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Aim: To evaluate changes in liver function parameters and
risk factors 1 year after percutaneous radiofrequency abla-
tion (RFA) therapy in patients with hepatocellular carcinoma
(HCC).

Methods: Subjects in this retrospective study comprised 45
patients with HCC who underwent RFA therapy (RFA alone,
n =25; transcatheter arterial embolization therapy before
RFA, n =20) and showed no recurrence of HCC 1 year after
RFA. Serial changes in serum total bilirubin, albumin, pro-
thrombin time and Child-Pugh score (CPs) were evaluated
before and after RFA. In addition, Cox proportional hazards
regression analysis was used to clarify risk factors for aggra-
vation of liver function after RFA therapy.

Results: Serum albumin levels showed a significant

decrease from before (3.6 + 0.4 g/dL) to 12 months after RFA
therapy (3.2+0.4 g/dL; P<0.05). CPs was significantly

increased from before (6.4 + 1.4) to both 6 months (6.8 £ 1.9;
P <0.05) and 12 months after RFA (6.9 + 2.0; P < 0.05). Based
on stepwise multivariate analysis, CPs of 9 or more before
RFA was selected as a significant risk factor for long-term
aggravation of liver function after RFA.

Conclusion: Liver function parameters, particularly serum
albumin level, gradually and dominantly decreased in HCC
patients with grade B and C according to the CPs classification
over the course of 1 year after RFA therapy. A CPs of 9 or more
represents a major risk factor for the aggravation of liver
function after RFA therapy.
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INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is one of

the most significant malignancies among chronic
liver diseases (CLD).' Surgical treatment such as hepa-
tectomy is curative for HCC if the tumor is localized to
the liver.2 However, this therapy is frequently contrain-
dicated by concomitant liver disease, particularly cirrho-
sis with severe liver damage. Furthermore, although
liver transplantation remains the ultimate therapy for
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patients who fulfill the Milan criteria for liver transplan-
tation and obtain a donor liver, this situation remains
limited.?

Percutaneous radiofrequency ablation (RFA) therapy
has recently been developed as an effective therapy for
HCC patients who do not undergo surgery.**> However,
as hepatitis B virus (HBV) and hepatitis C virus (HCV)
are major causes of HCC in Japan, the recurrence rate of
HCC after initial treatment is particularly high.®” If
patients with HBV- or HCV-related hepatitis cannot
receive antiviral therapies and surgical treatment,
repeated therapy for recurrence of HCC is required,
resulting in deterioration of impaired liver function.
Maintaining residual liver function capacity is thus very
important to appropriately treat recurrent HCC. When
HCC therapy is performed, changes to liver function are
inevitable.® This phenomenon is not specific for RFA.
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However, precisely how residual liver function in HCC
patients changes in the long term after RFA therapy
remains unclear.

The goal is early detection and appropriate treatment
of HCC in addition to stable maintenance of liver func-
tion to prolong the survival time of patients. The present
study examined changes in liver function parameters
according to Child-Pugh (CP) classification after RFA
therapy and clarified risk factors for aggravation of liver
function.

METHODS

Subjects

MONG 55 PATIENTS with HCC who had under-

gone RFA therapy at the Division of Gastroenterol-
ogy and Hepatology, Department of Internal Medicine,
Iwate Medical University Hospital between January
2001 and March 2003, subjects comprised 45 patients
who showed no HCC recurrence (local and/or intrahe-
patic) at 1 year after RFA therapy.

Patient profiles at the time of initial RFA therapy for
HCC are shown in Table 1. During follow up, no
patients received any other therapies, such as adminis-
tration of albumin (Alb) infusion or antiviral treatments
that might influence liver function. All patients with
HCC showed CLD, comprising chronic hepatitis (CH)
in eight patients and liver cirrhosis (LC) in 37 patients.
CH and LC were diagnosed by biochemical examination
of markers of liver fibrosis, imaging methods using
endoscopy, ultrasonography (US), computed tomogra-
phy (CT) and magnetic resonance imaging (MRI), and
liver biopsy. Etiologies of hepatitis were: HBV, positive
hepatitis B surface antigen; HCV, positive anti-hepatitis
C antibody and/or HCV RNA; alcohol, more than 80 g/
day ethanol consumption over 10 years; or unknown,
no HBV, HCV or alcohol intake. Peripheral blood
counts (red blood cells, white blood cells and platelet
counts), liver function tests, prothrombin time (PT) and
tumor markers in the blood (a-fetoprotein [AFP], lectin
3 fraction of AFP [AFP-L3] and protein induced by
vitamin K absence or antagonist II [PIVKA-II]) were
measured using commercial kits. Diagnosis of HCC and
the number of nodules were detected by abdominal US,
dynamic CT and/or MRI. Liver biopsy was performed in
12 patients to confirm the diagnosis of HCC.

