ONCOLOGY REPORTS 13: 69-74, 2005 71

46000 -

40000 - I

35000

0000 -
25000
20000 -
15000

10000 -

f-Galactosidase activity
(pe/mg protein)

5000 -
g . /e L R O

CBD

naive portal

Figure 2. Quantitative estimation of lacZ gene expression in rat livers
induced by intrabiliary and intraportal adenovirat administration. Recombinant
adenoviruses (1x10* pfu/500 ul) carrying the lacZ gene were infused
retrogradely into the liver via the common bile duct or antegradely via the
portal vein. Animals were sacrificed 4 days afier adenoviral administration,
Their livers were homogenized, and B-galactosidase activity in the liver was
estimated by the chemiluminescent reporter gene assay. Livers of naive rats
that received wo adenoviral administration were also subjected to the
chemiluminescent assay to estimate background levels of B-galactosidase
activity in normal rat livers. Each bar represents the mean £ SD of 5
animals. CBD represents the common bite duct. *Indicates that the difference
between the groups is statistically significant at p<0.001.

activity in the liver induced by lacZ gene expression, X-gal
staining was performed as described previously (22). Briefly,
approximately half of the volume of the left-Jateral hepatic
lobe from each animal was fixed with 4% paraformaldehyde,
0.2% glutaraldchyde and 0.02% Nonidet P-40 in 0.1 M sodium
phosphate buffer (pH 7.4) for 60 min at room temperature,
Livers were then sliced into $0-pm thick scctions with a
microslicer (DTK-3000; Dosaka EM, Kyolo, Japan). These
slices were rinsed 3 times in PBS with 1 mM MgCl; and
incubated overnight at 37°C in an X-gal (5-bromo-4-chloro-
3-indolyl-B-galactosidase; Gibco, Grand Island, NY, USA)
reaction mixture to detect lacZ gene expression.

Quantitative evaluation of f-galactosidase activity in the
liver. To quantitatively measure the B-galactosidase activity
in the liver induced by lacZ gene expression, a chemi-
luminescent reporter gene assay system using Galacton-Star
(Tropix, Bedford, MA, USA) was used, as described previously
(13}. Briefly, approximately half the voleme of the left-lateral
hepatic lobe from each animal was homogenized in a lysis
butfer consisting of 100 mM potassium phosphate (pH 7.8)
and 0.2% Triton X-100. Liver homogenates were centrifuged
at 10,000 rpm for 10 min at 4°C. Supernatants were collected,
and 10 pl of each superratant sample was added to the
reaction buffer containing the Galacton-Star chemiluminescent
substrate. After incubation for 60 min at 37°C, B-galactosidase
aclivity of the supernatant samples was measured using a
luminometer (TR717 Microplate luminometer; Tropix). A
standard curve was generated by serially diluting the reagent
grade Escherichia coli §-galactosidase (G-563S5; Sigma, St

Louis, MO, USA) in lysis buffer. Protein concentrations of
the supernatants were also measured using the Bio-Rad
(Hercules, CA, USA) protein assay kit with bovine serum
albumin as standard. B-galactosidase activity of each sample
was standardized based on the protein content of the
supernatant.

Evaluation of adverse effects by adenoviral administration,
For evaluating the adverse effccts of adenoviral administration
into the tiver via the common bile duct or via the portal vein.
serum biochemical parameters including asparate amino-
transferase (AST), alanine aminotransferase (ALT), lactate
dehydrogenase (LLDH), total protein, albumin, total bilirubin
(free and conjugated), creatinine and blood wrea nitrogen
(BUN} of each rat administered with adenoviruses (SxI0* plu
contained in 500-u! inoculum volume) retrogradely into the
biliary tract or antegradely into the portal vein were measured
4 days after adenoviral infusion, For histological analysis of
cytopathic effects caused by intrabiliary and intraportal
adenoviral administration, the left-median hepatic lobe of
each animal was removed, fixed in 10% buffered formalin,
embedded in paraltin, and stained with hematoxylin and cosin.
Naive antmals that had not received adenoviral administration
were also sacriliced and examined biochemically and patho-
logically as normal controls. Bach group consisted of § animals.

Statistics. Results are expressed as means  SD. Standard
descriptive statistics, Student's t-test and Welch's t-lest, were
used according to the distribution of experimental valucs. A
p-value <0.05 was considered to indicate a significant
difference between groups.

Results

Histochemical analysis of transgene expression in the
liver induced by intrabiliary and intraportal adenoviral
administration. To cxamine the efficiency of adenovirus-
mediated gene transfer into the liver caused by intrabiliary
and intraportal adenoviral administration, 5x10% pfu of
Adex1CAlacZ adenoviruses carrying the locZ gene under the
transeriplional control of the CAG promoter were infused
retrogradely into the common bile duct and antegradely into
the portal vein of rats. When animals received this amount of
adenoviruses into the common bile duct or into the portal
vein, no obvious signs of the treatment-related side effects,
such as body weight toss, impaired activity, and dry and
disheveled [ur, were observed.

We first confirmed that no X-gal staining-positive areas
were observed in livers of rats, which were not given any
adenoviral infusion. Based on our previous study (10-12}), we
determined that peak lacZ genc expression in the liver induced
by intravenous administration of rccombinant adenoviruses
occurred 2-7 days after administration, Therefore, we examined
facZ gene expression in the liver at day 4 after intrabiliary or
intraportal adenoviral administration. X-gal staining of liver
sections of animals that received retrograde intrabiliary
adenoviral infusion revealed that considerable areas in the
liver were blue from the staining (Fig. 1A), X-gal staining-
positive cells were seen predominantly at periportal areas,
known as Rappaport's zone |, indicating that hepatocytes
near the bile duct were infected with adenoviruses infused

499



79 KURIYAMA ¢f af: ADENOVIRUS-MEDIATED GENE TRANSFER INTO RAT LIVERS

Figure 3. Histological analysis of the liver of animals that received
intrabiliary or intraportal adenoviral administration. To examine the cytopathic
elfects of intrabiliary and inteaportal adenoviral administration, livers were
removed from rats and stained with hematoxylin and eosin when they were
sacrificed 4 days after adenoviral administration. Histological analysis of
liver sections from rats infused with adenoviruses into the common bile duct
(A) and portal vein (B) revealed mild viral hepatitis-like pathological changes.
Each group consisted of 5 animals. A repeesentative picture is shown.
Original magnification x100.

retrogradely into the common bile duct. However, a consider-
able number of hepatocytes expressing the lacZ gene were
detected in lobular arcas, the so-called zone 2 and a number
of cells cxpressing the lacZ gene were also observed even in
centrilobular areas, the so-called zone 3. Similar results were
observed when the same amount of the same adenovirus was
infused antegradely through the portal ‘vein into the liver. At
day 4 after adenoviral infusion into the portal vein, considerable
areas in the liver were blue with X-gal staining (Fig. 1B).
Although X-gal staining-positive cells were densely seen in
zone 1, they spread from zone 1 to zone 2 and a considerable
number of positive cells were also observed even at zone 3.
Although it is difficult to accurately estimate the rate of cells
expressing the lacZ gene in the liver, morphometric evaluation
of liver sections using the public domain NIH Image Program
(written by Wayne Rashand at the National Institutes of Health,
Bethesda, MD, USA) revealed that approximately 30-40% of
cells in the liver of animals infused intrabiliary with adeno-
vituses expressed the lacZ gene. Similarly, approximately
30.40% of cells were positive for X-gal staining in the liver
of animals infused intraportally with adenoviruses,

Quantitative estimation of transgene expression in the liver
induced by intrabiliary and intraportal adenoviral
administration. To quantitatively estimate the efficiency of
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Figure 4. Serum liver-related parameters of animals that received intrabiliary
or intraportal adenoviral administration. To examine the toxic effects of
intrabiliary and intaportal adenoviral administration, sera were collected
from rats when they were sacrificed 4 days alter adenoviral administration,
and sern liver-related parameters were estimated, Each bar represents the
mean % SD of 5 animals, CBL, ALT, AST and LDH represent the common
bile duct, alanine aminotransferase, asparate aminotransferase, lactale
dehydrogenase, respectively. Indicates that the difference between the groups
is statistically significant at 0.01<p<(.05,

gene transier into the liver caused by intrabiliary and intraportal
adenoviral administration, 5x10* pfu of Adex|CAlacZ
adenoviruses were infused retrogradely into the common bile
duct and antegradely into the portal vein of rats. Four days
later, livers were homogenized and B-galactosidase activity
of the homogenates was measured using the chemiluminescent
reporter gene assay system. As shown in Fig. 2, levels of
f-galactosidase activity in livers of naive rats that did not
receive adenoviral administration were quite low, Conversely,
markedly high levels of B-galactosidase activity were detected
in livers of animals that received retrograde intrabiliary and
antegrade intraportal adenoviral administration, with values
of 31,90046,400 and 34,700+5,100 pg of B-galactosidase/mg
protein, respectively. There were no significant differcnees in
B-galactosidase activity between intrabiliary and intraportal
adenoviral administration groups.

