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Free accumulated B-catenin translocates into the nucleus and
forms a complex with the transcription factor T cell factor,
thereby activating the transcription of target genes, including
cyclin D1 and c¢-Myc, and thus contributing to abnormal
proliferation and tumor progression (37, 38). Therefore,
supplementation with BCAA, which targets insulin-associated
and IGF-associated B-catenin accumulation by decreasing the
levels of p-Akt and p-GSK-3p proteins (Fig. 2D), might be an
effective strategy to prevent the development of CRC.

In addition to the beneficial effects mentioned above, BCAA
has other physiologic activities that might be useful to prevent
the development of CRC. For instance, supplementation with
BCAA is capable of reducing the production of oxidative stress
and microinflammation in patients with liver cirrhosis, which
possibly leads to a decrease in the occurrence of hepatocellular
carcinoma (39). [n the current study, BCAA caused a decrease
in the expression of the COX-2 protein in the colonic mucosa
of AOM-treated db/db mice (Fig. 2D). COX-2 is one of the main
mediators in the inflammatory signaling pathway and is
certainly involved in CRC development; therefore, it might be
a critical target for CRC chemoprevention (40). This effect
might be explained by the inhibitory effect of BCAA on the IGF/
IGF-IR axis because the activation of this axis mediates COX-2
expression (41, 42). Additional studies are required to clarify
the direct effects of BCAA on inflammation and their relevance

In summary, the prevention of CRC by targeting the
dysregulation of energy homeostasis, especially insulin resis-
tance and the activation of the IGF/IGF-IR axis, might be a
promising strategy for obese people who are at an increased risk
of CRC. BCAA seems to be a potentially effective and critical
candidate for this purpose because this agent can improve
insulin resistance while also exerting a depressant effect on the
IGF/IGF-IR axis. The current findings, as well as those from a
previous report (11), also suggest the possibility of using
specific agents that target insulin resistance as chemopreventive
agents for other obesity-related and diabetes mellitus - related
malignancies. Therefore, insulin resistance -improving agents,
including BCAA, are worthy of being further investigated as
candidates for novel chemopreventive agents that may find a
potential role in the society today, in which excessive body
weight has been found to be associated with the risk of various
types of human epithelial malignancies (43, 44).
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Abstract Objective: Protein—energy malnutrition is frequently observed in patients with liver cirrhosis and is
associaled with their poor prognosis. Tumor nccrosis factor-a (TNF-a) is elevated in those patients and
may contribute to the alterations of energy metabolism. Our aim was to characterize the aberrant
encrgy metabolism in cirrhotic patients with regard to TNF-a.

Methods: Twenty-four patients (mean age 65 * 6 y) with viral liver cirrhosis who did not have he-
patocellular carcinoma or acute infections were studied. Twelve healthy volunteers were recruited after
matching for age, gender, and body mass index with the patients and served as controls (59 * 8 y).
Serum levels of TNF-a, soluble 55-kDa TNF receptor (STNF-R55), soluble 75-kDa TNF receptor
(sTNF-R75), and leptin were determined by immunoassay. Substrate oxidation rates of carbohydrate
and fat were estimated by indirect calorimelry after overnight bedrest and fasting.

Results: In cirrhotic patients, serum levels of TNF-«, sSTNF-RSS, and sTNF-R75 were significantly
higher than those in the controls and correlated with the increasing grade of disease severity as defined
by Child-Pugh classification. Scrum leptin concentration was not different between cirrhotics and con-
trols but correlated with their body mass index. The decrease in substrate oxidation rate of carbohy-
drate and ihe increase in substrate oxidation rate of fat significantly correlated with serum TNF-a,
sTNF-R55, and sTNF-R75 concentrations.

Conclusion: Tumor necrosis factor-& might be associated with the aberrant cnergy metabolism in
patients with liver cirrhosis. © 2009 Elsevier Inc. All rights rescrved.

Liver cirrhosis; Tumor necrosis factor-a; Soluble 35-kDa tumor necrosis factor receptor; soluble 75-kDa tmor
necrosis factor receptor; Leptin; Indirect calorimetry; Prolein—energy malnutrition

Keyworeds:

correlates with a worse event-free survival of cirrhotics
15,7.3}. However, the mechanisms underlying energy malnu-
trition in cirrhosis have not been elucidated enough [2]. Can-
didate causes for this stale include enhanced secretion of

Introduction

A significant proportion of patients with liver cirrhosis
shows protein—energy malnutrition (PEM) |1.2], and PEM

leads 10 poor prognosis in these cases [3-3|. Energy metabo-
lism and nutritional status can be estimated, for example, by
indirect calorimetry [5.6] and by anthropometry, such as
triceps skinfold thickness (TSF) and arm muscle circumnfer-
ence (AMC) [7]. Impaired energy metabolism significantly

* Corresponding author. Tel.: +81-38-230-6308; fax: +81-38-230-6310.
E-mail address: mshiraki-gil@umin.ac.jp (M. Shiraki).

