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• LIVER CANCER •
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Abstract
AIM: To investigate cytpchrome P4502E1 (CYP2E1) gene
expression in occurrence and progression of hepatocellular
carcinoma (HCC).

METHODS: The human liver arrayed library was spotted
onto the nylon membranes to make cDNA array. Hybridization
of cDNA array was performed with labeled probes synthesized
from RNA isolated from HCC and adjacent liver tissues.
Sprague-Dawley rats were administrated diethylnitrosamine
(DENA) to induce HCC. CYP2E1 expression was detected by
the method of RT-PCR and Northern blot analysis.

RESULTS: CYP2E1 was found by cDNA array hybridization
to express differently between HCC and liver tissues. CYP2E1
only expressed in liver, but did not express in HCC tissues
and expressed lowly in cirrhotic tissues. In the progression
of cirrhosis and HCC, the expression level of CYP2E1 was
gradually decreased and hardly detected until the late stage
of HCC.

CONCLUSION: Using arrayed library to make cDNA arrays
is an effective method to find differential expression genes.
CYP2E1 is a unique gene expressing in liver but did not
express in HCC. CYP2E1 expression descended along with
the initiation and progression of HCC, which is noteworthy
further investigations in its significance in the development
of HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
cancers in China and the world[1,2]. Although the wide use of
diagnostic technology and the improvement in curative
treatment may evolve to a better scenario, it still represents
more than 5% of all cancers[3]. To investigate HCC associated

genes is very helpful to elucidating the molecular mechanism
of proliferation, differentiation and transformation of hepatocytes
in the occurrence and development of HCC[4,5]. cDNA microarray
analysis is a powerful technique in the investigation of cancer
associated gene identification and function[6]. The gene
expression can be simultaneously monitored in a large scale
with cDNA microarray[7]. The potential analysis of the
expression of thousands of genes in one experiment provided
new insights into the molecular study of the occurrence and
development of HCC[8-10].
      In the present study, a method of making cDNA array from
the arrayed library was developed to identify the differentially
expressed genes. CYP2E1, the gene encoding cytochrome P450
2E1 (CYP2E1), a member of cytochrome P450s present in
prokaryotes and through the eukaryotes[11], was identified to
express in normal liver or cirrhotic tissues adjacent to tumors
but not express in HCC tissues. CYP2E1 is one of the important
members of cytochrome P450 superfamily, with functions
ranging from catalysis of the conversion of ethanol to
acetaldehyde and from acetate to metabolization of many exotic
drugs and procarcinogens[12]. A rat HCC model was then
induced to study CYP2E1 expression in the procession of HCC.
The results showed that CYP2E1 expression descended along
with the initiation, promotion and progression of HCC. It is
suggested that CYP2E1 is correlated to HCC and noteworthy
further investigations for its significance in the development
of HCC.

MATERIALS AND METHODS

Arrayed library preparation
The human liver cDNA library (Invitrogen, USA) was cultured
on the agar plate and were picked into 96-well microplates
with 200 µL culture medium. After an overnight culture, 1 µL
of the bacterial medium in each well was diluted into 20 µL
from which 1 µL was transferred to the corresponding 96-
well PCR microplates and the remaining was added to 50 µL
glycerol and stored at -80 .

PCR amplification of plasmids
PCR reaction was carried out with oligonucleotide T7 (5’ gga
aga agg gaa ctg att cag 3’) and oligonucleotide BGHR (5’ cac
atc cag atc ata tgc cag 3’) as forward primer and reverse primer.
The procedure of PCR was made with denaturing at 94  for
4 min followed by 35 cycles of reaction including denaturing
at 94  for 50 s, annealing at 58  for 50 s and elongation at
72  for 90 s, and a final bonus extension elongation at 72 
for 7 min. The amplified products were randomly selected for
electrophoresis to validate PCR efficiency.

DNA arrays preparation
The PCR products in the microplates were spotted with TAS
(BioRobotics, UK) onto the 8 cm×12 cm nylon membrane to
form 2×2×96 array in each membrane. The 0.7 mm diameter
96-pin spotting setting was used. Each product from a well
was spotted onto the same position 3 times. The membranes
were denatured immediately in the denature buffer (1.5 mol/L



NaCl, 0.5 mol/L NaOH) for 5 min and then equalized in the
equalizing buffer (0.9 mol/L NaCl, 0.5 mol/L Tris, pH7.5) for
5 min followed by baking at 80 .