Cytopathic effects of adenoviral administration into the liver
via intrabiliary and intraportal routes. Although retrograde
intrabiliary and antegrade intraportal infusion of adenoviruses
inta rats did not cause any deaths or apparent side effects, it
has been shown that intraportal and intravenous administration
of adenoviruses provoked inflammation of the liver (3).
Therefore, we pathologically cxamined the liver of animals
that received adenoviral infusion into the liver via intrabiliary
and intraportal routes. Animals were sacrificed and livers
were removed 4 days after adenoviral administration.
Histological analysis of liver scctions of animals that
reccived intrabiliary adenoviral administration revealed that
mild viral hepatitis-like pathological changes such as mild
infiltration of inflammatory cells predominantly at zone |
and hyperplastic changes of hepatocytes (Fig. 3A). Similar
pathological changes were also observed in the liver of
animals that received intraportal adenoviral administration
(Fig. 3B). These results indicate that although mild

500



ONCOLOGY REPORTS 13: 69-74. 2005 : 73

hepatitis-like changes were caused in the liver not only by
inrabiliary, but also by intraportal adenoviral adiministration,
cytlopathic effects examined histologically were not substantial,

We then biochemically examined side effects caused by
adenoviral administration by measuring serum biochemical
parameters including liver-related ones. As shown in Fig. 4,
although serum levels of LDH were significantly clevated in
animals treated with intraportal adenoviral administration
compared with naive animals that were not given adenoviral
administration, the values were not substantially different.
Furthermore, serum levels of ALT and AST, the most
important liver-related parameters that reflect hepatic
damage, were not significantly higher in animals treated with
adenoviruses than in naive controls. Serum levels of other
liver-related biochemical parameters, such as albumin and
total bilirubin, in adenovirus-treated animals were nol
significantly different from those of naive controls (data not
shown). Serum levels of renal biochemical parameters, such
as creatinine and BUN, were also not significantly differem
among the groups (data not shown).

Discussion

Because systemic adininistration of adenoviral vectors induces
transgene expression predominantly in the liver due to their
highly hepatotrophic disposition, the current focus for Lhe
route of gene delivery is on intravenous, intra-arterial and
intrahepatic routes. One other way to transfer therapeutic
genes into the liver is via the route of the biliary tract. A gene
of interest, which is infused retrogradely into the biliary tract,
is supposed to be delivered to the liver. Importantly, retrograde
infusion of adenoviral vectors is feasible tn clinical scttings
by use of a non-invasive endoscopic method, namely
endoscopic retrograde cholangiography. In the present study,
to examine the feasibility of liver-directed gene therapy via
the biliary route, we retrogradely infused adenoviruscs
carrying a reporter lucZ gene into the common bile duct, and
compared the gene transduction efficiency and the safety with
intraportal adenoviral administration. Histochemical and
quantitative analyscs of transgenc expression demonstrated
that intrabiliary adenovirat administration could induce
transgene expression in the liver as efficiently as intraportal
adenoviral administration. Furthermore, no substantial side
effects were observed in animals that received intrabiliary
adenoviral administration.

Successful administration of adenoviruses into the liver
via the biliary tract has been shown already. Yang et af (23)
have shown that administration of 6x10'! pfu of adenoviruses
into common bile duct of rats resulted in transgene cxpression
in all of the biliary epithelial cells as well as >80% of
parenchymal hepatocytes. Peeters ef al {24) have shown that
the introduction of 5x10° pfu of adenoviruses into the biliary
tract of mice induced efficient transgenc expression in
hepatocytes. Terao et af (25) have shown that administration
of Ix10" pfu of adenoviruses into the common bile duct
of rats induced transgene expression in >30% of hepatocytes
as well as in biliary epithelial cells. Sullivan et al (26)
have administered 1x10'2 pfu of adenoviruses into the
common bile duct of a rhesus monkey and demonstrated that
approximately 10% of hepatocytes as well as many biliary
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epithelial cells expressed the transgene. In the present study,
we infused only 5x10° plu of adenoviruses carrying the faeZ
gene retrogradely into the liver through the common bile
duct. This adenoviral amount corresponds 1o 1/1200 and
17200 of the adenoviral amounts used in the rat studies
performed by Yang er eif (23) and Terao ef ef (25), respectively.
Nevertheless. cfficient transgene expression was achieved in
rat livers and approximately 30-40% ol cells in the liver
expressed the fucZ genc. Although cells expressing the
transgene were observed precdominantly in zone 1. a
considerable number of cells expressing the transgene were
also obscrved not only in zone 2, but also in zone 3. We have
shown previously that when adenoviruses were administered
into the portat or ail vein of rats, cells expressing the
transgene were observed predominantly in zone 1 (11,12).
Peeters ¢f af (24) have also shown that the intreduction of
adenoviruses into the biliary tract or portal vein of mice fed
to similar patterns ol transgene expression in the liver. These
phenomena appear to be reasonable because adenoviruscs
administered into the biliary tract, tail or portal vein reached
the liver through the biliary cpithefium and portal epithelium,
respectively, resulting in predominant transgene expression
in zone | of the liver. Taken collcctively, these results
idicate that adenoviral administration into the biliary tract
can induce efficient transgene expression in the liver.
Furthermaie, it was shown in the present study that adenovirus-
mediated gene transfer into the liver by retrograde intrabiliary
adenoviral administration did not cause any substantial side
elfects.

Our results demonstrated in the present study support the
fcasibility of administering recombinant adenoviruses to the
human biliary tract by a relalively non-invasive approach,
namely endoscopic retrograde cholangiography. This widely
practiced procedure is relatively safe, with rare complications.
In this procedure, the common bile duct is cannufated during
endoscopic visualization of the papilla of Vater of the
duodenum. In clinical practice, endoscopically-placed biliary
cannulas arc used to safely deliver radio-opaque contrast
agents to the biliary tract, and this approach should be ellective
for the infusion ol recombinant adenoviruses. It allows for
retrograde infusion of adenoviruses while antegrade outflow
can be limited by balloon-catheterization of the distal common
bile ducl. Furthermore, after the lermination of adenoviral
infusion, excessive adenoviruses ave delivered immediately
into the duodenum and excreted in the stool.

In conclusion, retrograde adenoviral administration into
the biliary tract may be a clinically practical modality for
inducing successful expression of therapeutic gencs in the
liver. Although more investigations should be performed to
establish uscful genc therapy with adenoviruses, our results
support the feasibility of gene therapy by means of adenoviral
vectors. Furthermore, the resulis demonstrated here may
have important implications lor cfficacy considerations
when adenoviral vectors are employed in clinical settings.
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Successful laparoscopic radiofrequency ablation of
hepatocellular carcinoma adhered to the mesentery
after transcatheter arterial embolization
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Abstract, A 54-year-old male with hepatocellular carcinoma
(HCC) underwent transcatheter arterial embolization (TAE)
at a nearby hospital. He was then referred to our hospital for
the purpose of additional treatment of HCC. Because TAE
was not a complete therapy and HCC was growing and
protruding from the left lobe of the liver, laparoscopic radio-
frequency ablation (RFA) was chosen for the trealment of
HCC. After inserting a laparoscope into the abdominal cavity,
it was observed that HCC unexpectedly adhered to the
mesentery as a result of TAE performed previously, After
cuiting off the adhered mesentery and removing it from the
lumor, the combination therapy of percutaneous ethanol
injection and REA (PEI-RFA), developed at our department,
was performed on the tumor, The wumor was successfully
abrogated by PEL-RFA and the sufficient safcty margin was
confirmed by computed tomography after the treatment.

Introduction

Hepatocellular carcinoma (HCC) is one of the most serious
malignancies worldwide. Tumor ablation technologies such
as microwave, laser and radiofrequency have been shown to
be reliable and effective for inducing thermally-mediated
coagulation necrosis of primary HCC (1-4} and metastatic
liver cancer (5,6). However, the effect of RFA is thought to
be limited, and much effort has been made to enhance
coagulaled necrosis areas by the combination of RFA therapy
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1750-1 lkenobe, Miki-cho, Kita-gun, Kagawa 761-0793, Iapan
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with other treatment modalities (7-13). Recently, we developed
a novel combination therapy of percutaneous ethanol injection
(PED) and RFA (PEI-RFA) and reported that this combination
therapy could induce larger coagulated necrosis without
adverse events or much effort (16-18). Furthermore, we further
developed this combination therapy under a laparoscopic
approach for the treatment of HCC located on the surface of
the liver and protruding from the liver. These kinds of tumors
are thought to be difficult to treat under a percutaneous
approach because of a high risk of bleeding from the tumor,
We report here a rare case of HCC adhered to the mesentery
after the treatment of TAE and successfully treated with
laparoscopic PEI-RFA.

Case report

A 54-year-old male was referred to our hospital for the
purpose of additional treatiment of HCC {ocaied in the left
lobe of the liver, He had a hepatitis C virus (HCV) infection
in 1994 and received interferon (IFN) therapy for 24 weeks
to eradicate HCV. However, the infected virus was not
cleared by the IFN therapy, and the patient has not been
thereafter followed-up with his Jiver function due to not
altending the hospital for 9 years. He continued the habit of
drinking 300 ml of Sake per day for >30 years. Because of
the HCV infection and drinking habit, his hepatic reserve
was impaired upon admission to our hospital. The laboratory
data showing liver function and hepalic reserve were as
loliows: albumin, 2.7 g/ul; total bilirubin, 0.9 mg/dl; aspartate
aminotransferase, 71 U/l; alanine aminotransferase, 52 U/,
platelet; 390,000/pl, hepaplastin test, 47%; prothrombin
time, 57%. In November 2003, he went to a ncarby hospital
for blood examination and abdominal ultrasonography (US)
because of general fatigue. A space-occupying lesion (SOL)
of 2 cm in diameter was found in the $3 region of the lefl
lobe of the liver. By dynamic computed-tomography (CT),
this tumor showed enhancement in the early vascular phase
and the defect in the late phase, resulting in the diagnosis of
HCC. He underwent transcather arterial embolization (TAE)
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Figure 1. Contrast-enhanced CT (early phase) of HCC of the 53 region of the liver before the laparoscopic PEI-RFA. Lipiodol deposit was observed
homogeneously in the entire region of the tumorous lesion. A tiny nodule showing the early enbancement was also detected on the surface of the S4 region of

the liver {arrow}.