Methods

The Cool-tip Radiofrequency System (Radionics, Burl-
ington, MA, USA) has been used for RFA therapy of
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Table 1 Patients profiles at the time of initial treatment for

hepatocellular carcinoma

Parameters n=45
Sex (male/female) 27/18
Age (years) 69 (66.2£9.1)
Hepatitis B/C/NBNC/alcohol 3/37/3/2
Liver disease (CH/LC) 8/37
Child-Pugh grade (A/B/C) 19/16/2
Child-Pugh score (5/6/7/8/9/10 points)  11/8/9/3/4/2
Stage (1/11/111) 14/18/13
Number of tumor(s) 63
Solitary/multiple 24/21
Size of tumor (mm) 22 (25.2+8)
Biological parameters
T-Bil (mg/dL) 0.9 (0.9+0.4)
Alb (g/dL) 3.6 (3.6+0.4)
ALT (IU/L) 39 (41 18)
Plt (x10*/mm?) 104 (11.2£3.5)
PT (%) 76 (72 £ 14)
Tumor markers
AFP (>100 ng/mL, positive/negative) 19/27
AFP-L3 (>10%, positive/negative) 10/35
PIVKA-IT (>40 mAU/mL, 20/25
positive/negative)
Treatment (with/without TAE) 20/25
BCAA administration (yes/no) 13/32
Liver volume (cm?) 988.3 £ 245
Ablated volume (cm?) 31.5+254
Ablated rate (%) 3.2£29

AFP, o-fetoprotein; AFP-L3, lectin 3 fraction of AFP; Alb,
aluminum; ALT, alanine transaminase; BCAA, branched-chain
amino acid; NBNC, non-B non-C; Plt, platelet counts; PIVKA-II,
protein-induced vitamin K absence or antagonist II; PT,
prothrombin time; TAE, transcatheter arterial embolization;

T-Bil, total bilirubin.

HCC in our institute since 2000. Indications for RFA
were: (i) unresectable HCC or refusal of surgery; (ii)
absence of uncontrollable ascites and hepatic encepha-
lopathy; or (iii) absence of marked bleeding tendency.
The general indications are patients with three lesions or
less, all of which are 3 cm or less in diameter, or a single
lesion of 5cm or less. Twenty patients underwent
transcatheter arterial embolization (TAE) prior to RFA
therapy. For these patients, the mean interval from
TAE to starting RFA therapy was 16.5 days (range,
8-58 days). RFA therapy was performed once or twice a
week until complete necrosis of HCC was confirmed on
dynamic CT.” RFA therapy was performed a mean of
1.8 £ 0.7 times in the study subjects.

Serum total bilirubin (T-Bil), Alb and PT were evalu-
ated and CP score (CPs) was determined before and 3, 6
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and 12 months after RFA therapy.'® Volumetric analysis
of the entire liver and ablated portion was performed
as follows: the area of liver parenchyma and ablated
area were calculated using image-processing software
attached to the CT system.'""? Parenchymal ablation rate
was calculated as: ablated volume/liver parenchymal
volume X 100 {%)."* The relationship between change
rate of CPs (ACPs) and grading of CP classification was
evaluated. Aggravation of liver function was defined
when CPs was increased by 2 or more at 12 months after
RFA therapy. In addition, Cox proportional hazards
regression analysis was performed to clarify risk factors
for aggravation of liver function after RFA therapy.

Statistics

Laboratory data are shown as mean  standard devia-
tion. Statistical analyses were performed using StatView
ver. 5.0 software. Cox proportional hazards regression
was performed to evaluate risk factors for aggravation of
liver function using demographic data obtained prior to
initial RFA. Univariate analysis evaluated 20 factors: age;
sex; HCV; T-Bil; alanine aminotransferase; Alb; platelet
count (Plt); PT; AFP; AFP-L3; PIVKA-II; grading of CP
classification; CPs; tumor size; number of tumor
nodules; combination therapy with TAE; branched
chain amino acids (BCAA) treatment; ablated rate;
recurrence of HCC; and complications. Parameters iden-
tified as significant in univariate analysis were tested in
the multivariate Cox proportional hazards model for all
patients.

RESULTS

Serial changes in CPs after RFA therapy

ERUM ALB LEVELS decreased significantly after

RFA therapy from 3.6+ 0.4 g/dL before RFA to
3.5+0.3 g/dL after 6 months and 3.2 £ 0.4 g/dL after
12 months (P <0.05). Serum T-Bil and PT levels were
unchanged after RFA (T-Bil: before, 0.9 +0.4 mg/dL;
after 12 months, 1.0+ 0.4 mg/dL; PT: before, 76.1 %
14.5%; after 12 months, 74.8 + 15.2%). CPs was signifi-
cantly increased after RFA from 6.4 * 1.4 before RFA to
6.8 + 1.9 after 6 months (P <0.05) and 6.9 +2.0 after
12 months (P < 0.01). Serial changes in ACPs according
to grading of CP are shown in Figure 1. No change in
ACPs was seen in CH or LC patients with grade A at
12 months after RFA therapy, while significant increases
were noted in grade B and C LC patients. Changes in
Alb, T-Bil, and CPs did not differ between patients
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Figure 1 The changes of A Child-Pugh score after radiofre-
quency ablation.

receiving RFA alone and those receiving TAE + RFA (data
not shown).

