for analysising the distribution of CYPs in Chinese
in the near future[35].
    Most information on drug metabolism impairment at
pathologic status has been obtained in rodent in vivo or in vitro
models, and most of these studies have focused on the effects
of IFNs and the major inflammatory cytokines, namely, IL-6,
IL1 and TNFα

[36-39], but relatively few studies have examined
the effect of liver disease on human CYP expression. Hepatic
cirrhosis and obstructive jaundice are most common chronic
hepatobiliary disease in Chinese, the change of CYPs with
cirrhosis and jaundice can provide us basic knowledge about
the effect of pathological factors on P450s. The present study
demonstrated that, in patients with cirrhosis, CYP3A4-
mediated erythromycin N-demethylation activity and 3A4
protein were significantly less than in controls, but the total
P450 content and hepatic microsome protein still remained
unchanged. These results suggest that family ingredients of
P450s have changed in the cirrhosis. That is, CYP family 1, 2
may enhance following with CYP3A reduced, since CYP1 and
CYP2 families play a major role in biotransformation of most
carcinogens, but few studies described whether high morbidity
of hepatic cancer in cirrhosis is correlated with these changes
of drug metabolic enzymes[40].
     Although many factors including age, gender, nutrition,
hormone and general or local pathologic reaction affect drug
elimination, the enzymatic activity as well as content of P450s
is still a basic reason for change of drug metabolism, and the
biotransformation of many clinical therapeutic drugs either
enhanced or reduced[41-43]. This study is for the first time to
examine simultaneously in patients with liver diseases the
hepatic P450 protein level, isoform activity as well as its mRNA
expression. Significant correlations with CYP3A4 protein
level, isoform activity and mRNA expression were observed,
suggesting that with the decrease of CYP3A4 mRNA
expression, RNA encoded CYP3A4 isoform protein reduced,
which would cause the decrease of CYP3A4-mediated
erythromycin N-demethylation activity. Since CYP3A4 is the
predominant isoform of CYP3A in adult humans, the Change
of hepatic CYP3A4 activity will change the metabolism of
most clinical therapeutic drugs. Firstly, a large number of
intravenous anesthetic and sedative agents (including
diazepam, midozolam, fentanyl, lidocaine, etc.) are substrates
of CYP3A4 isoform, N-hydroxylation and N-dealkylation
reactions of anesthetics reduced in cirrhosis patiens will cause
drug raccumulation, oversedative and postoperative awake
delay[44,45]. Secondly, Amiodarone, quinidine, nifedipine,
berhomine and Cyclosporin were also eliminated through
CYP3A4, thus competitive inhibition should be noticed and
avoided especially when more than one drugs must be
administrated in patients with cirrhosis. These findings are in
agreement with pharmacokinetics studies that have shown
reduced clearance of midozolam when combined with fentanyl
in cirrhosis, but over-dosage condition of anti-irrhythmia drugs
had more clinical signifiance than that of other therapeutic
drugs[46,47]. Thirdly, as CYP3A4 also plays an important role
in the biotransformation and detoxification of many
endogenetic substrates, reduction of CYP3A4 activity may
result in inactivation disorder of endogenetic substance
including cholesterol, bile acid and sex steroids, thus causing
more extensive physiopathologic changes in patients with
cirrhosis, these changes, on contrary, will affect the drug
metabolic enzymes[48,49].
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      In summary, the present study demonstrated that, hepatic
levels of individual P450s and its CYP3A4 isoform activity
can selectively change in different chronic liver diseases. The
hepatic microsome proteins and total P450 content remained
unchanged in patients with hepatic cirrhosis and obstructive
jaundice , but CYP3A4 activity and its protein level in liver
tissue among patients with cirrhosis were evidently lowered.
This change was not seen in obstructive jaundice group, and
the cause of this change may be the lowered expression of
CYP3A4 mRNA. These findings may have practical
implications for the use of drugs in patients with liver diseases
and emphasize the need to understand the metabolic fate of
therapeutic compounds[50,51]. Elucidation of the reasons for
these different changes in hepatic P450s may provide insight
into more fundamental aspects and mechanisms of impaired
liver function in patients with chronical liver diseases.
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