Figure 2. The US echogram of the tumor of 83 region. The HCC was
visualized as a round-shaped tumor and located immediately on the pancreas.
A tiny HCC in the $4 region was not deteeted by the US before treatment.

for the treatment of HCC at the hospital before referral to our
hospital. Dynamic CT taken at our hospital showed Lhat
lipiodel was homogeneously accumulated in the HCC located
in the §3 region of the liver {Fig. 1A and B). Another tiny
nodule showing early enhancement was also found on the
surface of the S4 region of the liver (Fig. 1). Only the tumor
in the S3 region was visualized as round-shaped by US
(Fig. 2), and it was located immediately on the pancreas, The
tiny tumor located in the 84 region could not be scen by US.
Both tumots were present on the surface of the liver and TAE
was not considered to be sufficient to destroy the tumorous
region. Hepatic reserve was loo impaired to receive an
operative treatment, and ablation under a percutanecus
approach was considered to be risky because the tumor was
very close to the mesentery and the pancreas. Therefore,
laparoscopic approach was chosen, and PEI-RFA, newly

developed at our department for enhancing the therapeutic
elfect, was adopted for the treatment of HCC. After inserting
the laparoscope into the abdominal cavity, the iipiodol
deposit was observed on the surface of the left lobe of the
liver, but the deposilt did not cover the whole area of the
tumor and was observed as a spotty avea (Fig. 3A). The
tumor was lifled by a sound inserted from the right abdomen,
then the adhered mesentery under the tumor was also lifted,
and Tinc blood vessels frem the mesentery Ilowing into the
tumor were observed (Fig. 3B). Rapid-frozen sections
prepared from the biopsy specimen taken from the surface of
the twinor revealed the existence of viable HCC cells. HCC in
the S4 region was also detected laparoscopically as a slightly
protruding tumor from the surface of the liver (Fig. 3C).
With regard to HCC in the 83 region, il appeared risky to
ablate the tumor together with the adhered mesentery.
Therefore, the adhered mesentery was cut off by the cutter
(End GIA Universal, Surgical Company, USA) (Fig. 3D),
and then the REA elecirode was firstly inserted into the
center of the tumor, monitoring the depth of the inserted
electrode by the linear type US. A 21-gauge PEI necdle was
inserted beside the electrode and & ml of ethanol (99.8%) was
injected slowly into the tumor. Immediately after injection,
RFA was started at 30 W, and the power output was stepwise
increased to 80 W. Ablation was performed for a total of 13
min {Fig. 3E). During ablation, the tumor was constantly
lifted by a sound to prevent the transmission of heat to the
mesentery. It should be noted that no {luid conlaining tumor
cells was spilled from the ablated tumor, indicating that the
PEI:RFA developed at our department was a safe treatment
modality even when performed by routine percutaneous
approach. With ablation, the color of the tumor changed to
yellow, and the tumor was atrophied by vaporization (Fig.
3E). Thereaftcr, relatively small-sized HCC located in the 54
region was also suceessfully treated with PEI-RFA (Fig. 3F).
Abdominal dynamic CT taken after the operation clearly
showed that the ablated region reached beyond the lipiodol
deposil. and the area of safety margin was sufficiently
vbtained by laparoscopic PEI-RFA (Fig. 4).

Discussion
RFA technique has become the mainstream of non-surgical

treatment modalitics for liver tumer in clinical settings (3).
To cnhance the therapeutic effect, several innovations

504



ONCOLOGY REPORTS 13: 65-68. 2005 67

Figure 3. Laparoscopic observation of the tumor located on the surface of the $3 region (A) and 54 region (C). The spotted lipiodel deposit was ehserved on
the surface of the tumor in the 33 region (A). The tumer of the $3 region was lifled by a sound inserted from the right abdomen, then the adhered mesentery
under the tumor was also lifted, and fine blood vessels from the mesentery flowing into the tumor were observed (B). HCC of the $4 region was  tiny nedule
and no lipiodel depesit was observed on the tumer, The adhered mesentery was eut off before PEI-RFA treatment (D). For HCC on the surface of the $3
region of the liver, a PEI needle was firstly inserted into the center of the tumor and the RFA electrode was inserted beside the PEI needle, [mmediately after
injecting a high concentration of ethanol (99.8%) through the PEL needle, RFA was performed. During ablation, the tumor was kept lifted by a sound to
prevent the transmission of heat to the mesentery. The color of the tumor's surface changed fram red and white to yeltow (E). For HCC on the surface of S4
region, PEI-RFA was also performed, The color of the tumor changed from red to yellow, and the tuinor was swollen during ablation (F).

Figure 4. Contsast-enhanced CT of the tumors after treatment. The low density area around the lipiodol deposit of HCC (S3 region} was observed, indicating
the safety margin area was obtained by laparoscopic PEI-RFA (A-C). The HCC on the $4 region was destroyed by treatment, and whole regicn of the tumor

changed to the low density area (A).

have been attempted as additional treatments on RFA
(9-12,15,20,21). We have developed a novel combination
therapy of PEI-RFA and reported that this combination
therapy was more effective than RFA alone for inducing
largely-cnagulated necrosis in human (16-18) and bovine
livers (19). Recently, we applied this combination therapy to
taparoscopic approaches, especially for HCC locating on the
surface of the liver and protruding from the liver. These
tumors are easy to access through a laparoscopic route. In
addition, sufficient abiation under high power output control
is possible, because laparoscopic PEI-RFA is done under
general anesthesia, not a Jocal one. In the case presented
herc, the tumor was located on the surface of the S$3 and S4
regions of the liver and appeared to be good targets of
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laparoscopic PEI-RFA. Onc extraordinary and interesting
finding of this case was that the twmor unexpectedly adhered
to the mesentery, probably due to the TAE performed
previously. Furthermore, feeding fine blood vessels flowing
from the mesentery into the adhered tumor were observed.
To our knowlcdge, there are no reported cases with HCC that
adhered (o the mesentery after TAE, and this may be the first
descriptive report of such HCC wreated with PET-RFA. If the
temor had not adhered to the mesentery, the treatment would
have been performed more easily than the method done in
the current study. Therefore, this case suggests that TAE may
not nccessarily be a good modality as a first-line treatment
for tumors located on the surface of the liver and bordering

the mesentery. |
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Genetic Polymorphisms Influencing Xenobiotic

Metabolism and Transport in Patients With Primary

Biliary Cirrhosis

Yasuhiko Kimura,"? Carlo Sclmi,'* Patrick S. C. Leung,' Tin K. Mao,! Joseph Schaver,' Mitchell Watnik,*

Shigeki Kuriyama,” Mikio Nishioka,’ Aftab A. Ansari, Ross L. Coppel,” Pietro Invernizzi 3
Mauro Podda,? and M. Eric Gershwin!

Epidemiological data suggest that environmental factors may trigger autoimmunity in ge-
netically susceptible individuals. In primary biliary cirrhosis (PBC), it has been postulated
that halogenated xenobiotics can modify self-molecules, facilicating the breakdown of tol-
erance to mitochondrial antigens. The transport and metabolism of xenobiotics is highly
dependent on key genetic polymorphisms that alter enzymatic phenotype. We analyzed
genomic DNA from 169 patients with PBC and 225 geographically and sex-matched healthy
subjects for polymorphisms of genes coding for cytochromes P450 {CYPs) 2D6 (CYP2DG*4,
CYP2D6*3, CYP2D6*S, and CYP2D6*6) and 2E1 (cl/c2), multidrug resistance 1 (MDR1
C3435T) D-glycoprotein, and pregnane X receptor (PXR C-25385T, C8055T, and
A7635G). We compared the genotype frequencies in patients and controls and also corre-
lated polymorphisms with PBC severity, The distributions of the studied genotypes did not
significantly differ between patients and controls. However, when clinical characteristics of
patients with PBC were compared according to genotype, the CYP2EL c2 allele was associ-
ated with signs of more severe disease. In conclusion, genetic polymorphisms of CYP 2D6

and 2E1, PXR, and MDR1 do not appear to play a role in the onset of PBC. (HEPATOLOGY

2005;41:55-63.)

he etiology of primary biliaty cirthosis (PBC) re-
mains elusive, but recent data suggest thar the
breaking of tolerance to the highly conserved
2-oxoacid dehydrogenase complex lipoylated domains of

Abbseviations: PRC, primary biliavy cirrhosis; CYP, eyrochrame PA50; MDR.
nultidrug resistance; PXR, pregnane X receptor; AMA, antimitochondrial anii-
body; SNP, single nucleotide polymarphisn; PM, poor mietabolizer; PGP, P-glyco-
protein; PCR, polymerase chain reaction.
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the mitochondrial autcantigen could result from molec-
ular mimicry initiated by an immune response directed
toward xenobiotic structural analogues of lipoic acid.! For
example, sera from patients with PBC present antimito-
chondrial antibodies (AMAs) recognizing a number of
synthetic structures that mimic a xenobiotic-modified li-
poyl hapten conjugated to a peptide from the E2 subunit
of the pyruvate dehydrogenase complex.? In addition,
rabbits immunized with a xenobiotic (6-bromohexano-
ate) bovine serum albumin conjugate produce immuna-
globulin G auroantibodies that react not only with
xenobiotic but also self-reactive AMAs.3 Alchough many
genetic factors conferring susceptibility ro PBC have been
suggested in population and family studics,*s no defini-
tive genetic association with the onset of the disease or its
outcome has yet been found. The liver is the primary
organ involved in the metabolism and disposition of for-
eign chemicals. In such an environmenc, chemicals
and/or their reaccive metabolites may modify cellular pro-
teins to form neoantigens.® The recent findings of a pos-
sible role of molecular mimicry prompted us to determine
whether polymorphisms in the genes involved in xenobi-
otic metabolism could contribute to the pathogenesis of
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Tahle 1. Characteristics of Patients With PBC at Time of Enrollment

pPeC

All Patlenis_ Early Disease Advanced Disease

{n = 169) n=1TT) (n = 92) P Value
Female sex (n) 153 (91%) 68 (88%) 85 (92%) NS
hge at enrgliment (yr) 62 * 12 58 *+ 12 66 + 11 < .001
Disease duration {mo) 124 = 72 90 + 51 152 £ 75 < .001
AMA-positive {n) 139 (82%) 61 (79%) 78 (85%) NS
Total bilirubin {mg/dL) (nv, < 1.0) 1.6 * 32 0.7 * 035 24 * 42 < .001
Albumin {g/dL) {n.v. >3.5) 4.2 * 09 49 + 0.7 37 % 07 << .001
Prathromgin time (INR) {n.v. < 1.2) 1.04 = 017 099 * 0.08 108 + 021 .00t
With ascites (n) 22 {13%) 0 22 (24%) < 001
Mayo score 5.7 & 1.4 47 = 07 65 * 14 < .00t

MOTE. Continvous varlables are expressed as the mean * SD.