Risk factors for aggravation of liver function

Univariate analysis showed CPs (29), Plt and Alb as
predictive factors for deterioration of liver function after
RFA therapy, while CPs {=9) was the only significant
risk factor identified by stepwise multivariate analysis
(Table 2). In addition, no significant differences were
observed between patients with and without TAE.

DISCUSSION

HE PRESENT STUDY evaluated serial changes in

T-Bil, Alb and PT, three parameters used in the CP
classification, over the course of 12 months following
RFA therapy. We also tried to identify risk factors for
long-term aggravation of liver function after RFA. Our
data indicated that: (i) Alb is significantly decreased
12 months after RFA; (ii) CPs is significantly increased
both 6 and 12 months after RFA; and (iii) CPs in
patients with CH and grade A LC does not change after
RFA. Furthermore, multivariate analysis identified CPs
of 9 or more as a major risk factor for the aggravation of
liver function following RFA. Taken together, these data
suggest that appropriate nutritional support is necessary
for HCC patients over grade B and C or with a CPs of 9
or more when RFA therapy is performed.

However, the study population comprised patients
receiving two therapies, namely, patients treated with
RFA therapy alone and patients treated with TAE prior to
RFA therapy. We therefore did not confirm a direct influ-
ence of RFA therapy alone, although liver functicn tests
before RFA therapy showed similar findings in both
groups and the performance of TAE was not identified as
a significant risk factor for the aggravation of liver func-
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Table 2 Risk factors contributing to degradation of functional
reserve of the liver after radiofrequency ablation

Univariate analysis

Odds ratio P

Variables
(95% CI)

Age (>69 years) 2.18 (0.45-10.53) 0.329

Sex (male) 5.95 (0.61-53.3) 0.111

HCV antibody (positive) 0.58 (0.94-3.59) 0.559

Size of tumor (>22 mm) 0.45 (0.95-2.22) 0.329

Number of tumor {multiple} 1.44 (0.25-8.23) 0.682

Child classification 3.07 (0.79-14.87)  0.163
(Child B/C vs Child A/CH )

Child-Pugh score (29 points)  16.5 (2.39-127.53) 0.004
T-Bil. (>0.9 mg/dL) 1.57 (0.32-7.59)  0.124
Alb (<3.5 g/dL) 5.18 (1.02-26.43)  0.047
ALT (>80 1U/1) 1.92 (0.72-3.53)  0.694
Plt (<9.4 x 10%/mm?) 7.91 (1.23-40.75)  0.028
PT (<70%) 3.16 (0.52-17.53) 0.194
AFP (>100 ng/mL) 0.87 (0.19-4.52)  0.873
AFP-L3 (>10%) 1.55 (0.19-8.53)  0.685
PIVKA-IT (>40 mAU/mL) 0.81 (0.18-3.23) 0.835

Treatment (with/without TAE)  0.76 (1.47-3.39)  0.668

BCAA administration (yes) 2.78 (0.88-13.53)  0.148

Ablated rate (>3.5%) 2.35 (0.15-12.53)  0.651

Recurrence (+ vs —) 3.10 (0.57-16.58) 0.168

Complication (+ vs —) 2.54 (0.19-31.55) 0.483

Stepwise multivariate analysis
Variables Odds ratio P
(95% CI)

Child-Pugh score {29 points) 8.02 (1.05-5.67) 0.024

Plt (<9.8 x 10%/mm?) 3.52 (0.59-1.24) 0.347

Alb (<3.5 g/dL) 2.52 (0.94-1.14)  0.401

Alb, aluminum; AFP, a-fetoprotein; AFP-L3, lectin 3 fraction of
AFP; ALT, alanine aminotransferase; BCAA, branched-chain
amino acid; CI, confidence interval; HCV, hepatitis C virus;
PIVKA-I], protein-induced vitamin K absence or antagonist II;
Plt, platelet counts; PT, prothrombin time; TAE, transcatheter
arterial embolization; T-Bil, total bilirubin.

tion after RFA therapy. Because no studies have yet
compared changes in liver function tests between RFA
therapy and TAE therapy, the differences between these
therapies need to be clarified in the future.

Patients with advanced LC and malnutrition are well
known to exhibit poor prognosis.'"* Previous studies
have shown that p.o. administration of BCAA can
improve nutritional status and event-free survival in cir-
rhosis.!”” Recent studies have also suggested potential
benefits of BCAA administration in cirrhotic patients
with HCC.'"" The present study, however, could not
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convincingly examine the effects of BCAA in HCC
patients receiving RFA, because the number of patients
receiving BCAA was small (13 of 45 patients, grade A,
n=4; grade B or C, n=9) and doses and formulations
of BCAA varied among patients. Further studies are nec-
essary to fully evaluate the effects of BCAA on nutri-
tional status and recurrence of HCC in patients with LC
following RFA.