0899-9007/09/% — see front matter © 2009 Elsevier Inc. All righis reserved.
doi:10.1016/5.0u1.2009.04.016

cytokines such as tumor necrosis factor-a (TNF-a) and
adipokines represented by leptin in liver cirrhosis, because
both induce anorexia and increase energy expenditure,
leading to physical wasting {9-11].

Tumor necrosis factor-«, or cachectin, is a proinflamma-
tory cytokine and is released mainly from monocytes and
lymphocytes in response lo inflammatory stimuli [12].
TNF-« is also postulated to play a role in the development
of anorexia or physical wasting and to regulate energy
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Table |
Baseline demographic characteristics, body composition. blood biochemistry, and calorimetric data in cirrhotic patients and control subjects™
Controls (1 = 12)  Cirrhosis (n = 24)  P* ChildA(n=9) ChildBw=9) ChildCn =6 P

Age (y) 58.5 (48-68) 64 (64-75) Q.31 63 (58-69) 67 (63-75) 61 (54-76) 0.10
Male/female 8/4 16/8 0.58 6/3 5/4 51 0.90
Height {cm) 168 (153-173) 159 (143-173) <0.05 159 (145-170) 136 (143-166) 161 (144-173) 0.67
Weight (kg) 62 (54—66) 59 (47-87) 0.36 64 (48-74) 56 (39-67) 59 (47-87) 0.5t
Body mass index (kg/mz) 22.0 (20.8-24.3) 21.3(17.3-26.9) 0.42 22.9(19.0-26.9 22.1 (17.0-29.0) 18.5 (17.7-22.5) 0.11
Arm muscle circumference (%) 101 (85-107) 96 (78-107) 0.59 104 (87-112) 91 (72-108) 95 (78~105) <0.01
Triceps skinfold thickness (%) 139 (82-200) 92 (46-180) <0.01 104 (84~181) 92 (46-138) 80 (55-168) 0.05
Total bilirubin (mg/dL) 0.7 (0.4-0.9) 1.4 (0.7-6.6) <0.01 1.2(0.7-1.9) 1.4 (0.4-2.5) 3.5(1.4-6.5) <0.01
Albumin (g/dL) 4.6(4.24.3) 3.1 (2444 <0.01 33444 3.0(2.5-3.3) 2.8 (2.0-3.4) 0.07
Alanine aminotransferase (IU/L) 18 (8-25) 50 (22-140) <0.01 71 (22-140) 39 (26-106) 46 (38-69) 0.10
Prothrombin lime (%) 98 (94-102) 69 (30-150) <0.01 83 (55-150 62 (47-87) 50 (30-65) <0.01
TNF-a (ng/L) 3.0 (2.0-3.5) 8.3(5.0-19.0) <0.01 6.6 (5.0-11.0) 9.4 (7.4-15.1) 12.3(7.0-19.0) <0.01
sTNF-R35 (ng/L) 1025 (773-1450) 2505 (1390-50000  <0.01 1575 (1350-5000) 2680 (2000-5000) 3240 (2840-5000) <0.01
STNF-R?35 (ng/L) 1805 (1460-2360) 4255 (1840-3000) <0.01 3210 (1840-3000) 4900 (3920-5000) 4800 (4000-3000) <0.01
Leptin (ug/L) 43 (3.2-5.4) 4.7 (1.5-17.5) 0.95 6.3 (2.9-17.5) 3.8 (1.5-13.9) 2.8(1.7-8.3) 0.09
REE (kcal/d) 1330 (1140-1450) 1188 (892-1830) 0.41 1507 (9%1-1830)  1(88 (1011-1826) 1635(1011-1342) 0.36
BMR (kcal/d) 1355 (1163-1428) 1170 (1077-1760) 0.09 1250 (1110-1530) 1160 (350-1380) 1170 (1077-1760) 0.47
npRQ 0.91 (0.87-0.94) 0.84 (0.70-0.97) <0.01  0.88 (0.84-0.97) 0.83 (0.77-0.86) 0.75 (0.70-0.80y <0.01
CHO (%) 50.4 (42.0-56.3) 39.9 (18.4-61.6)  <0.01 42.3(25.7-61.6) 39.7 (18.4—48.7) 25.4(19.9-30.60  <0.01
FAT (%) 29.1 (22.6-37.2) 37.5 (23.0-61.6) <0.01  31.0(25.9-33.9) 38.0 (23.0-55.5) 61.0 (43.9-61.6) <0.01
PRO (%) 20.7 (11.6-26.4) 22.7(5.2-32.3) 043 238 (11.8-33.) 25.2(5.2-32.3) 14,3 (12.9-23.5) 0.08

BMR. basal metabolic rate predicted by the Harris-Benedict formula; Child, Child-Pugh grade: CHO., substrate oxidation rate of carbohydrate: FAT. subsiraie
oxidation rale of fat; PRO, substrate axidation rate of protein: REE, resting energy expenditure; TNF-a, tumor necrosis factor-c: npRQ. non-protein respiratory
quotient; sTNF-R33. soluble 55-kDa tumor necrosis factor receptor: sTNF-R73. soluble 75-kDa tumor necrosis factor receplor.