DENA-induced HCC in rats
DENA (Sigma, USA) was diluted into 1×10-4 concentration in
drinkable water. Male Sprague-Dawley rats were obtained from
the Experimental Animal Center of Chinese Academy of
Sciences, Shanghai. The rats in HCC group were administrated
DENA via drinking DENA-diluted water while the rats in
control group drank clean water. Three HCC-induced rats
and one control rat were sacrificed by decollation under
pentobarbital anesthesia every week. The liver tissue was
immediately stored in liquid nitrogen for RNA isolation and
fixed for histological analysis.

Total RNA and mRNA isolation
Total RNA was isolated from 0.1 g frozen tissues in 1 mL Trizol™
reagent (Invitrogen, USA) according to the manufacturer’s
instructions. Isolation of mRNA was carried out with the
Oligotex™ mRNA Mini kit (Qiagen, Germany) from 250 µg
total RNA.

Labeling of cDNA from mRNA of HCC tissues
Probes for the array hybridization were labeled with Atlas™
SpotLight™ labeling kit (Clontech, USA) according to the
user’s manual. A 2 µg mRNA respectively from paired HCC
tumor and adjacent normal or cirrhotic tissues was added with
2.5 µL CDS Primer Mix and incubated at 70  for 10 min.
Reaction buffer (5×) 5 µL, Labeling Mix (10×) 2.5 µL, DTT
(100 mmol/L) 1.25 µL were added and incubated at 48  for
5 min. PowerScript reverse transcriptase (1.25 µL) per reaction
and 10 mL of Master Mix were added and incubated at 48 
for an additional 45 min. The reaction was stopped by adding
0.5 mL of 0.5 mol/L EDTA (pH8.0) and then purified routinely.

Hybridization of DNA array
DNA array hybridization and detection were preceded with
SpotLight™ chemiluminescent hybridization & detection kit
(Clontech, USA). The array membranes were wetted and pre-
hybridized while a biotinylated array probe was denatured.
Cot-1 and the biotinylated probe were added to pre-hybridization
solution to incubate overnight. The membranes were washed
and blocked, and added with enough stabilized Streptavidin-
HRP conjugate. After equilibrated, the membranes were covered
with the luminol/peroxide working solution and incubated at
room temperature for 5 min and exposed the membrane to film
for an appropriate time to obtain desired signals.

RT-PCR of CYP2E1 in rats
First strand cDNA was reversibly transcribed from total RNA
with SuperScript™ II reverse transcriptase (Invitrogen, USA).
The procedure of RT-PCR of CYP2E1 was carried out in
normal rat tissues with the oligonucleotide (5’ act tct acc tgc
tga gca c 3’) and oligonucleotide (5’ ttc agg tct cat gaa cgg g
3’) as forward and reverse primer respectively and with
denaturing at 94  for 4 min followed by 33 cycles of reaction
including denaturing at 94  for 50 s, annealing at 55  for
50 s and extension at 72  for 1 min, and a final bonus extension
for 7 min. An 874-bp sequence product was amplified.

Cloning of rat CYP2E1
The PCR product was purified using the QIAquick PCR
purification kit (Qiagen, Germany) and cloned into the T-vector
(Promega, USA) directly and transfected into DH5-alpha
bacteria. The plasmid was purified to be sequenced and
confirmed according to the GenBank sequence.

Northern blot analysis
The plasmid was digested and electrophoresed. The template
fragment was purified from agarose gel using the gel extracting
kit (Qiagen, Germany). The probe was labeled from 25 ng
template DNA by the random primer method using DNA
polymerase I large (Klenow) fragment (Promega, USA) with
α-32p-dCTP followed by purification using the QIAquick
purification kit (Qiagen, Germany). Total RNA (40 µg)
justified by 28 s and 18 s intensity of each sample, was loaded.
Electrophoresis was carried out under denaturing conditions
and RNA was transferred onto nitrocellulose membrane and
cross-linked by baking at 80  for 2 h. The filters were then
prehybridized, hybridized, and washed under high stringency
conditions. All blots were screened by Fuji BAS2000 and
analyzed by LABwork software and then exposed at -80  to
Kodak X-ray film for 2 wk.