In addition, as shown in the results, BCAA treatment
was not a significant risk factor for deterioration of liver
function after RFA therapy in univariate analysis. The
following reasons are considered to explain why BCAA
treatment in this study did not improve serum Alb level.
First, the number of patients receiving BCAA treatment
was very small. Second, administered doses and formu-
lations of BCAA (e.g. BCAA granules and BCAA-
enriched nutrients) were not fixed. In the future,
differences between BCAA granules and BCAA-enriched
nutrients should be evaluated with regard to influences
on nutritional status and recurrence of HCC in LC
patients. The present results might be useful as baseline
data to estimate the effects of nutritional support thera-
pies among HCC patients receiving RFA therapy.

In conclusion, serum Alb level gradually decreases
over the course of 1 year after RFA therapy in LC patients
with grade B or C according to the CP classification. A
CPs of 9 represents a critical baseline to estimate pro-
gression to liver failure in HCC patients after receiving
RFA therapy.
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ARTICLE INFO ABSTRACT

Article history: There is evidence to suggest that integrity of the neurovascular unit may be compromised in acute liver
Received 3 December 2008 failure (ALF). In order to address this issue from a molecular standpoint, expression of an array of genes
Received in revised form 26 January 2009 coding for key cerebrovascular endothelial cell and tight junction proteins were measured by reverse
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t iption- merase chain reaction in cerebral cort with i ic liver failure resultin
Available online 13 February 2009 ranscription-poly S ex of rats with ischemic liver failure g

from hepatic devascularization (portacaval anastomosis followed 24 h later by hepatic artery ligation)
compared to appropriate sham-operated controls. Expression of P-glycoprotein, endothelin-1, von
’:”'W:’d" halopat! Willebrand factor, caveolin-1, occludin, and the endothelial nitric oxide synthase isoform (eNOS) were
eparic encephalopatiy measured in brain extracts from rats with ALF at coma/edema stages of encephalopathy. The effects of

Neurovascular unit . . R . . . .
mild hypothermia (35 :C) sufficient to prevent cerebral edema in ALF animals on the expression of these

Acute liver failure - N - . " .
Blood-brain barrier genes were also studied. Brain edema and hepatic coma in normothermic ALF rats was accompanied by

Hypothermia selective increases in expression of eNOS. Expression of occludin and von Willebrand factor mRNAs were
GCene expression decreased at comajedema stages of encephalopathy in ALF rats whereas, expression of other
Nitric oxide synthase cerebrovascular endothelial cell markers endothelin-1, P-glycoprotein, and caveolin-1 were unaffected.
Brain edema Mild hypothermia led to normalization of brain water content and of eNOS mRNA. However, the

correlation between increased eNOS expression and encephalopathy/edema grade was poor suggesting
the existence of additional mechanisms. These findings underscore the multifactorial nature of brain
edema/encephalopathy mechanisms in ALF and question the role of BBB breakdown as a major
pathogenetic factor.

© 2009 Elsevier Ltd. All rights reserved.

proteins (Shimojima et al., 2008). Moreover, ammonia, a neuro-
toxin known to accumulate in brain to millimolar concentrations
in ALF (Swain et al., 1992) has been shown to cause decreased
expression of the tight junction (T]) protein claudin-12 (Bélanger
et al., 2007) and, under certain conditions, ammonia expasure
leads to increases in effective pore size of the BBB (McClung et al.,
1990).

As part of a series of studies to assess the neurovascular unit in
relation to the pathogenesis of HE and brain edema in ALF,
expression of an array of genes coding for some key BBB proteins
were measured by reverse transcription-polymerase chain reac-
tion in cerebral cortex of rats with ALF resulting from hepatic
devascularization compared to sham-operated controls. Expres-
monding author at: Neuroscience Research Unit, CHUM, Campus Saint- sion of the TJ protein occludin and von Willebrand factor (VWF),
Luc. University of Montreal, 1058 St-Denis Street, Montreal, Quebec, Canada H2X caveolin-1 (Cav1), P-glycoprotein (P-gp), endothelin-1 (ET-1) and
34. Tel.: +1 514 890 8000x35759; fax: +1 514 412 7377. the endothelial isoform of nitric oxide synthase (eNOS) mRNAs

" E-mail 0""’;;‘5“’°getf-c":‘::‘Zr‘“l"”l"‘@:'h'“°::t"'"“’ (:f-F- *i"‘tel‘fw"tf"‘)'ALF i were measured in groups of animals maintained at 37 *C compared
e e ince 0 3 similar group maintained mildly_hypothermic (35 °C)
sufficient to prevent signs of encephalopathy and to prevent brain

oxide synthase: P-gp, P-glycoprotein; vWF, von Willebrand factor; Occ, occludin: ) . .
Cavl, caveolin-1. edema in these animals (Rose et al., 2000; Stravitz et al., 2008).