* Values are expressed as median (range).

' Between controls and cirrhosis by Fisher's exact test or Mann-Whitney U test.
! For distribution among Child-Pugh grades by chi-square test or one-way analysis of variance.

metabolism [9.10]. The actions of TNF-« are mediated by
two distinct cell-suslace receplors, soluble 55-kDa tumor ne-
crosis factor receptor (STNF-R55) and soluble 55-kDa tumor
necrosis factor receptor (STNF-R75) [[2—-14]. These two re-
ceplors also exist in soluble form after their extracellular
domains have been cleaved proteolytically [rom the cell sur-
face. These soluble receptors can block TNF-« activity by
competing with cell-surface TNFR or prolong the biological
elfect of TNF-a as a buffer system. Because circulating
TNFR levels remain elevated for a longer period than TNF-
. itis proposed that STNFR {evels may serve as a more sen-
silive means of monitoring the activity of the TNF-« syslem.
In previous reports, serum TNF-ar, sSTNF-R 55, and sTNF-R75
concentrations were elevated in cirrhotic patients [ 15.16], cor-
relating with severity of liverdamage { 16— 18]. However, little
has been studied regarding the relation between TNF-« and
alternations of energy metabolism in cirrhosis [ 19].

Leptin, a 16-kDa protein product by adipocytes, is postu-
lated to regulate energy balance by suppressing appetite and
increasing energy expenditure [11]. In several studies, serum
leptin concentrations were elevated in cirrhotic patients,
which suggested that leptin might play a role in the develop-
ment of anorexia or physical wasting associated with cirrho-
sis {20-22).

Thus. in this study we aimed to test whether elevated se-
rum concentrations of TNF-a. STNF-R55, sTNF-R73, and
leptin are associated with the aberrant energy metabolism
in patients with liver cirrhosis.

Materials and methods

Patients

Twenty-lour patients with liver cirrhosis (16 men and 8
women, mean age 65 = 6 y) participated in this study. Liver
cirrhosis was diagnosed by clinical and laboratory profiles
and by histologic examination of liver biopsy specimens.
Child-Pugh grade of disease severity {23] was A in nine
cases, B in nine cases. and C in six cases. Hepatitis C virus
was the cause of cirrhosis in all cases. Patients with physi-
cally detectable ascites or peripheral edema ol moderate Lo
severe grade [8] were excluded. Patients with hepatocellular
carcinoma, fever, human immunodeficiency virus infection,
overt infectious disease (septicemia, pneumonia. urinary tract
infection). renal insufficiency, or under immunomodulatory
therapy were also exciuded. Clinical profiles of the patients
are presented in Table . Twelve healthy volunteers were re-
cruited after matching for age. gender. and body mass index
(BMI) with the patients and served as controls (eight men and
four women, mean age 39 = 8 y). The study protocol was ap-
proved by the institutional review board for human research,
and informed consent was obtained from all participants. The
study prolocol was in agreement with the 1975 Helsinki Dec-
laration as revised in 1983. We maiched the patients and the
controls not only by age and gender but also by BMI, because
obesity is reported to affect significantly the histologic grade
of hepatic fat deposition, inflammation, and fibrosis even in
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chronic viral hepatitis (24,25}, thus reducing the functional
reserve of the liver.

Methods

Blood was drawn in the early morning for fasting serum
concentrations of TNF-«, sTNF-R55, sTNF-R75, leptin,
and routine laboratory examinations on the day of metabolic
studies. Serum albumin, total bilirubin, alanine aminotrans-
ferase, prothrombin activity, and urinary nitrogen (UN)
were measured with a standard clinical analyzer at the central
laboratory in our hospital. Serum TNF-«, sTNF-RS5, and
sTNF-R75 were determined in duplicate with an enzyme-
linked immunosorbent assay (R&D Systems, Minneapolis,
MN, USA). Serum leptin was measured in duplicate by radio-
immunoassay (Linco Research, Inc., St. Louis, MO, USA).

Metabolic studies were carried out using an indirect calorim-
eter (Deltatrac Metabolic Monitor, Datax Division Instrumenta-
rum Corp., Helsinki, Finland) to estimate non-protein
respiratory quotient (npRQ), resting energy expenditure
(REE), and substrate oxidation rates of carbohydrate (%CHQO),
fal (%FAT), and protein (%PRO) from measured oxygen con-
sumption per minute (V0,), carbon dioxide production per min-
ute (Vco,) and total UN using the following equations [26-28].