Auhreviations: NS, not significant; INR, intemational normalized ratio; n.v., normal value.

PBC by genotyping a large population of patients with
PBC and controls searching for a range of single nucleo-
tide polymorphisms (SNPs). In particular, we decided to
concentrate our efforts on mechanisms controlling the
absorption of xenobiotics from the intestinal lumen, as
well as their secretion into the bile (multidrug resistance 1
[MDRI]). Moreover, we were interested in analyzing the
enzymes directly responsible for the metabolism of exog-
enous compounds (cytochromes P450 [CYPs}) or influ-
encing the activity of the latter enzymes through
regulation of their transcription {pregnane X receptor
[PXR]).

Within the group of CYDs, CYP2DG6 (debrisoquine/
sparteine hydroxylase) is involved in the metabolism of
approximately 20% of drugs.” Several coding genetic
polymorphisms have been identified that are associated
with significant reduction of drug metabolism rates 7n
vivo and in vitro; these are known as “poor metabolizers”
(PMs).# In particular, the PM phenotype is found in as
many as 10% of Caucastan subjects® and is most com-
monly due to the presence of null alleles for single base
pair - mutations (CYP2D6*3, CYP2D6*4, and
CYP2D6*6, among others) or delerion of the whole gene
(allele CYP2D6*5).7 As such, four alleles—CYP2D6*3,
CYP2D6*4, CYP2D6*5, and CYP2DG*6—account for
93% to 97% of the PM phenotypes in Caucasians.'®

CYP2E1 metabolizes several compounds, including
ethanol, estrogenic metabolites, and halothane, and its
activity is altered by nicotine.!! These characteristics
make this enzyme particularly interesting in PBC because
of a striking female predominance.'? Furthermore, PBC
shares several characteristics (including the presence of
serum AMAs) with halothane-induced hepatitis,'> and s
diagnosed more commonly among smokers.'" A specific
genetic polymorphism of CYP2E1 (Rsal restriction poly-
morphisms alleles c1/¢2) has been widely investigated*s
and is associated with reduced activity per se'6 or altered

phenotype following interaction with specific compounds
{e.g., ethanol or isoniazid), despite similar baseline activi-
ty.17"8

The MDR1 gene encodes for the P-glycoprotein
(PGD), a molecule that controls che cellular trafficking of
substrates such as bilirubin and cancer drugs. In particu-
lar, PGP plays a role in excreting toxic xenobiotics and
metabolites into the intestinal lumen as well as urine and
bile. Although multiple mutations have been identified in
MDRI, the exon 26 C3435T SNP is of special interese
because of its association with a lower PGP expression in
the intestine.!® It has also been suggested that the
C3435T SNP might be assoctated with susceptibility to
ulcerative colitis,?® although the latter observation was
not confirmed in another study.!

PXR is a nuclear receptor for steroid hormones and
select xenobiotics whose activity regulates the expression
of CYP3A4 and MDRI in the liver and intestine. Impor-
tantly, there is an association of specific PXR SNPs with
the CYP3A4 phenotype.22 We report the prevalence of
CYP2D6*4, CYP2E1 cl/c2, MDR1 C3435T, and PXR
(C-25385T, C8055T, A7635G) polymorphisms in pa-
tients with PBC and controls and have identificd a corre-
lation between CYP2EID cl/c2 genocype and disease

severity.

Patients and Methods

Patients. A total of 169 Ttalian patients with PBC
who attended the Liver Unir at San Paolo Hospital (Mi-
lan, Iraly) were enrolled in the study (Table 1). The diag-
nosis of PBC was based on internationally accepted
criteria, 326 and the AMA status of each patient was ver-
ified via indirect immunofinorescence. Of these 169 pa-
tients, 30 (18%) were AMA negative and 139 (82%) were
AMA positive. All patients were negative for hepacitis B
sutface antigen and antibodies to hepatitis C virus and
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denied alcohol abuse during the previous 12 months. The
disease duration was calculated as the time berween the
dare of the earliest recorded evidence of liver disease and
the date of blood sampling. The latter evidence was de-
rermined through an extensive search of all laboratory
dara for alterations in cholestasis indicators (alkaline
phosphatase > 1.5 normal values with or withouc alcered
y-glutamyltransferase). All patients had undergone liver
biopsy during the 12 months before blood sampling, Pa-
tients who did noc have fibrosis according to liver histol-
ogy {i.e., Stages [-11 according to Ludwig et al.25) were
considered to have early-stage PBC, Patients with liver
fibrosis or cirrhaosis (.e,, Stages -1V according to Lud-
wig et al.?), patients who had a history of 2 major com-
plication from cirrhosis (e.g, ascites or gastrointestinal
bleeding caused by portal hypertension), and patients
who had undergone orthatopic liver transplantation for
PBC were considered to have advanced-stage PBC. Ad-
vanced disease was found in 92 individuals (54.4%).
Based on age, serum bilirubin and albumin, prothrombin
time, and the presence ofascites, the Mayo score, the only
validated prognostic index in PBC,2¢ was calculated at the
time of blood sampling or orthotopic liver transplanta-
tion. Two hundred twenty-five healthy subjects (blood
donors} geographically and sex-matched with patients
with PBC were used as a conrtrol population. Namely, 4
matched controls were obtained for every 3 patients. The
study protocol followed the ethical guidelines of the most
recent Declaration of Helsinki (Edinburgh, 2000); all pa-
tients provided written informed consent,

Genotyping. Whole blood samples were obrained
from each patient and control and stored at —20°C
before DNA extraction. DNA extraction was per-
formed using a commercially available kit (Instagence
Matrix; Bio-Rad Laboratories, Segrate, Italy). SNP ge-
notypes were determined with polymerase chain reac-
tion (PCR)/restriction fragment length polymorphism
or the TagMan SNP detection system (Applied Biosys-
tems, Foster City, CA).

CYP2D6. CYP2DG*3 (2549A deletion) and CYP2D6*6
(1707T deletion) variants were analyzed using TagMan-
based methods. Amplification was performed using Taq-
Man universal master mix (Applied Biosystems) and 40X
primers (forward 5’-CCTGACCCAGCTGGATGAG-3',
reverse 5'GCCAGGAAGGCCTAGT-3' for CYP2D6*3
and forward 5-GGGCCTGGGCAAGAAGTC-3', re-
verse 5'-CGAAGGCGGCACAAAGG-3’ for CYP2DG*6)
and allele-specific  probes (VIC-ACTGAGCACAGG-
ATGA-8NFQ, FAM-TAACTGAGCACGGATGA-8NFQ
for CYP2D6*3 and VIC-CACCCACTGCTCCAG-8NFQ,
FAM-TCACCCCTGCTCCAG-8NFQ for CYP2D6*6).
PCR amplification included one cycle at 95°C for 10 min-
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1 2 3 1 2 3
B cyp2E] JCMDR-I

A CYP2D6

Fig. 1. Restriction fragment length polymorphism analysis of LY
CYP2DE G19344, (B) CYP2E1 ¢1/c2, and (C) MDR1 C3435T SNPs. PCR
praducts of CYP2D6, CYP2E?, and MDR1 were digested with restrictian
enzymes BstNI, Rsal, and Sau3Al, respectively, and rescived via agarose
gel electrophoresis. Restrigtion fragment pattems were scored as: (A)
non-CYP2D6*4 homozygotes (77, 161, and 183 bp) in lane 1, heterozy-
gous in lane 2, or CYP2D6*4 homazygous (77 and 344 bp) in lane 3:
(8) CYP2EL wild-type homozygous ¢1/cI (360 and 50 bp) in lane 1,
heterozygous c1/c2 in lane 2, or mutant-type homozygous ¢2/¢2 (410 ¢
bp) in lane 3; and (C) MDR? homozygous 1T (197 hp) in lane 1,
hetetozygous CT in lane 2, or homozygous CC (158 and 39 bp) in lane
3. CYP, cytochrome P450; MDR, multidrug resistance.

utes followed by 40 cycles of 92°C for 15 seconds and 65°C
for 1 minute. Allelic discrimination was performed on the
post-PCR product by the 7900HT Sequence Detection Sys-
tem (Applied Biosystems). The presence of homozygosity
for the CYP2D6*5 allele (deletion of the whole gene) was
determined as described previously.?”

The CYP2D6 G1934A SNP (CYP2D6*4) was inves-
tigated as described by Brown et al.# Briefly, using primer
pairs 5-GGTGTTCCTCGCGCGCTATG-3' and 5'-
CTCGGTCTCTCGCTCCGCAC-3', DNA amplifica- .
tions were performed with the PCR System 9700
(Applied Biosystems). PCR amplification consisted of an
initial denaturation for 5 minutes at 94°C followed by 35
cycles of denaruration at 94°C for 1 minute, annealing at
60°C for I minute, and extension at 72°C for 1 minute.
The terminal elongation was performed at 72°C for 7
minutes. PCR products were digested with restriction en-
zyme BuNI (New England BioLab, Beverly, MA) over-
night at 60°C, resolved in 3% agarose in Tris-acetate
buffer, and visualized using ulcraviolet ethidium bromide
staining. Based on the pattern of the detected bands, re-
striction fragment patterns were scored as CYP2DG6*4
homozygous (77 and 344 bp), non-CYP2D6*4 homozy-
gous (77, 161, and 183 bp), or heterozygous (Fig. 1).