1. Introduction

Hepatic encephalopathy (HE) and brain edema leading to
intracranial hypertension and brain herniation are serious
neurological complications of acute liver failure (ALF). The precise
pathophysiologic mechanisms responsible for these complications
are not completely understood. One possible mechanism involves
alterations of the neurovascular unit and blood-brain barrier (BBB)
dysfunction. Histopathological studies reveal discreet alterations
of cerebrovascular endothelial cells (Kato et al., 1992; Potvin et al.,
1984) as well as altered expression of genes coding for BBB

0197-0186/3 - see front matter @ 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.neuint.2009.01.023
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2. Materials and methods
2.1. Surgical procedures

Adult male Sprague-Dawley rats (200-250 g) purchased from Charles River
(Saint-Constant, Quebec, Canada) were routinely tested for common pathogens and
were free of infection at the onset of surgery. Rats were anesthetized with
isoflurane, and an end-to-side portacaval anastomosis was performed according to
the guidelines of Lee and Fisher (1961). Briefly, rats underwent a laparotomy, the
inferior vena cava and portal vein were isolated and clamped using an anastomosis
clamp (Roboz Instruments Inc., Washington. DC) and an elliptical portion 1.5 times
the diameter of the portal vein was removed. The portal vein was ligated and cut,
and an end-to-side anastomosis was performed under a dissecting microscope.
Total surgery time was <30 min. Sham-operated control rats, matched for weight,
were similarly anesthetized and the inferior vena cava was clamped for 20 min.
Following surgery all animals were individually housed with free access to food and
water under constant conditions of temperature, humidity and light cycles.
Twenty-four hours after portacaval anastomosis, rats were reanesthetized and
subjected to hepatic artery ligation (HAL). Following HAL, arterial blood glucose
levels were monitored and glucose was administered subcutaneously as needed to
maintain normoglycemia. Body temperature and reflexes were monitored every
15 min and temperature was maintained at 37 °C £ 0.5 ‘C by means of heating pads.
Hypothermia occurred spontaneously in the absence of external heating and body
temperature was maintained at 35 *C + 0.5 °C using heating pads when necessary. A
group of animals was sacrificed 6 h (prior to the appearance of encephalopathy and
brain edema) following HAL (ALF-6 h). A second group was sacrificed approximately
13 hfollowing HAL(ALF-37) at the coma stage of encephalopathy (defined as the loss of
righting and corneal reflexes) at which time all animals had significant brain edema.
Hypothermic animals (ALF-35) were sacrificed in parallel with time-matched
comatose normothermic ALF animals and sham-operated controls. Brains were
rapidly removed, dissected on ice and were immediately frozen in isopentane. All
tissues were stored at —70 ‘C until use. All the above surgical methods were conducted
in accordance with the Guidelines of Canadian Council of Animal care and were
approved by Animal Research Committee at Saint-Luc Hospital (C.H.U.M.).

2.2. Brain water measurement

Brains were keptat4 -Cand cutinto 2-mm slices. I-mm punch biopsy specimens
were obtained from the gray matter of the cerebral cortex. Water content of each
specimen was measured gravimetrically using a density gradient of bromoben-
zene-kerosene precalibrated with K;S0, as previously described (Marmarou et al.,
1978). The cortical samples were placed onto the fluid column and the equilibration
point was measured within 2 min. The specific gravity of the tissue was calculated
and results expressed as percentage of water content. Eight measurements were
made per animal, and values were arithmetically averaged.

2.3. RNA extraction

Total RNA was extracted using TRI Reagent (MRC Inc., OH) according to the
manufacturer's protocol. Putative contaminating DNA was eliminated by adding
100 U of RNase-free DNase | per 50 g of total RNA at 37 “Cfor 1 h. Purified RNA was
then extracted with phenol, precipitated with ethanol and resuspended in
diethylpyrocarbonate-treated water. RNA samples were kept at —70 *C until use.

2.4. Semi-quantitative reverse transcription-polymerase chain reaction

Expression of eNOS, occludin, caveolin, P-glycoprotein, von Willebrand factor,
and endothelin-1 was investigated by standard one-step semi-quantitative RT-PCR.
Total RNA (1 pg) was mixed with 10 mM Tris-HCI (pH 8.3), 1.5 mM MgCl,, 50 mM
KCl, 0.01% bovine serum albumin, 200 pM dNTPs, primers at | uM each, AMV
reverse transcriptase (80 U/ml), Taqg DNA polymerase (20 U/ml) and 50 pCi/ml o
32p)dCTP (3000 Ci/mmol), for a total reaction volume of 50 L. The reactions were
initially heated at 50 C for 20 min followed by PCR at 95 *C for 30 s, 60 “C for 45 s
and 72 “C for 1 min. Amplification efficiency conditions were determined after a
kinetic study to ensure all experiments were performed in the exponential phase of
amplification where PCR products remain proportional to initial template
concentration (data not shown). In all the experiments, B-actin was used as an
internal standard to monitor loading variations. After amplification, samples were
electrophoresed onto 9% polyacrylamide gels, dried, autoradiographed at —70 -C
with an intensifying screen. Each band was excised and Cerenkov radiation was
quantified using a B-counter.