REE = 5.50 Vo, + 1.76 Vco, — 1.99 UN
CHO(g/24 h) = 5.926 Vo, — 4.189 Vco, — 2.539 UN
FAT(g/24 h) = 2.432 Vo, — 2.432 Vco, — 1.943 UN
PRO(g/24 h) = 6.250 UN

npRQ = (144 X VCOI —4.890 UN)/
(1.44 X Vo, — 6.04 UN)

%CHO = CHO X 4.18/REE X 100
%FAT = FAT X 9.46/REE X 100

%PRO = PRO X 4.32/REE X 100

Measurements were performed between 07:00 and 09:00 h
while the patients were still lying in bed. The last meal was
served 18:00 h on the previous day. The basal metabolic
rate was predicted by the Harris-Benedict formula [29].

We measured height and body weight and calculated BMI.
Arm circumference and TSF were measured with an Insertape
and Adipometer (Abbott Japan Co., Ltd.. Tokyo, Japan), and
AMC was estimated. Anthropometric data were standardized
according to age- and gender-stratified Japanese anthropo-
metric reference data [30] and expressed as percentages of
TSF and AMC.

Statistical analysis

Values were expressed as median and range. Comparisons
between groups were analyzed using Mann-Whitney U or
Kruskal-Wallis non-parametric test. .Comparison between
measured REE and corresponding Harris-Benedict predic-
tion was performed by paired ¢ test. The relation among blood
test parameters and substrale oxidation rates or Child-Pugh
grade was determined by Spearman’s correlation.

All analyses were carried out using JMP 5.0 (SAS Insti-
tute, Cary, NC, USA) and statistical significance was ac-
cepted at P < 0.05.

Results

Serum concentrations of TNF-ee, sSTNF-R55, sSTNF-R73,
and leptin

Cirrhotic patients had significantly lower %TSF and
%AMC in parallel with the increasing Child-Pugh score
(Table 1), suggesting the presence of PEM in these subjects.

The median serum concentrations of TNF-c, sSTNF-R53,
and sTNF-R75 were significantly higher in cirrhotic patients
than in controls (Table 1). Serum TNF-«, sTNF-R35, and
sTNF-R75 levels correlated with the increasing grade of dis-
ease severily as defined by the Child-Pugh classification in
patients with liver cirrhosis (Table 1, Fig. 1).

Serum leptin concentration did not differ between cir-
rhotic patients and controls or correlate with Child-Pugh
score (Table 1), but correlated with their BMI (Fig. 2).

Energy metabolisni

Measured REE (1188 kcal/d, 892—-1830 kcal/d) was sig-
nificantly higher than the basal metabolic rate (1170 kcal/d.
1077-1760 kcal/d) predicted by the Harris-Benedict formula
in liver cirrhosis (P < 0.01), whereas both agreed well in con-
trof subjects.

The npRQ in patients with liver cirrhosis (0.84, 0.70-
0.97) was significantly lower than that in control subjects
(0.91, 0.87-0.94, P < 0.01). Decrease in npRQ was brought
about by a significantly lower oxidation rate of carbohydrale
and a higher oxidation rate of fat in patients with liver cirrho-
sis compared with control subjects (Fig. 3). A decrease in
%CHO and an increase in %FAT significantly correlated
with the progression of disease severily in patients with liver
cirrhosis as defined by the Child-Pugh classification (Fig. 3).

Correlation between serum cytokine levels and oxidation
rates of nutrients in patients with liver cirrhosis

Inverse correlations were found between %CHO and se-
rum concentrations of TNF-a, sTNF-R3535, and sTNF-R75
(Fig. 4, Table 2). Significant correlations were observed be-
tween %FAT and serum concentrations of TNF-«, sTNF-
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Fig. 1. Serum levels of TNF-q, sSTNF-RS3, and sTNF-R75 in control subjects (n = 12) and in patients with liver cirthosis (n = 24) graded by Child-Pugh clas-
sification (n = 9,9. and 6 for grades A, B, and C, respectively). Horizontal line indicates the median. * P < 0.05 compared with control. Child. Child-Pugh grade:
STNF-R55, soluble 55-kDa wmor necrosis factor receptor: sSTNF-R75. soluble 75-kDa tumor necrosis factor recepior receptor: TNF-a. tumor necrosis Factor-c.

RSS, and STNF-R75 (Fig. 5, Table 2). However, %PRO did
not correlale with serum concentrations of these cytokines.

Other intercorrelations among cylokines, leptin, substrate
oxidation rates, and Child- Pugh grade in patients with liver
cirrhosis are presented in Table 2. Serum leptin did not cor-
relate with %CHO or %FAT. Serum leptin did not correlate
with TNF-«. sTNF-RSS, or sTNF-R75.