CYP2EI clfc2. CYP2EI cl/c2 SNP was investigaced
as described by Choi et al.2® Briefly, using primer pairs
5'-CCAGTCGAGTCTACATTGTCA-3' and 5'-
TTCATTCTGTCITCTAACTGG-3', DNA amplifi-
cation was performed wich an initial denaturation of 4
minutes ac 94°C followed by 34 cycles at 94°C for 60
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seconds, 60°C for 60 seconds, and 72°C for 60 seconds.
The terminal elongation was performed at 72°C for 4
minutes. PCR praduces were digested with restriction en-
zyme Rsal (Invitrogen, Carlsbad, CA) ac 37°C for 3 hours,
resolved on 3% agarose gels in Tris-acetate buffer, and
visualized with ethidium bromide staining. Based on the
size of detected bands, samples were identified as either
wild-type homozygous cl/cl (360 and 50 bp), murtanc-
type homozygous c2/c2 (410 bp), or heterozygous c1/c2
(see Fig. 1).

MDRI C3435T. The MDRI1 C3435T SNP was de-
termined as described by Cascorbi et al.* Briefly, using
primer pairs 5'-TGTTTTCAGCTGCTTGATGG-3'
and 5'-AAGGCATGTATGTTGGCCTC-3', DNA
amplification was performed with an initial denaturation
of 2 minures at 94°C followed by 35 cycles of 94°C for 30
seconds, 60°C for 30 seconds, and 72°C for 30 seconds.
The terminal clongation was performed at 72°C for 7
minutes, PCR products were digested with restriction en-
zyme Sau3Al (New England BioLab) overnight at 37°C,
resolved on 3.8% agarose gels in Tris-acetate buffer, and
visualized with ethidium bromide staining. Based on the
size of the detected bands, samples were identified as C/C
homozygous (158 and 39 bp), T/T homozygous (197
bp), or heterozygous (Fig. 1).

PXR. Three PXR SNDPs—C-25385 T, A7635G, and
C8055T—were analyzed using a TagMan-based method.
Using the TagMan universal master mix and 40X assay mix
including primers and probes 5-ACCACGATTGAG-
CAAACAGGTA-3', 5'-ACCTGAAGACAACTGTG-
GTCATT-3', VIC-TCCCAGGTTCTCTTTT-8NFQ,
and FAM-TCCCAGGTTTTCTTTT-8NFQ (Assays-by-
Design; Applied Biosystems), the PXR C-25385T SNP was
determined. PCR amplification consisted of one cycle at
95°C for 10 minutes followed by 40 cycles of 92°C for 15
seconds and 65°C for 1 minute. Allelic discrimination was
petformed on the post-PCR product using the 7900HT Se-
quence Detection System (Applied Biosystems). Potentially,
there were four clustets of points that corresponded to the
three genotypes (CC, CT, TT) or to no amplification. Sim-
farly, PXR A7635G SNP was analyzed using primers
and probes 5'-CACAGTCATCCTCAGGGAAAGG-3',
5'-CAGCCATCCCATAATCCAGAAGT-3', VIC-CTC-
TTCCTCTCACCCCCA-8NFQ, and FAM-CTTC-
CTCTCGCCCCCA-8NFQ. PXR- C8055T SNP was
analyzed using primers and probes 5'-GGGATGATTA-
GATCTTGGTCAGCTT-3", 5'-CTGGAAGCCACCT-
GTGGAT-3', VIC-CCCCTCCATCCTGTTAC-8NFQ',
and FAM-CCCCTCCATTCTGTTAC-8NFQ'.

Statistical Analysis. Fisher exact tests were used for
the analysis of categorical variables. In the case of contin-
uous variables, the Mann-Whitney U test was used to

HEPATOLOGY, January 2005

compare two groups, and the Kruskal-Wallis nonpara-
metric one-way ANOVA was used to compare more than
two groups. In the presence of statistically significant dif-
ferences in categorical variables, odds ratios and 95% con-
fidence intervals were calculated, and P values were
corrected for age ar enrollment and duration of disease.
Statistical comparisons wete made using Stata Staristical
Software (Stata Corp., College Station, TX) or SAS (SAS
Instirute Inc., Cary, NC). All of the analyses were two-
sided, and P values of less than .05 after correction were
considered statistically significant.

Results

CYP2D6. The CYP2DG*4 allele frequencies in pa-
tients with PBC and controls are shown in Table 2. The
obtained genotype frequencies corresponded to the Har-
dy-Weinberg equilibrium in our healthy Caucasian sam-
ple. Among 169 patients with PBC, 3 (2%) were found to
be homozygous for the murtant allele (*4/*4), 118 (70%)
were homozygous for the wild-type allele (N/N), and 48
(28%) were heterozygous (*4/N). No significant differ-
ences were observed between patients and controls in the
frequencies of CYP2D6 genotypes. When the clinical
characteristics of patients with PBC were analyzed ac-
cording to the presence of the CYP2D6*4 allele (Table 3),
no significanc differences in genotype distributions were
observed for age at enrollment, disease duration, or AMA
status, Patients carrying the *4 allele presented signs of a
slightly more advanced disease as indicated by higher
prevalence of ascites (22% vs. 9%, P = .03 1 after correc-
tion for age and disease duration); higher but nonsignifi-
cant toral bilirubin levels (2.2 £ 4.3 vs.1.4 & 2.7; Pvalue
not significant) were also observed. Moreover, the pres-
ence of the *4 allele was found to be associated with ascites
{odds ratio, 2.76; 95% CI, 1.1-6.92). Dara obtained from
a preliminary study of CYP2D6*3 and CYP2D6*6
showed low allele frequencies in both patients (n = 90;
51180 for CYP2DG*3 and 1/180 for CYP2D6*6) and
controls (n = 90; 0/180 for CYP2DG6*3 and 6/180 for
CYP2D6*6). A similar preliminary study showed that
homozygous CYP2D6*S was not found in 80 patients
with PBC and 80 controls. Based on these findings, fur-
ther genotyping for these variants was not performed.

CYP2E1 cl/c2. The CYP2EI genotype and allele fre-
quencics among patients with PBC and controls are shown
in Table 2. The obrained genotype frequencies corresponded
to the Hardy-Weinberg equilibrium in our healthy Cauca-
sian sample. 159 (94%) of 169 patients with PBC were
found to be homozygous cl/cl and 10 (6%) heterozygous
cl/c2. No significant differences were observed berween pa-
tients and controls in the frequencies of CYP2E1 genotypes.
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Table 2. Distributlon of CYP2D6, CYP2E1, and MDR? Genotypes and Alleles In Patlents With PEC and Controls
PBC
Advanged
Controls Tatal Early Disease Disease
CYP206
N/N 1647225 (73%) 118/169 {70%) BT/TT (T4%) 61/92 (66%)
4N 57/225 (25%) 48/169 (28%) 19/77 (25%) 29/92 (32%)
*4/%4 47225 (2%) 3/169 (2%) 1/77{1%) 2/92 (2%)
*4 gliele frequency 0.144 0.159 0.136 0.179
CYPaEl
C1/C1 212/223 (95%) 159/169 (94%) 76/77 (99%)* 83/92 (90%)*
c1/C2 97223 {4%) 10/169 (5%) 1777 (1%) 9/92 (10%)
C2/02 2/223(1%) 0 0 0
C2 allele frequency 0.029 0.033 0.006 0.049
MDR1
3435 C/C 60/225 (27%) 47/169 (28%) 23/77 (30%) 24/92 (26%)
3435 C/T 110/225 (49%) 88/169 (52%) 39777 (51%) 49/92 (53%)
3435 T/T 55/225 (24%) 34/169 (20%) 15/77 (19%) 19/92 (21%)
T allele frequency 0.488 0.461 0.448 0.472

“P = (.043 after comection for age and disease duration; odds ratio 11.39 {95% CI 1.09-119.47) for c1/c2 genotype determining advanced disease.

When patients with PBC were analyzed according to disease
stage, the frequency of the cl/c2 genotype was found to be
significantly higher in advanced-stage PBC compared with
carly-stage PBC (P = .043 after correction for age and dis-
ease duration). Moreover, the presence of the ¢2 allele was
found to be associated with advanced disease (odds ratio,
11.39; 95% CIL, 1.09-119.47). When the clinical character-
istics of patients with PBC were analyzed according to the
presence of the c2 allele (Table 4), patients with this allele
-presented signs of more advanced disease as indicated by
higher total bilirubin levels (3.6 = 5.3 vs. 1.5 & 3.0; P =
054), lower serum albumin levels (3.6 0.9 vs. 4.3 * 0.8;
P = 036 after correction for age and disease dutation), and
higher Mayo score values (6.9 % 1.9vs, 5.6 + 1.4; P= 015
after correction for age and discase duration).

MDRI C3435T. The MDRI C3435T genotypes
and allele frequencies among patients with PBC and con-
trols are shown in Table 2. The obtained genotype fre-

quencics  corresponded  to  the Hardy-Weinberg
equilibrium in our healthy Caucasian sample. Forry-seven
(28%) of 169 patients wich PBC were found to be ho-
mozygous C/C, 34 (20%} were homozygous T/T, and 88
(52%) were heterozygous C/T. No significant differences
were observed between patients and controls in the fre-
quencies of MDRI genotypes. No significant differences
in genotype distributions were observed hetween patients
with early and advanced disease (T allele frequency 0.442
in early discase vs. 0.473 in advanced disease) nor in the
clinical characteristics across the three genotypes (data not
shown).

PXR. The PXR1 C-25385T genotypes and allele fre-
quencies among patients with PBC and controls are
shown in Table 5. The obtained genotype frequencics
corresponded to the Hardy-Weinberg equilibrivm in our
healthy Caucasian sample. Seventy-two (43%) of 167 pa-
tients with PBC were found to be homozygous C/C, 24

Table 3. Clinical Features of Patients With PBC and the Presence of the CYP2D6*4 Allele

*4/N + *4/%4 P Value
N/N (n = 118) {n = 51) (Corrected)
Female sex (n} 106 {90%) 47 (92%) NS
Age at enrollment (yr) ’ 62 * 13 62 £ 11 NS
Disease duration {mo) 122 £ 71 127 + 76 NS
AMA-pasitive (n} 99 (84%) 40 (78%) NS
Total bilirubin {mg/dL) (nv. < 1.0 14 + 27 22 £ 43 194
Albumin (g/d0) {n.v. >3.5) 43 * 09 42 + 08 NS
Prothrombin time (INR) {nv. < 1.2) 1.04 * 0.18 103 £ 0.14 NS
Ascites (n) 11 (9%) 11 (22%) 031 (.031)*
Mayo score 56 * 1.4 59 + 15 NS

NOTE. Continuaus variables are expressed as the mean + SD.