Oligonucleotide primers were designed using the PRIMER3 program (Rozen and
Skaletsky, 2000) at hetp://primer3.sourceforge.net/based on the following GeneBank
accession numbers: V012 17 (B-actin), X59949 (eNOS), XM_342759 (von Willebrand
factor). MG4711 (endothelin-1), BC161826 (Caveolin-1), AB016425 (Occludin), and
L15079 (P-glycoprotein). The forward and reverse oligonucleotide primer sequences
were as follows: 5'-CATCCCCCAAAGTTCTAC-3' and 5'-CCAAAGCCTTCATACATC-3' (B-
Actin, 347 bp); 5'-TCAGCGGCTGGTACATGAG-3' and 5'-ACAGGAAATAGTTGAC-
CATCTC-3’ (eNOS, 351bp). 5-TGCTTCTTACGCCCATCTCT-3' and 5'-CACTCA-
TACTCTGGGCAGCA-3’ (von Willebrand factor, 444 bp); 5'-AGTGTGTCTACTTCTG-
CCAC-3" and 5'-CAGCACTTCTTGTCTTTTTGG-3' (Endothelin-1, 178 bp); 5'-ACCGCTT-

GCTGTCTACCATC-3' and 5'-ATCTCT TCCTGCGTGCTGAT-3' (Caveolin 1, 235 bp);
5'-GCTTTAATCATTGTTTTTGCTGTG-3' and 5'-CTCTAGGTTATCGTTGCTGCTGTA-3’
(Occludin, 357 bp); 5'-CTTTGTGGTGGGGACACTCT-3" and 5'-CGTCTGTGGCGAGTCT-
TGTA-3' (P-glycoprotein, 332 bp). The specificity of the oligonucleotide primers was
verified using the program BLASTN (National Center for Biotechnology Information,
Bethesda, MD).

2.5. Statistical analysis

All data are expressed as the mean + S.E.M. and statistical analysis was performed
using unpaired Student's t-test (2 group comparisons) or one-way analysis of variance
(ANOVA) followed by Tukey's post hoc analysis (multiple comparisons). A probability
of p<0.05 was chosen to establish significance between the groups. Data were
analyzed by using Prism 4.0 software (Prism 4.0, San Diego, CA).

3. Results

Following hepatic devascularization, normothermic animals
developed symptoms of encephalopathy progressing from
lethargy to loss of righting and corneal reflexes (coma stage).
Hypothermia significantly delayed the onset of encephalopathy so
that at the time normothermic rats were comatose, hypothermic
animals had not started to show significant neurological deteriora-
tion. Rats sacrificed at coma stages of encephalopathy had
significantly higher brain water content (p < 0.001) while paired
rats kept mildly hypothermic (35 °C) had brain water content
equivalent to that of sham-operated control animals (Fig. 1).

RT-PCR analysis revealed a significant 1.5-fold (p < 0.05)
increase in the steady-state level of eNOS mRNA occurring as
soon as 6 h (precoma) following hepatic devascularization and
reaching maximal levels at coma stage of encephalopathy (1.6-
fold, p < 0.001). However induction of eNOS mRNA expression was
prevented in hypothermic animals (p < 0.01) (Fig. 2).

In contrast to eNOS, expression of the mRNA encoding the tight
junction protein occludin was decreased twofold (p < 0.001) in
normothermic ALF rats at coma stages of encephalopathy but was
insensitive to hypothermia (Fig. 3). Similarly, expression of von
Willebrand factor, a multimeric adhesive glycoprotein, was
decreased 1.5-fold (p < 0.01) in normothermic ALF rats at coma
stages of encephalopathy and this decrease was also insensitive to
hypothermia (Fig. 4). Expression of the structural protein
caveolin-1, endothelin-1 and the multidrug resistance P-glyco-
protein were not altered in ALF rats irrespective of body
temperature (Figs. 5-7).

p<0.001 p<0.001
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Fig. 1. Normalization of water content of cerebral cortex in ALF rats by mild
hypothermia. Brain water content in rats with ALF due to hepatic devascularization
compared to sham-operated controls. Normothermic ALF rats (ALF-37) had
significantly higher (p < 0.001) brain water content compared to sham-operated
controls (SHAM), ALF rats 6 h post-HAL (ALF-6 h) or hypothermic ALF rats (ALF-35).
Data points represent individual animals and horizontal bars indicate mean values
of n=6 animals per treatment group.
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Fig. 2. Increased expression of eNOS in cerebral cortex and its prevention by mild
hypothermia in experimental ALF. Endothelial nitric oxide synthase (eNOS) mRNA
expression in rats with ALF due to hepatic devascularization compared to sham-
operated controls. Normothermic ALF rats (ALF-6 h, ALF-37) had significantly
higher steady-state levels of eNOS mRNA compared to sham-operated controls
(SHAM) or hypothermic rats (ALF-35). *p < 0.05 and “*p < 0.01 vs. sham-operated
controls; ***p < 0.01 vs. ALF-37.