Correlations of serum cyrokine and leptin levels with
parameters of liver damage in cirrhotic patients

The serum concentrations of TNF-q, sTNF-R33, and
STNF-R75 correlated significantly with Child-Pugh score

(Table 2), prothrombin time, total bilirubin. and albumin in
patients with liver cirrhosis. However. serum leptin level
showed no correlation with such paramelers (data not
shown).

Discussion

Because Lhe liver plays a central role in fuel and energy
melabolism. PEM is common in patients with liver cirrhosis
[1.2]. Recenlly, several studies have elucidated the relation
between PEM and event-free survival in patients with liver
cirrhosis [3-5.31.32]. Thus. PEM is an important outcome
marker and a therapeutic target in cirrholic patients.

[t has been reported that the fasting oxidation rale of glu-
cose is decreased and that of fat is increased in patients with

Leptin
(ul‘i’/l) liver cirrhosis [3.6.26]. Such aberrant energy metabolism
° consequently decreases npRQ in cirrhotics [5.6.26]. It also
15 * has been reported that this decrease of npRQ closely corre-
b lates with survival in patients with liver cirrhosis [3]. As con-
. ¢ firmed in this study. npRQ in liver cirrhosis was significantly
104 ° . ° lower than that in control subjects. The decrease in npRQ was
e O o control brought about by a significantly lower oxidation rale of car-
5 o@@, oo © @ cirrhosis bohydrate and higher oxidation rate of fat in patients with
) liver cirrhosis compared with control subjects. A decrease
.." in %CHO and an increase in %FAT significantly correlated
0 T T with the progression of disease severity in palients with liver
15 0 B kg cirrhosis as defined by the Child-Pugh classification. These

Body iMass Index

Fig. 2. Correlation between body muss index and serum leptin level in cir-
rhotic patients (closed circles) and controls (open circles: n = 36.
r=0.735.P < 0.05).

characteristics of energy metabolism in liver cirrhosis agree
well with those in previous reports [5.6.26]. suggesting that
the patients recruited in the present study can be regarded
as representalive of a general cirrhotic cohort. Regarding
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Fig. 3. Substrate oxidation rates of protein, fat, and carbohydrate in control subjects (1 = 12) and in patients with liver cirrhosis (# = 24) graded by Child-Pugh
classification (7 = 9,9, and 6 for grades A, B, and C, respectively). Values are expressed as mean. * P < 0.03, ** P < 0.01 compared with control. Child. Child-

Pugh grade.

%TSF as another parameter of energy nutrition, the patients
actually showed a significantly lower value than the controls
with a similar BMI. However, we should point out the possi-
bility that the patients could have had an overestimated BMI
due 10 the presence of excess fluid before the appearance of
detectable ascites or moderale to severe peripheral edema.
Tumor necrosis factor-« is a proinflammatory cytokine
and postulated to regutate energy metabolism [9.10.33]. In
previous reports, TNF-« increased glucose (~10%) and
free fatty acid (~ 126%) turnover and raised REE (~ 34%)
[9.10.33]. The actions of TNF-« are mediated by two distinct

cell-surface receptors. We measured not only serum TINF-
« concentration but also sSTNF-R35 and sTNF-R75 concen-
trations for a couple of reasons. First, it is known that
sTNF-R shedding is induced by the same stimuli that activate
TNF-« production. Second, it has been shown that STNF-R
levels remain elevated for a longer time than TNF-e itself.
Taken together, sSTNF-R leveis could confirm the stimulated
state of the TNF-a system and could reflect the state until
later after stimuli.

In this study, serum TNF-a., sSTNF-R55, and sTNF-R73
concentrations were significantly higher in cirrhotic patients
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Fig. 4. Correlation between the oxidation rate of carbohydrate and serum TNF-a, sTNF-R33, or sTNF-R73 in patients with liver cimrhosis (# = 24). For corre-
lation coefficients and statistical significance, see Table 2, sTNF-R33, soluble 55-kDa tumor necrosis factor receptor; sTNF-R73, soluble 75-kDa tumor necrosis

factor receptor receptor; TNF-q, tumor necrosis factor-a.
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Table 2
Intercorrelation coefficients among cytokines. leptin. substraie oxidation
rates. and Child-Pugh score in patients with liver cirrhosis

TNF-« sTNF-R55 STNF-R75 %CHO %FAT Leptin
sTNF-R55  0.32
sTNF-R75  043* (.85
%CHO —0.56' —0.44* —0.417
%FAT 0.72° 06l 061 -0.82°
Leptin -0.15  -0.01 0.06 008 -0.02
Child-Pugh  0.63' 0.6l 0.61' -0.64" 078 —0.36
score

%CHO. substrate oxidation rate of carbohydrate: %FAT, substrate oxida-
tion rate of fat; TNF-a. tumor necrosis factor-a; sTNF-R33. soluble 55-kDa
wmor necrosis factor receptor: sTNEF-R75, soluble 75-kDa tumor necrosis

factor receptor.
# P <005,
'p <00l

than in controls, and they correlated with the increasing grade
of disease severily as defined by the Child-Pugh classification
in patients with liver cirrhosis. Among damaged liver func-
tions in cirrhosis, the high activity of the TNF-a system
may particularly be related to a decrease in hepatic clearance
of endotoxins, the presence of portosystemic shunts, and the
systemic spillover of intestinal endotoxins by portal hyper-
tension {15,34]. Another explanation is that the presence of
chronic viral inflammation could be the reason for the ele-
vated proinflammatory cytokines including TNF-a [35.36].