Cnly P values below .2 for the comparisan between patient groups are reported before and after comrection for age and disease duration,
*0dds ratio 2.76 (95% Cl, 1.1-6.92) for *4 alfele determining the prasence of ascites.
Abbreviations: NS, not significant; INR, international normalized ratio; n.v., nemmal valus.
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Table 4. Clinlcal Features of Patients With PBC and the Presence of the CYP2E1 ¢2 Aflele

cl/cl (n = 159)

cl/¢2 {n = 10) P Value {Correctad)

Femate sex (n) 143 {90%) 10 {100%) NS
Age at enrollment {yr} 62 > 12 64 * 13 N3
Disease duration {mo) 122 * 69 165 + 112 NS
AMA-pasitive (n} 131 {82%) 3 (80%) NS
Total bilinsbin (mg/dl) (nv. < 1.Q) 15 * 30 36 £ 53 054
Albumin (g/dL) {av. > 3.5) 43 + 09 36 £ 09 011 (.036)
Prathrombin time (INR) (nv, << 1,2) 103 £ 0.16 1.13 * 0.20 109
Ascites (n) 19 {12%) 3 (30%) 125
Mayo scors 56 * 1.4 69 * 19 .011 (.015)

NOTE, Continuous variahtes are expressed as the mean X 5D. Only P values belaw .2 for the comparison between patient groups are reported before and after

correction for age and disease duration.

Abbreviations: NS, not sigrificant; INR, international normalized ratio; n.v., normal value.

(14%) were homozygous T/T, and 71 (43%) were het-
erozygous C/T. No significant differences in genotype
distribution were observed between patients and controls
not between patients with early and advanced disease.
Similarly, no significant differences were found in the
clinical features of patiencs with different genotypes (data
not shown).

The PXR A7635G genotypes and allele frequencies
among patients with PBC and controls are shown in Ta-
ble 5. Twenuy-eight (28%) of 100 pacients with PBC were
found to be homozygous A/A, 19 (19%) were homozy-
gous G/G, and 53 (53%) were heterozygous A/G. This
genotype distribution was similar to what was observed
among controls. Patients with PBC presented similar
clinical characteristics actoss the three genotypes (data not
shown).

The PXR C8055T genotypes and allele frequencies
among, patients with PBC and controls are shown in Ta-
ble 5. No significant differences were observed between
patients and controls in the frequencies of C8O55T geno-
types nor between patients with early and advanced dis-
ease. When the clinical characteristics of patients with
PBC were analyzed according to their PXR genotypes,

similar features were encountered in all groups (data not
shown).

Discussion

.We investigated several key SNPs of CYP2D6,
CYP2E1, MDRI, and PXR in patients with PBC and
geographically and sex-matched controls to determine if
particular alleles contribute to a link berween xenobiotics
and PBC. We did not identify an association between
such alleles and PBC. In addition, we correlated the ge-
notypes of the investigated genes with histological stages
and other clinical and biochemical features of patients in
a cross-sectional fashion and identified a significant asso-
ciation of the frequency of CYP2E1 c2 aliele with PBC
severity. Our series, one of the largest series of PBC cases
ever penotyped for candidate genes, included an unusu-
ally high frequency of AMA-negative patients, but in all
cases the diagnosis was verified as described hercin. More-
over, data from AMA-negative patiencs were similar to the
AMA-pasitive group. Indeed, our comparisons (between
patients and controls as well as among affected individu-
als) should therefore be regarded as statistically powerful.

Table 5. Distributlon of PXR Genotypes and Alleles In Patients With PBC and Controls

=1
Controls Total Early Disease Advanced Disease

—24385 C/C 76/225 (34%) 72/167 {43%) 36/ 77 (47%) 36/90 (40%)
—24385¢/T 1197225 (53%) T1/167 {(43%) 3177 (40%) 40790 (44%)
—24385 /T 307225 (13%) 247167 (14%) 10/77 (13%) 14/90 {16%)
—24385 T allele frequency 0.397 0.356 0.331 0.378

7635 A/A 32/102 {31%) 28/100 {28%) 12/42 (29%) 16/58 (28%)
7835 A/G 49/102 (49%) 53/100 (53%) 25/42 (59%) 28/58 (48%)
17635 G/G 20/102 (20%) 19/100 (19%) 5/42 (12%) 14/58 (24%)
7635 G allele frequency 0.436 0.455 0.417 0.483
8055 ¢/C 66/102 (65%) 63/99 (63%) 29/43 (68%) 34/56 (61%)
8055 C/T 29/102 (28%) 34799 (34%) 13/43 (30%) 21/56 {37%)
8055 1/T 77102 (1%) 2/99 (2%) 1/43 (2%) 1/56 (2%)
8055 T allele frequency 0.211 0.192 0.174 0.205
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PBC has a wide spectrum of disease progression—some
patients remain asympromatic for decades after diagnosts,
while others presenc a rapidly progressing discase leading
to orthotopic liver transplantation or death. Although a
number of genetic factors have been proposed ro explain
such differences, results obtained thus far have proven to
be weak or limited to specific geographical areas.#530.31

Four CYP2D6 alleles (CYP2DG*3, CYP2DG*4,
CYP2DG*5, and CYP2D6*6) are known to account for
93% to 97% of PM cases,” with CYP2D6*4 alone ac-
counting for approximately 75% of these!?32; this is the
most widely studied allele in association studies. Brown et
al.* demonstrated a link berween the CYP2DG6*4 allele
and ankylosing spondylitis and postulated that the poor
metabolism of xenobiotics by a defective CYP2D6 poly-
morphism might explain this association. Others have
suggested that a PM state mighe increase susceptibility to
Parkinson’s discase because of impaired detoxification of
neurotoxins.® It is inceresting to note that patients with
CYP2DG*4 had slight signs of more severe clinical fea-
tures as indicated by the prevalence of ascites, though
differences in other variables (e.g., total bilirubin) did not
reach statistical significance. The low or null allelic fre-
quencies observed for CYP2D6*3, CYP2D6G*S, and
CYP2D6G*6 in a preliminary study performed on both
paticnts and controls did not provide sufficient statistical
power and did not warrant further investigation. It is
important to note that the observed allelic frequencies are

“similar ro previous reports for all the CYP2DG6 polymor-
phisms studied herein.*i .

CYP2EL isinvolved in the metabolism of drugs, chem-
icals (including ethanol), and carcinogens, and its c1/c2
polymorphism has been shown to influence enzyme ac-
tivity per se'® or when induced by specific agents.'?8 [n-
terestingly, Tsutsumi et al.*® demonstrated that the 2
allele is associared with the development of alcoholic liver
discase, likely through rhe reduced observed activity.'s
Conversely, subjects with the cl/cl genotype had higher
CYP2EL activity induced by isoniazid, suggesting an as-
sociation berween such a genotype and susceptibility to
antituberculosis drug-induced hepatitis.'® We can assumc
that the cl/c2 SNP is involved in determining CYP2EL
activity possibly induced by specific agents, thus influenc-
ing the clinical manifestations of several diseases.!8:35 37
Many CYP2EI substrates have been identified, including
halothane, isoniazid, acetone, acetonitrile, estrogen me-
tabolites, and ethanol. Halothane is of great intetest in the
associarion of xenobiotic metabolism and susceptibility to
PBC, because the sera of patients with halothane-induced
hepatitis have autoantibodies to the pyruvate dehydroge-
nase complex similar co PBC sera.'* Moreover, previous
data have also indicated that both oxidative and reductive

KIMURA ET AL, 61

mecabolism of halothane can lead to active xenobiotics in
vivo.> On the other hand, the influence of low doses of
nicotine on the expression of liver CYP2E{ in animal
models™ is also interesting considering that smoking is a
risk factor for PBC. 14

The frequency of the cl/c2 genotype in patients wirh
advanced stage PBC was significancly higher than chat of
early-stage PBC. Accordingly, among other variables, the
Mayo score values in patients carrying the 2 allele were
significantly higher chan those observed in patients with
the cl/cl genotype. A possible confounding effect of age
(one of the factors in the calculation of such prognostic
index) or disease duration was considered in this compar-
ison, and we also note that these variables were not signif-
icantly different in patients with different genotypes. Our
results indicate that geneticaily determined alterations of
the metabolism of xenobiotics possibly mediated by other
compounds might play a role in determining discasc se-
verity. Interestingly, in one of our previous studies, AMA
from patients with PBC often reacted with a higher titer
against the xenobiotically modified peptide than with the -
native lipoyl domain; that is, altered lipoic acid actually
increased antibody binding.? Cansidering such data and
the resules described herein, we hypothesize that higher
CYP2E1 activity induced by the presence of the 2 allele
may make patients with PBC produce more active xeno-
biotics, including drugs, resulting in an enhanced T-cell
reactivity to organic modified autoepitopes. Although our
findings on the CYP2E! 2 allele were limited to a small
subgroup of patients, this polymorphism in PBC should
be furthet assessed as a prognostic marker, Our data there-
fore support the previously suggested hypothesis, derived
from the weak association between PBC and human leu-
kocyte antigen haplotypes,3? that susceptibility and pro-
gression are most likely caused by a combination of several
factors, including more than one genetic determinanc
(e.g., abnormalities in sex chromosomes™") together with
specific genomic variations.