4. Discussion

Results of the present study reveals that ALF due to hepatic
devascularization leads to selective alterations in expression of
genes coding for key proteins of the neurovascular unit and BBB.
Coma stages of encephalopathy were accompanied by increased
expression of eNOS and decreased expression of the TJ protein
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Fig. 3. Loss of expression of occludin in cerebral cortex in experimental ALF.
Expression of occludin (Occ) mRNA in rats with ALF due to hepatic
devascularization compared to sham-operated controls. Normothermic (ALF-37)
and hypothermic (ALF-35) ALF rats had significantly lower steady-state levels of
Occ mRNA compared to sham-operated controls. ‘p < 0.001 vs. sham-operated
controls.
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Fig. 4. Loss of expression of van Willebrand factor in cerebral cortex in experimental
ALF. Expression of von Willebrand factor (vWF) mRNA in rats with ALF due to
hepatic devascularization compared to sham-operated controls. Normothermic
(ALF-37) and hypothermic (ALF-35) ALF rats had lower steady-state levels of VWF
mRNA compared to sham-operated controls (SHAM). “p < 0.01 and **p < 0.001 vs.
sham-operated controls.

occludin and von Willebrand factor. No significant alterations in
expression of endothelin or caveolin-1 were evident in the brains
of ALF rats at comparable stages of encephalopathy. The precise
mechanisms responsible for increased expression of eNOS in ALF
are not completely understood. However, a previous study
demonstrated that ammonia could be implicated since increased
eNOS immunoreactivity was reported in the brains of portacaval
shunted rats administered ammonia infusions (Blei, 2005) as well
as in rats with thioacetamide-induced ALF (Hernandez et al., 2004)
both of which manifest brain edema and severe encephalopathy
progressing to coma. Increased eNOS has the potential to cause
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Fig. 5. Expression of caveolin in cerebral cortex in experimental ALF. Expression of
Caveolin (Cav) mRNA in rats with ALF due to hepatic devascularization compared to
sham-operated controls. Normothermic ALF rats (ALF-37) had similar steady-state
levels of Cav mRNA compared to sham-operated controls (SHAM).
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Fig. 6. Expression of endothelin-1 in cerebral cortex in experimental ALF.
Expression of endothelin-1 (ET-1) mRNA in rats with ALF due to hepatic
devascularization compared to sham-operated controls. Normothermic ALF rats
(ALF-6 h and ALF-37) had similar steady-state levels of ET-1 mRNA compared to
sham-operated controls (SHAM) or hypothermic rats (ALF-35).

increased production of nitric oxide (NO), vasodilatation and
cerebral hyperemia. Increased cerebral blood flow results in
increased delivery of ammonia to the brain (Ott and Larsen, 2004),
a phenomenon that has been implicated in the pathogenesis of
brain edema in ALF (Blei, 2001). In favor of this mechanism,
administration of the vasoconstrictor indomethacin has been
shown to normalize cerebral perfusion and prevent brain edema
both in ALF rats (Chung et al., 2001) and in patients with ALF
(Tofteng and Larsen, 2004).

Mild hypothermia completely prevented encephalopathy and
brain edema in the present study and concomitantly led to
normalization in expression of eNQOS suggestive of a causative role.
However, these conclusions are tempered by the finding of a poor
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Fig. 7. Expression of P-glycoprotein in cerebral cortex in experimental ALF.
Expression of P-glycoprotein P (P-gp) mRNA in rats with ALF due to hepatic
devascularization compared to sham-operated controls. Normothermic ALF rats
(ALF-37) had similar steady-state levels of P-gp mRNA compared to sham-operated
controls (SHAM).

correlation between encephalopathy/edema at the 6 h time point
suggesting that, at early stages, factors other than eNOS-derived
NO also contribute to the pathogenesis of the early neurological
complications of ALF. Such alternative or additional factors include
brain glutamine accumulation, increased brain lactate and the
presence of proinflammatory cytokines, all of which have the
capacity to cause cell swelling and to contribute to the pathogen-
esis of HE and brain edema in ALF (Albrecht and Norenberg, 2006;
Staub et al., 1990; Lazovic et al., 2005).

Loss of expression of the genes coding for the T] protein occludin
and VWF in brain extracts from ALF rats at coma stages of
encephalopathy in the present study add to a growing body of
evidence that the BBB is dysfunctional in ALF. Although there is no
convincing evidence for physical breakdown of the barrier (Larsen
et al., 1997), electron microscopic studies previously described
discrete changes including swelling of both astroglia and cerebro-
vascular endothelial cells in the brain of ALF patients (ICato et al.,
1992). Morphologic studies in hepatectomized rats reveal increases
ofvesiculardensity of the capillary endothelium (Potvin et al., 1984).
Previous studies in mice exposed to the hepatotoxin azoxymethane
demonstrated decreased expression of the T] scaffolding protein
zona occludens-2 and increased activity of matrix metalloprotei-
nase-9. However, in contrast to the present study, azoxymethane-
treated mice manifest clear signs of physical brealkdown of the BBB
including extravasation of sodium fluorescein and Evans Blue
(Nguyen et al., 2006; Shimojima et al., 2008). Moreover, although
results of the present study show loss of expression of occludin and
VWF in the brain of hepatic devascularized rats, hypothermia
sufficient to prevent edema and encephalopathy in these animals
did not lead to attenuation of decreased T] expression suggesting
that these changes are not implicated in the pathogenesis of
encephalopathy or brain edema in these animals. These findings
underscore the notion that in this model of ALF, there is no
convincing evidence that breakdown of the BBB and vasogenic
edema contribute in amajor way to the pathogenesis of HE and brain
edema. Similar conclusions were previously reached showing
electron microscopic studies in ALF patients (Kato et al., 1992).