Moreover, inverse correlations were found between
%CHO and serum concentrations of TNF-¢, sTNF-R55,
and sTNF-R75 in this study. Significant correlations were ob-
served between %FAT and serum concentrations of TNF-a,
sTNF-RS55, and sTNF-R75. As described previously., TNF-

« induces free fatty acid oxidation more efficiently than glu-
cose oxidation [6.9.10]. In addition, the production of
adenosine triphosphate by §-oxidation of free fatty acids is
much greater than that by glucose oxidation. Hence, TNF-
a seems o raise %FAT more directly and 10 contribute to
whole aberrant energy metabolism subsequently in liver cir-
rhosis by altering the proportion of fat oxidation to carbohy-
drate oxidation.

Serum leptin is another candidate factor to alter energy
balance by its wasting action and is reported to be actually
high in patients with liver cirrhosis [I1.20-22]. However,
in this study. serum leptin concentration did not differ
between cirrhotic patients and controls. Moreover, serum lep-
lin level showed no correlation with energy metabolism pa-
rameters measured by indirect calorimetry. Most previous
studies regarding leplin recruited patients with alcoholic cir-
rhosis [20.22}, whereas all patients in our investigation had
cirrhosis caused by hepatitis C virus. This ditference in the
cause ol liver damage may account for the disagreement
between previous reports and the present one.

Regarding the correlation between TNF and aberrant en-
ergy melabolism, we should point out a possibility that the
correlation may merely arise from an association between cy-
tokine levels and Child-Pugh grade, as shown in Figure 1.and
that between substrate oxidation rates and the grade. as pre-
sented in Table 2. To support our hypothesis that the correla-
tion between TNF and energy metabolism is independent of
the degree of liver damage. we statistically tested the relation
by confining subjects to those with each Child-Pugh grade. In
each subgroup that was controlled or grade, TNF and %FAT
relained the significant correlation (e.g..r =0.81. P < 0.01 in
Child-Pugh grade A). These results strengthen our statement
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Fig. 5. Correlation between the oxidation rate of fat and serum TNTF-a, sTNF-R33, or sTNF-R75 in patients with liver cirrhosis (n = 24). For correlation co-
efficients and statistical significance, sce Tuble 2. sSTNF-RS3, soiuble 55-kDu tumor necrosis factor receptor; sSTNF-R75, soluble 75-kDa tumor necrosis factor

receptar receptor: TNF-c, tumor necrosis factor-c.
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that TNF-oe might be associated with aberrant energy metab-
olism in patients with liver cirrhosis.

Taken together, it seems more likely that the high activity
of the TNF-« system mediates the aberrant energy metabo-
lism in patients with liver cirrhosis. To directly demonstrate
this possibility, future clinical trials would be required to
test whether or not the therapy to decrease the high TNF-
@ activity might correct the aberrant energy metabolism in
patients with liver cirrhosis, by using such modalities as an-
tibiotics and lactulose that control the intestinal bacterial flora
or anli—-TNF-« antibody.

In summary, the TNF-« system in patients with liver cir-
rhosis was activaled and correlated with disease activity. The
significant correlation of serum TNF-e, sTNF-R55, and
sTNF-R75 with the aberrant energy metabolism suggested
that activation of the TNF-c system contributed to cirrho-
sis-associated PEM.
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Dietary supplementation with branched-chain
amino acids suppresses diethylnitrosamine-induced
liver tumorigenesis in obese and diabetic