RESULTS

Identification of CYP2E1 as an HCC-silent gene with cDNA
array gene expression profile analysis
The arrayed library clones were spotted onto each nylon
membrane to 2×2×96 array from 4 microplates. There were
96 subarrays in one membrane. The arrayed membranes were
denatured, fixed and preserved under dry condition. The mRNA
from HCC tissues and corresponding adjacent liver tissues was
labeled to hybridize to the above arrayed membranes. A spot
then identified low signals in HCC tissues but high signals in
corresponding adjacent liver tissues (Figure 1). It was suggested
that the gene was a liver-expressing gene that was downregulated
in HCC tissues. According to the position of the spot in
membrane, the clones in microplates of arrayed library was
recruited and sequenced as CYP2E1.

Figure 1  Differential expression profile of cDNA array hy-
bridization result. Part of the membrane is displayed. The
clones the arrows point represent CYP2E1. K: HCC tissue, L:
adjacent liver tissue.

HCC model of DENA-induced rats
The liver tissue from DENA-induced rats that were killed
after 3 wk appeared almost normal as the control rats. The
pathological examination indicated the liver lesion in these
rats. The livers of rats after the 4th wk were smaller than those
of control rats and the color of the liver surface was much
dingy. Cirrhotic nodi could be seen on the liver surface of rats
killed in the 7th wk and cirrhosis could be detected as early as
in the 5th wk by pathological examination. There were few liver
cancer nodi in 1 rat detected in the 9th wk. So the 9th wk might
be the boundary between cirrhosis and HCC in the present
study. In the 10th wk, HCC could be detected in all rats and
HCC nodi could be seen by naked eyes after the 10th wk. After
the 16th wk, HCC nodi were spread almost all over the rat liver.

CYP2E1 expression in normal tissues
Twelve types of human normal tissues except liver were used
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for Northern blot analysis of CYP2E1 expression. CYP2E1
did not express at all in the 12 normal human tissues. To
represent the expression level of CYP2E1 in these organs, the
RNA sample of heart, brain, lung, intestine and liver were
selected with 2 cases of HCC tissues and 1 case of kidney
cancer tissue to be transferred onto one membrane for Northern
blot analysis. The hybridization result showed that CYP2E1
indeed only expressed in non-tumor liver tissues (Figure 2).
The expression pattern of CYP2E1 in rats was the same as in
human. By RT-PCR analysis, it was indicated that CYP2E1
was only amplified from normal liver tissues and did not
express in other tissues (Figure 3).

Figure 2  CYP2E1 expression in normal human organs and
HCC tissues detected by Northern blot analysis. 1: heart, 2:
brain, 3: muscle, 4: intestine, 5: stomach, 6: lung, 7: liver tissues
adjacent to HCC, 8: HCC, 9: liver tissues adjacent to HCC, 10:
HCC, 11: renal tissues adjacent to carcinoma, 12: renal carcinoma.

Figure 3  CYP2E1 expression in normal organs of rat detected
by RT-PCR analysis.

Figure 4  CYP2E1 expression in human HCC tissues detected
by Northern blot analysis. N: normal liver, K: HCC, L: liver
tissue adjacent to HCC.

Figure 5  CYP2E1 expression in occurrence and development
of rat HCC detected by Northern blot analysis. There were 12

lanes in one membrane including specimen of 3 wk. Riboso-
mal RNA of 28 s and 18 s as control was in the bottom. N: nor-
mal control group, D: DENA-induced group.

CYP2E1 expression in HCC
Northern blot analysis showed that CYP2E1 expressed in
normal liver tissues and adjacent tissues with cirrhosis. There
was no hybridization signal in HCC tissues from all 14 cases.
CYP2E1 was significantly downregulated in HCC (Figure 4).
The rat HCC model simulated the progression of HCC. The
change of expression was analyzed also by Northern blot
(Figure 5). In the early liver lesion stage of the DENA-induced
rats after 1-3 wk, CYP2E1 expression was slightly upregulated
compared with normal livers. But after 4 wk, the gene was
down-regulated and when cirrhosis occurred after 5 wk, the
expression level was almost the same in the liver between the
2 groups. It was obvious that the cirrhotic tissues of the rats
expressed at lower level than the normal livers after 7 wk.
When the DENA-induced rats progressed to the stage of tumor
from the 10th wk, CYP2E1 expressed at much lower level than
normal livers and liver of cirrhotic stages. Until the very later
stage of HCC, the expression level was very low and the
hybridization signal was hardly detected.