The MDR1 gene is responsible for the production of
PGP, which is highly expressed in intestinal epithelial
cells, and its genctic polymorphisms play a major role in
determining local defense against bacteria and xenobiot-
ies. ! Individuals carrying the homozygous MDRI
3435TT genotype had on average a two-fold lower intes-
tinal level of PGP expression compared with the CC ge-
notype, resulting in decreased transport of PGP substrates
into the gut lumen and higher absorption from the gas-
trointestinal tract.20 We have postulated that xenobiotic
modification of lipoic acid oceurs on microbial proteins, 2
In particular, we reported that sera from patients with
PBC reactin a highly directed and specific fashion against
proteins from the ubiquitous xenobiotic-metabolizing
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bacterium Novosphingobium aromaricivorans.i® In the
data presented herein, homozygous TT genotype was
found in 20% of patients with PBC, and no significant
differences were observed between patients and controls
in the frequencies of MDRI genotypes and alleles (T
allele frequency 0.461 in patients with PBC vs. 0.488 in
conrrols). In che future, studies designed ro investigate
MDRI genetic polymorphisms linked co alterations in
PGP expression or SNPs of other genes related to gastro-
intestinal protection against bacreria and xenaobiotics
should be addressed. Based on a similar hypothesis, we
note that Pauli-Magnus et al.#¥ recently investigated the
genetic polymorphisms of two different adenosine
triphosphate—dependent binding cassettes (ABC Bll
and B6, or MDR3) and reported a lack of correlation
between polymorphisms of such genes and susceptibility
to PBC.

PXR is a nuclear hormone receptor that acts as a xeno-
biotic sensor co transcriprionally regulate many important
genes such as CYP3A4 and MDRI. Alchough there is the
extent of CYP3A4 phenotypic variation, few allelic poly-
morphisms with altered activity have been reported.®*
Functional genetic variations in PXR, on the other hand,
influence the expression of CYP3A4.2* Among PXR
SNPs, C-25385T was associated with CYP3A4 inducibil-
ity phenotype in the liver, while A7635G and C8055T
were involved in intestinal CYP3A induction. In particu-
lar, 3A4 is the most abundant CYP detectable in the liver
(18.4% of the total CYP activity) and that an increased
CYP3A4 induction in the liver is associated with the PXR
-25385CC genotype.ié We postulate thac higher liver
CYP3A4 activity in patients with PBC directly caused by
the PXR -25385 CC genotype may alter the metabolism
of xenobiotics, thus leading to the induction of autoim-
munity through the enhanced production of xenobioric
structural analogues of lipoic acid. Qur data, however,
showed that the frequency of the latter genotype among
patients with PBC was not significantly different com-
pared with matched controls (43% vs. 33%; P = .006).
Similarly, no differences were observed in the prevalence
of A7635G and C8055T genotypes. Because PBC pre-
sents a striking female predominance,?? itis interesting to
note that progesterone is one of the substrates of
CYP3A4.47

In summary, we concentrated on genes for which
sound evidence has suggested characteristics constituting
a possible link with PBC. Second, we note that our design
allowed to investigate the crucial steps of xenobiotic trans-
port and metabolism, Third, we chose variations within
such genes that were demonstrated to be “coding” for
phenatypic differences, although in the case of CYP2E1
such differences can be mediated by other compounds.
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Our findings herein, z2long with our previous data, point
toward a “multi-hit” pathogenesis of PBC, with different
genetic factors leading ro onset and severity of disease.
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MATRIX METALLOPROTEINASE-1 EXPRESSION IN A HEPATOCELLULAR
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Transcription factor c-jun serves for cellular proliferation,
survival, differentiation and transformation and is recognized
as an important factor in cancer development, including hep-
atocellular carcinoma (HCC). The purpose of present study
is to determine the involvement of c-Jun in matrix metallo-
proteinase-l {MMP-1) expression, which is previously re-
ported by us to be expressed only in the early stage of human
HCC showing stromal invasion, Of 5 human HCC cell lines
examined, only HLE cells revealed mRNA and protein ex-
pression as well as enzymatic activity of MMP-1. Transient
transfection of an MMP-1 promoterfluciferase construct (in-
cluding 4.4 kb full promoter region) Into HLE and HCC-T
cells (MMP-1 nonproducer) showed that high promaoter ac-
tivity was observed only in HLE cells without inducers, and
that this promoter activity was still observed when a shorter
0.6 kb proximal promoter construct was transfected. The 0.6
kb promoter region contained 3 AP-! sites, and c-jun mRNA
was constitutively expressed in HLE cells without inducers.
Furthermore, phosphorylated c-Jun and ¢-jun NH,-terminal
kinase (JNK) were detected in HLE cells. Promoter activity of
the 0.6 kb construct was suppressed with SP600125, a potent
inhibitor of JNK, but not with PD98059 and SB203580, potent
inhibitors of MEKI/2 and p38, respectively. The inhibitory
effect of SP600125 was also observed at protein expression
fevel and In enzymatic activity of MMP-1, Taken together,
this study suggests that the JNK pathway Is involved in the
expression of MMP-1 in HCC cells and may represent a new
functional role of c-Jun for HCC development.
© 2004 Wiley-Liss, Inc.

Key words: kepatocellular carcinoma; mairix metalloproteinase-1;
e-Jun; MAP kinase inhibitors; JNK pathway

Invasion and metastasis are the major causes of treatment failure
in patients with cancer., Enzymatic degradation of different mac-
romolecular components of the extrace{tular matrix (ECM), which
is an essential step in the process of invasion and metastasis, plays
a key role in the dissemination of cancer cells.!? Of several
proteolytic enzymes, it has been clarified that metalloproteinases
(MMPs) are responsible for ECM destruction, and that they par-
ticipate in cancer cell invasion and metastasis.**

We previously showed that only well-differentiated cancer cells
of early hepatocellular carcinoma (HCC), smaller than 2 cm in
diameter, express matrix metalloproteinase-1 (MMP-1) by in sifu
hybridization and immunohistochemistry.3 Early HCC is usually
described as well-differentiated carcinoma® and stromal invasion
of cancer cells is a commeon finding in early HCC.? As HCC is
usually associated with liver fibrosis/cirrhosis,®-1° where type 1
collagen is mainly deposited, it is quite likely that early HCC cells
invade surrounding fibrous tissue by sccreting MMP-1. MMP-1
expression is only detected in the early stage of HCC, which is
coincident with clinical feature of HCC. In advanced stage of
HCC, they are usually encapsulated with fibrous tissue and invade
surrounding fibrous tissues no longer.

A recent study revealed that MMP-2 and membrane type 1-ma-
trix metalloproteinase (MT1-MMP) can cause the cells to prolif-
erate!! besides their well-krown original function, that is, ECM
resolution. Moreover, MT1-MMP was reported to increase cell
mobility.'2 MMP-1 was also supposed to cause the proliferation of
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hepatacytes in the rat fibrotic kver infected with recombinant
adenovirus harboring human MMP-1 gene.!*

c-Jun and activated c-Jun by a phosphorylation cascade of
mitogen-activated protein kinase (MAPK) families have been
shown to play an important role in embryonic cell differentiation,
apoptosis and proliferation as well as carcinogenesis of hepato-
cytes.'® The phosphorylation of ¢-Jun is conducted by ¢-Jun NH,-
terminal kinases (JNK) among 4 distinctly regulated groups of
MAPK pathways; the other 3 groups are extracellular signal-
related kinases (ERK)-1/2, p38 proteins and ERKS5.13-1%

Several recent studies describing involvement of c¢-Jun in the
early stage of HCC development!® or in liver regeneration after
partial hepatectomy'? remind us that INK pathway has a key role
in the MMP-1 gene expression in HCC. MMP-1 gene expression
is truly known to be regulated by c-Jun, but the regulation of
MMP-1 gene expression by JNK pathway in HCC cells remains
unknown. The present study has shown for the first time that one
HCC cell line, which constitutively expresses MMP-1 without any
stimulators such as phorbor ester, is under control of transcrip-
tional regulation of the MMP-1 gene transcription via the activa-
tion of c-Jun through JNK pathway. These results may indicate an
additional functional role of c-Jun in HCC development.

MATERIAL AND METHODS

HCC cell lines

Human HCC cell lines HLE,20 PLC/PRF/52! and Huh-72? were
obtained from the Japanese Cancer Research Resources Bank
(Osaka, Japan), HCC-M and HCC-T were previously established
by us. 2324 HCC-M, HLE, PLC/PRF/S and Huh-7 were cultured in
DMEM supplemented with 10% fetal bovine serum (FBS). non-
essential amino acids and antibiotics. HCC-T was cultured with
RPMI-1640 containing 10% FBS and antibiotics.

Reagenis

c-Jun NH,-terminat kinase inhibitor SP600125 was purchased
from Calbiochen-Novabiochem (San Diego, CA). MEK/ERK in-
hibitor PD98059 and p38 inhibitor SB203580 were obtained from
Sigma Chemical (St. Louis, MO).

RNA isolation and RT-PCR

Isolation of total RNA and RT-PCR were performed as de-
seribed previously.2> To amplify each gene, a pair of sense and
antisense primers (Table I) were chosen with the help of a com-
puter program (Oligo 5.0, Primer analysis software, Nationaf Bio-
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TABLE ! - PRIMERS FOR RT-PCR AMPLIFICATION

Gene Nucleotide sequence Annealing temperature (°C) Cycle Product (bp)

Albumin Sense 5'-CCCCGGAACTCCTTTTCTTTG- 3 56 40 675
Antisense 5'-CATCGAACACTTTGGCATAGCA- 3

HNF-4 Sense 5-'CTGCTCGGAGCCACAAAGAGATCCATG - 3" 57 30 371
Antisense 5-'ATCATCTGCCACGTGATGCTCTGCA- 3"

AFP Scnse 5'-CGCTGGAACGTGGTCAATGTA - 31 56 40 706
Antisense 5-"CACCCTGAGCTTGGCACAGA-3"

MMP-1 Sense 5'-GGTGCCCAGTGGTTGAAAAAT -3 57 35 716
Antisense 5'-CATCACTTCTCCCCGAATCGT - 3

MMP-2 Sense 5 -TCTTCCCTCGCAAGCCCAAGT - 3' 57 35 6835
Antisense 5"~ ACAGTGGACATGGCGGTCTCAG- 37

MMP-9 Sense 5"-TGGGCTACGTGACCTATGAC - 3" 59 35 200
Antisense 5'-CAAAGGTGAGAAGAGAGGGC- 3! .