In summary, results of the present study demonstrate selective
alterations in expression of genes coding for eNOS, as well as the TJ
protein occludin and vWF in the brains of rats at coma/edema stage
of encephalopathy with ALF due to hepatic devascularization.
Further studies will be required in order to determine the
corresponding changes in proteins. Mild hypothermia sufficient
to prevent encephalopathy and brain edema in these animals led to
normalization of expression of eNOS but had no effect on
expression of T] proteins suggesting that cerebrovascular endothe-
lial cell dysfunction but not BBB breakdown was implicated. At
early stages of ALF, there was no significant correlation between
encephalopathy/edema and increased eNOS expression suggesting
the presence of additional (or alternative) mechanisms. Such
mechanisms could include brain accumulation of glutamine or
lactate as well as the presence of proinflammatory cytokines. These
findings underscore the likely multifactorial nature of the
mechanisms implicated in the pathogenesis of the neurological
complications of ALF and suggest that BBB disruption is not a major
feature of ALF due to liver ischemia.
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Abstract Alterations of the brain dopamine system have been implicated in the
neurological complications of chronic liver failure. The present study was aimed at
the measurement of dopamine D, binding sites in cirrhotic patients by positron
emission tomography (PET) using ''C-N-methylspiperone as ligand. The regions of
interest (ROI) were designated on a three-dimensional stereotaxic ROI template
(3DSRT). The pixel values of twelve ROIs corrected by the pixel value of the
cerebellum after 80 min static scanning were used to quantitate changes in binding.
D> binding sites were significantly decreased in the hippocampus and thalamus of
cirrhotic patients and were positively correlated with serum bilirubin levels and
Child-Pugh scores and were negatively correlated with prothrombin times
(thalamus). Loss of D, sites was greater in thalamus and hippocampus of alcoholic
cirrhotics compared to non-alcoholics. Statistically significant correlations were also
observed between D, binding sites in hippocampus, thalamus and lenticular nuclei
and history of overt encephalopathy. These findings suggest that D, receptor binding
in some regions of brain in cirrhotic patients is influenced by factors such as the
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severity of liver damage and history of alcohol dependency or overt encephalopathy.
Alterations of D, receptor sites indicative of dopaminergic synaptic dysfunction
could play an important role in the pathogenesis of the cognitive and motor
disturbances associated with chronic liver failure.

Keywords Dopamine D, receptor - Positron emission tomography - Liver cirrhosis -
Hepatic encephalopathy - ' C-N-methylspiperone - Alcohol dependency

Intreduction

Neuropsychiatric complications of chronic liver disease include sleep patterns and
levels of consciousness as well as motor symptoms similar to those observed in
Parkinson’s disease. These extrapyramidal svmptoms arc generally believed to be
attributable to disorders of dopaminergic neurotransmission in the basal ganglia
(Weissenborn and Kolbe 1998; Weissenbormn et al. 2000). Previous studies have
revealed increased levels of dopamine metabolites (Bergeron et al. 1989) in the
brains of cirrhotic patients dying in hepatic coma and reduced dopamine D, recepior
sites in this same material (Mousseau et al. 1993). However, studies to assess the
brain dopamine system in cirrhotic patients in vivo have so far been limited to a
single case report using SPECT (Weissenborn et al. 2000).

In the present study. we examined dopamine D> receptor binding in cirrhotic
patients using Positron Emission Tomography (PET) and the dopamine D, receptor
ligand ''C-N-methylspiperone (MSP). Receptor binding in these paticnts was
assessed as a function of the severity of liver disease. patient age. prior episodes
of hepatic encephalopathy (HE) and clinical laboratory parameters.

Subjects and methods

Subjects

Twenty eight patients with biopsy-confirmed cirrhosis who presented at Iwate Medical
University hospital, between April 2002 and April 2005, were included in the study.
Three healthy individuals served as controls, the limited number of healthy controls in
the study results from the inherent high cost of PET investigations. Consequently, a
stratification paradigm comparing cirrhotic patients with or without exposure to alcohol.
prior episodes of HE or ascites was used in the present studies. Informed consent was
obtained from all subjects (patients and controls). No patients manifested overt
encephalopathy at the time of the study. Patients with overt psychiatric or neurological
disorders or receiving treatment with neuroleptic drugs or with any history of exposure
to psychoactive/neuroactive medication known to affect the dopaminergic system
(antidepressants, antipsychotics, amphetamines, etc.) were excluded. Alcohol depen-
dence was defined as alcohol intake of 75 g per day for five years or more.

Patient profiles are shown in Table 1. The age did not differ significantly between
the healthy control subjects (mean+SD: 51.7£16.3; range 34 to 66) and the cirrhotic
patients (mean+SD: 58.0+£10.2; range: 41 to 75).
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