C57BL/KsJ-db/db mice
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Obesity and related metabolic abnormalities, including insulin resis-
tance, are risk factors for hepatocellular carcinoma in non-alcoholic
steatohepatitis as well as in chronic viral hepatitis. Branched-chain
amino acids (BCAA), which improve insulin resistance, inhibited
obesity-related colon carcinogenesis in a rodent model, and also
reduced the incidence of hepatocellular carcinoma in obese patients
with liver cirrhosis. In the present study, we determined the effects
of BCAA on the development of diethylnitrosamine (DEN}-induced
liver tumorigenesis in obese C57BL/Ksl-db/db (db/db} mice with
diabetes mellitus. Male db/db mice were given tap water contain-
ing 40 ppm DEN for an initial 2 weeks and thereafter they received
a basal diet containing 3.0% of BCAA or casein, which served as a
nitrogen content-matched control of BCAA, throughout the experi-
ment. Supplementation with BCAA significantly reduced the total
number of foci of cellular alteration, a premalignant lesion of the
liver, and the expression of insulin-like growth factor (IGF)-1, IGF-2,
and IGF-1 receptor in the liver when compared to the casein supple-
mentation. BCAA supplementation for 34 weeks also significantly
inhibited both the development of hepatocellular neoplasms and
the proliferation of hepatocytes in comparison to the basal diet or
casein-fed groups. Supplementation with BCAA improved liver
steatosis and fibrosis and inhibited the expression of a-smooth
muscle actin in the DEN-treated db/db mice. The serum levels of glu-
cose and leptin decreased by dietary BCAA, whereas the value of
the quantitative insulin sensitivity check index increased by this
agent, indicating the improvement of insulin resistance and hyper-
leptinemia. In conclusion, oral BCAA supplementation improves
insulin resistance and prevents the development of liver tumorigen-
esis in obese and diabetic mice. (Cancer Sci 2010; 101: 460-467)

H epatocellular carcinoma is a major health problem world-
wide. The development of HCC is frequently associated
with chronic inflammation of the liver induced by a persment
infection with the hepatitis B virus or hepatitis C virus.!"’ The
risk of HCC is also elevated in those with metabolic syndrome
also called insulin resistance syndrome, which is commoj
associated with obesity and impaired glucose tolerance.’

Non-alcoholic fatty liver disease is known to be a hepatic mani-
festation of the metabolic syndrome. Diabetes mellitus, a condi-
tion associated with hyperinsulinemia. has been proposed as a
risk factor for both chronic liver disease and HCC through the
development of NASH, which is observed in a subset of patients
with non-alcoholic fatty liver disease and involves inflamma-
tion, cell damage. and/or fibrosis in the liver.®” In 1998, Day
and James propo'sed in their “‘two hit theory,’” that insulin resm-
tance is regarded as a critical factor in the etiology of NASH.®

Cancer 5¢i | February 2010 | vol. 101 | no. 2 | 460-467

CSTBL/KsI-db/db (db/db) mice are a genetically altered ani-
mal model with phenotypes of obesity and diabetes mellitus. A
functional defect in the long-form leptin receptor, which plays a

significant role in the reouhnon of food intake and the control
of body weight, leads to hyperleptinemia in these mice.l
Because of mCh obe31ty hyperinsulinemia, and hyperleptin-
emia, the db/db mice represent a suitable animal mode[ that
uniquely mimics the metabolic syndrome in humans./” Tt is
also reported that the ¢b/db mice are susceptible to chemically
induced carcinogenesis in certain tissues. For instance, the
db/db mice are sensitive to AOM-induced colon carcinogenesis:
putative precursor lesions for colorectal cancer are cnredt]|y
enhanced in db/db mice compared to dh/+ or +/+ mice.!'"’
With respect to the liver, feeding db/db mice with a methionine
and choline-deficient diet developed accelerated hepatic inflam-
mation and fibrosis, very similar to those seen in human
NASH.!'»

An improvement of insulin resistance by nutritional or phar-
maceutical intervention might therefore be an effective and
attractive strategy to inhibit the obesity-related cmcmooenem
as already reported experimentally for the colon. it Candldate
modalities include dietary supplementation with BCAA (leu-
cine, isoleucine, and valine) because BCAA prevents progres-
sive hepatic failure and improves the event-free survival in
pancnts with chronic liver diseases, at least in part, by improv-
ing insulin resistance."*'® In addition. BCAA supplementation
has been shown to prevent obesity-related colon carcinogenesis
initiated with AOM"" and, furthermore, to reduce the risk of
HCC in obese patients with chronic viral liver disease. % [y an
obesity-related colon cancer model, the effects of BCAA in
inhibiting the development of colonic premalignancies might be
associated with improvement of insulin resistance."” However,
whether BCAA prevents obesity-related liver carcinogenesis,
and the precise mechanisms of that prevention, have not been
explored.