TIMP-1 Sense 5'-TTCTGCAATTCCGACCTCGTC - 3 58 30 385
Antisense 5'-GCACTTTGCAGGGGATCGATA -3’

c-jun Sense 5'-CCTGTTGCGGCCCCGAAACT -3’ 62 30 495
Antisense 5'- ACCATGCCTGCCOCGTTGAC - 37

c-fos Sense 5'-TTTGCCTAACCOCCACGATGAT - 3° 62 30 500
Antisense 5'-TTGCCGCTTTCTGCCACCTC- 3"

G3PDH Sense 5'-ACCACAGTCCATGCCATCAC- 3" 62 23 452
Antisense 5'~TCCACCAGCCTGTTGCTGTA- 3

science, Plymouth, MN). Each target gene was amplified in the
GeneAmp PCR System 9600 (Perkin Elmer, Norwalk, CT). The
initial denaturation was at 94°C for 2 min, followed by each cycle
of reaction at 94°C for 30 scc, at the described annealing temper-
ature for 30 sec (Table I), and at 72°C for 30 sec, and followed by
postextension at 72°C for 7 min. Glyceraldehyde 3-phosphate
dehydrogenase (G3PDH), which was used as an jnternal control,
was amplified for 23 cycles as previously described.?> The PCR
products were separated by electrophoresis on a 1.5% agarose gel,
stained with ethidium bromide.

Zymaography

To examine the gelatinolytic activity, gelatin zymography was
performed as described before?s with a slight modification. After
cells were cultured in serum-free media for 48 hr, aliquots of the
culture media from HCC cells were mixed with 4 X gel loading
buffer (10% SDS, 4% sucrose, 0.25 M Tris-HC, pll 6.8, 0.1%
bromphenol blue) without boiling, then electrophoresed on a 10%
polyacrylamide gel containing 1 mg/mL of gelatin. The volume of
media loaded was adjusted according to the ceil number. Gels were
scanned in a digital scanner and densitometric measurement was
performed with NIH Image software (version 1.55).

Nucleotide sequence analysis for single nucleotide
polymorphism ar — 1607 bp

To detect the known 1G/2G polymorphism at ~ 1597 bp in the
MMP-1 promoter region, PCR amplification was performed with a
pair of primers, M-F (5'-ACATGTTATGCCACTTAGAT-3";
—1654/--1635) and M-R (5'-TCCCCTTATATGGATTCCTGTT-
3, —1536/~1517), followed by nucleotide sequence analysis.2¢

Plasmid constructs

A fragment encompassing the essential sequence for transcrip-
tional activity of MMP-1 promoter was amplified from genomic
DNA isolated from HCC-T cells using the following primers:
sense, S5'-TTTCAAATCCATCTCAAATTCACA-Y  (—4363
—4340); antisense, 5'-ACTGGCCTTTGTCTTCTTTCTCAG-3'
(+49/+72). Bglll digestion of the resulting 4,429 bp PCR product
(—4363/+72; 4.4 kb comstruct) yielded a 1.2 kb fragment (— [ 196/
+72), which was cloned into the pGL3 Basic vector (Promega,
Tokyo, Japan) that had been treated to have the same termini. A §'
deletion promoter 0.6 kb construct (—522/+72) was generated
from this construct (~1196/+72) by using convenient restriction
site (Kpnl at —517 bp). Those chimeric constructs were sequenced
and found to be identical to the previously reported sequence??
except that our sequence from HCC-T had a “T" at site —320
nucleotide, where the published sequence contained a “C™ at that

site. Expression plasmid pCMV-jun was the kind gift of Dr. Tom
Curran,

Transient rransfection and assessment of promoter activity

The MMP-1 promoter/luciferase constructs were transfected
into HLE and HCC-T cells using the calcium phosphate-DNA
coprecipitation method. In seme experiments, human MMP-1 pro-
moterfluciferase reporter gene construct (—522/4-72: 0.6 kb) was
cotransfected with pCMV-jun expression vector into FICC-T cells.
Total amount of tranfected DNA was adjusted with pCMV empty
vector. Transfection efficiency was normalized by using pRL-
CMV vector (Promega) as an internal control. Five hours after
transfection, the cells were treated with 15% glycerol for 105 sec,
then incubated for 48 hr. Firefly and Renilla luciferase activities
were measured using Dual-Luciferase Reporter Assay System
(Promega). Cell transfections and luciferase assays were repeated
independently more than 3 times, each performed in duplicate.

Western blot analysis for MMP-1 and phosphorylated c-Jun

For the detection of MMP-1, culture media described above
were also used for Western blot analysis. The concentration of
protein was measured with DC protein assay Kit (Bio-Rad, Rich-
mond, CA). Samples were mixed with 4 X SDS sample buffer
(0.25 M Tris-HCI, pH 6.8, 8% SDS, 20% glycerol, 5% B-mercap-
toethanol} and equal amount of protein per lane was run on a 10%
SDS-PAGE and transferred onto a PYDF membrane (Amersham
Biosciences, Buckinghamshire, U.K.). Blots were incubated with
anti-MMP-1 antibody (Daiichi Fine Chemical, Takaoka, Japan) at
a dilution of 1:1,000 for 2 hr, followed by incubation with rabbit
antimouse IgG second antibody (Dako, Glostrup, Denmark) at a
dilution of 1:2,000 for 1 hr at room temperature. The proteins were
visualized by chemiluminescence by using ECL Plus detection kit
(Amersham Biosciences) according to the manufacturer’s instruc-
tion, For the detection of phasphorylated c-Jun, PhosphoPlus c-Jun
(Ser63) II and c-Jun (Ser73) Antibody Kit (Cell Signaling Tech-
nology, Beverly, MA) was used according to the manufacturer’s
instruction. For the confirmation of equal leading, blots were
reprobed with anti-B-actin antibody (Sigma Chemical).

In vitro kinase assay

Phosphorylated JNK and total-JNK. were detected with Fast
Activated Cell-Based ELISA (FACE) JNK Kit {Active Motif
North America, Carlsbag, CA) following manufacturer’s instruc-
tions. Briefly, about 1,000 cells per well were seeded in 2 96-well
plates as replicates and incubated for 48 hr and the cells were fixed.
One plate was treated with the antiphospho-JINK antibody, while
the other plate was treated with anti-JNK antibody. The relative
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number of cells in each well was then determined through use of
the Crystal Violet reagent. Once the phospho-JNK and total INK
signals were normalized for cell number, a comparison of the ratio
of phosphorylated INK to total INK for each of the cell growth
conditions was determined.
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Ficure 2 .- Schematic representation of buman MMP-1 promoter
constructs, Three convenient restriction sites, HindlIl, Bglll and Kpnl,
were used to generate the 44, 1.2 and 0.6 kb promoter constructs,
respectively, which were transfected into HLE and HCC-T cells to
determine the promoter activity, Three AP-1 sites, 2 PEA-3 sites and
TATA box are included in the 0.6 kb promoter construct. The “Y”
indicates functional polymorphism in MMP-1 promoter. The bent
arrow represents the beginning of transcription. Modified from Ben-
bow and Brinckerhoff.1#

Statistical analysis

The data were expressed as mean * standard deviation. Statis-
tical analysis was performed using Mann-Whitney test. p-values
less than .05 were considered statistically significant.

RESULTS

MMP-1 expression and cell marker characteristics in HCC cell
lines

Among the HCC cell lines examined, definite expression of
MMP-1, MMP-2 and MMP-9 mRNAs was found only in HLE
cells, while these 3 MMPs were not detected in HCC-M and Huh-7
cells (Fig. la). HCC-T and PLC/PRF/5 cells showed a slight
positive transcription of MMP-2. TIMP-1 mRNA was expressed in
all cell lines in the present study (Fig. 1a). Gelatin zymography
revealed definite bands at 76, 68 and 53 kDa only in HLE cells,
which corresponded to enzymatic activity of MMP-9, MMP-2 and
MMP-1, respectively (Fig. ). The other 4 cell lines did not show
any bands.

Five cell lines were established from patients with different
differentiation stages of characteristics. Both PLC/PRF/S and
Huh-7 cells showed positive mRNAs of both albumin and HNF-4,

Ficure 1- MMPs and TIMP-1 expression in HCC cell lines. (@)
MMP-1, MMP-2, MMP-9 and TIMP-| expressions in 5 HCC cell lines
were detected by RT-PCR analysis. Total RNA was extracted from
HCC cells and | g of total RNA was used as a template as described
in text. The strong bands of MMP-1, MMP-2 and MMP-9 were
observed only in HLE cell line. HCC-T and PL.C/PRF/S cells showed
a slight positive transcription of MMP-2. The expression of TIMP-1
was seen in every cell line. G3PDH (bottom) was used as an internal
control. (b) Gelatin zymography of conditioned media from cultured 3
HCC cell lines. Semiconfluent HCC cells grown in 60 mm tissue
culture plates were replaced with serum-free media and cells were
cultured for a further 48 hr, Bands of negative staining indicated zones
of enzyme activities. Gelatinolytic activity of MMP-1, MMP-2 and
MMP-9, which cotresponded to 53, 68 and 76 kDa bands, respec-
tively, were seen only in HLE cells. {¢) Cell marker characteristics in
HCC cell lines. The expressions of albumin, HNF-4 and a-fetoprotein
{AFP) were also assayed by RT-PCR analysis. The distinct albumin
and HNF-4 mRNA was observed in PLC/PRF/5 and Huh-7 cells. The
strong band of AFP was found in Huh-7 cells.
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