DISCUSSION
An ideal support allowed effective immobilization of probe
onto its surface, and robust hybridization of target with the
probe[13]. Nylon membrane, as a standard support used for making
microarrays[14,15] could hold more DNA. The hybridization and
detection of membranes arrays cost much less. Here we used
the nylon membranes as the matrix of cDNA arrays. The DNA
on the membranes was denatured before cross-linking to the
matrix by baking the array at 80 . In many cases, the cDNA
targets were chosen directly from cDNAs library of interest
for DNA microarray manufacturing[16]. The collection should
include an aggregation of gene clones as many as possible. On
the other hand, for certain purpose of an investigation, most
genes on a large content array might not be necessary. The
method to make cDNA microarray in this study arose from
the concept of arrayed library. The cDNA plasmid library was
transferred to the microplates to be the arrayed library, which
was copied to the nylon membranes to make the DNA arrays
after PCR amplification. Because most genes on the arrays
did not differently express between samples, the tumor and
normal tissues, for example, the sequencing expense of these
genes could be saved. It was after the array hybridization, the
genes that were detected to express differently would be
selected from the arrayed library and were sequenced for further
studies. In this study, most genes showed no differential
expression between HCC and adjacent liver tissues. Only the
differently expressed genes were sequenced for further
investigations. CYP2E1 was identified as a liver profound but
HCC silent gene.
     P450 enzymes were found in almost all eukaryotes and
prokaryotes[17]. CYP2E1 enzyme had a molecular weight of
57 KD and the encoding gene was located on chromosome 10
spanning 11 413 base pairs[18,19]. CYP2E1 was found to play
an important role in its polymorphism during tumor occurrence.
The significance of this polymorphism currently unclear[20,21].
To date, the results in possible associations between CYP2E1
genetic polymorphisms and alcoholic liver disease susceptibility
have been varied and often contradictory[22]. Because hepatic
CYP2E1 has been shown to activate various carcinogens, there
has been interest in whether certain CYP2E1 polymorphisms
might predispose to liver cancer[23,24]. It was demonstrated that
possession of the less common Rsa I/Pst I allele was associated
with increased susceptibility to HCC[25].
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      Although CYP2E1 was said to be located in most tissues
with the largest concentration in the liver, it was constitutively
expressed in the liver and only induced to express in other
tissues by treatment with acetone, ethanol, isoniazid and other
compounds, many of which are substrates for the enzyme[26-28].
This study showed that CYP2E1 expressed only in the liver
but did not express in the other normal organs in human and
rats. So it could be concluded that CYP2E1 is the liver-specific
functional gene. Furthermore, CYP2E1 was found to loose
expression in HCC. Northern blot analysis was performed to
validate the result of chip experiment. CYP2E1 expressed at a
high level in normal or cirrhotic tissues but was silent in HCC
tissues from 14 cases of HCC. So CYP2E1 did not express in
HCC. To further understand the expression of CYP2E1 in the
initiation, promotion and progression of HCC, the DENA-
induced rat HCC model was made to study the role of CYP2E1
in the process of HCC. The development of rat HCC underwent
the progression of liver lesion and cirrhosis until the tumor
occurrence. The results showed that at the early stage of the
rat model the expression level of CYP2E1 in the liver lesion
tissues was slightly higher than that in normal rat liver in the
first to third week. Because CYP2E1 was involved in the
metabolism of nitrosamines, DENA might induce CYP2E1
expression. But along with the aggravation of liver lesion and
development of cirrhosis, the expression level of CYP2E1 was
gradually descended. After the progressing stage of HCC,
CYP2E1 did not express as in human HCC. There were very
low signals because at the late stages of HCC the tumor were
grown sporadically and the samples were intermixed with
cirrhotic tissues where CYP2E1 still expressed. The expression
pattern of CYP2E1 in the HCC was worth of further studies. It
is suggested that these differential expression might help
further understand the molecular genetic and gene regulation
mechanism of HCC progression. Because CYP2E1 does not
express in HCC cells, there might be a guided biological
treatment for HCC with its potential substrate.
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