In the present study, we examined the effects of BCAA sup-
plementation on the development of HCC, liver cell adenoma.
and FCA in obese and diabetic db/db mice initiated with DEN
by focusing on the improvement of insulin resistance, liver stea-
tosis. and fibrosis. We also examined whether BCAA supple-
mentation in the diet alters the expression of IGF-1, IGF-2, and
IGF-IR in the liver of DEN-treated db/db mice. The IGF/IGF-
IR axis is closely associated with the development of HCC and
might be regarded as a cnnu.tl target for both HCC treatment
and chemoprevenuon (
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Materials and Methods

Animals, chemicals, and diets. Four-week-old male db/db
mice were obtained from Japan SLC (Shizuoka, Japan). All mice
received humane care and were maintained at Gifu University Life
Science Research Center (Gifu, Japan), according to the Institu-
tional Animal Care Guidelines. DEN was purchased from Sigma
Chemical Co. (St. Louis, MO, USA). BCAA and casein were
obtained from Ajinomoto Co. (Tokyo, Japan). The BCAA compo-
sition (2:1:1.2 = leucine:isoleucine:valine) was set at the clinical
dosage that is used for the treatment of decompensated liver cir-
rhosis in Japan.'®'® The basal diet, CRF-1 (Oriental Yeast Co.,
Tokyo, Japan), contained 22.4 gof protein (1.65 g leucine, 0.83 g
isoleucine, and 1.03 g valine) per 100 g of total volume.

Experimental procedure. The experimental protocol was
approved by the Institutional Committee of Animal Experiments
of Gifu University. At 5 weeks of age, a total of 41 db/db mice
were divided into three groups. All the mice in Group |
(n = 11), Group 2 (n = 15), and Group 3 (n = 15) were given
tap water containing 40 ppm DEN for the initial 2 weeks. After
treatment with DEN, Group 3 was given the CRF-1 supple-
mented with 3.0% BCAA (w/w) through to the end of experi-
ment, whereas mice in Group 2 were given the basal diet
supplemented with 3.0% casein (w/w) and served as a nitrogen
content-matched control for the BCAA-treated group. Group |
was given the CRF-1 diet throughout the experiment. In order to
examine the effect of BCAA on the development of FCA in
early phase, four mice each in groups 2 and 3 were starved for
6 h and killed by CO, asphyxiation at 23 weeks of age (after
16 weeks supplementation with BCAA or casein). At 41 weeks
of age (after 34 weeks supplementation with the experimental
diet), all remaining animals (total 33 mice) were killed to deter-
mine the development of HCC, liver cell adenoma, and FCA.

Histopathology and immunohistochemical analyses for a-SMA
and PCNA. After the mice were killed, the livers were immedi-
ately removed and macroscopically inspected for the presence
of neoplasms. Maximum sagittal sections of each lobe (six
lobes) were used for histological examination. The tissue speci-
mens were fixed in 10% buffered formaldehyde then embedded
in paraffin. Serial sections (3—4 pm thick) were cut from the tis-
sue blocks and stained with H&E for histopathology or Azan
stain to observe liver fibrosis. The liver neoplasms (HCC and
liver cell adenoma) and FCA were diagnosed according to crite-
ria described previously.®" The multiplicity of FCA was
assessed on the per area basis (per cm?).

Immunohistochemistry of «-SMA. an indicator of HSC acti-
vation, was carried out using a_primary anti-u-SMA antibody
(Dako. Glostrup, Denmark).*® Immunohistochemistry ~of
PCNA. a G,-to-S phase marker, was carried out to estimate the
cell proliferative activity of the hepatocyte using a primary
anti-PCNA antibody (Santa Cruz Biotechnology. Santa Cruz,
CA. USA).®® PCNA-positive nuclei in the hepatocytes were
counted and expressed as the percentage of the total number of
hepatocyte nuclei. The PCNA-labeling index (%) was deter-
mined by counting at least 500 hepatocytes in each section (total
of 3000 hepatocytes per mouse).

Clinical chemistry. After the mice were killed, blood samples
were collected from inferior vena cava to determine the serum
concentrations of ALT. glucose, insulin. leptin, and BCAA. The
levels of serum glucose, insulin, and BCAA were assayed as
described previously.‘z“'zs’ The serum leptin level was deter-
mined by ELISA (R&D Systems. Minneapolis. MN, USA)
according to the manufacturer's protocol.(”’ The serum ALT
activity was measured with a standard clinical automatic analyzer
(type 726: Hitachi, Tokyo. Japan). Insulin resistance was esti-
mated by QUICKI as follows: QUICKI = [/[log(Ip) + log(Go)l.
where [ is the fasting insulin and Gy is the fasting glucose, which
correlates with the glucose clamp method. 26

lwasa et al.

Hepatic lipid analysis. To visualize intrahepatic lipids, Sudan
I1I stain was carried out with frozen sections using the standard
procedure. The hepatic lipids were also extracted from the fro-
zen livers. Approximately 200 mg of liver was homogenized
and the lipids were then extracted using chloroform:methanol
(2:1 v/v) solution, as described by Folch.®” The levels of tri-
glyceride in the liver were measured using the triglyceride E-test
kit (Wako Pure Chemical Co., Osaka, Japan) according to the
manufacturer’s protocol.

Hepatic hydroxyproline analysis. Hepatic hydroxyproline con-
tent was quantified colorimetrically in duplicate samples from
approximately 200 mg wet-weight of liver tissue, as previously
described.®® The hydroxyproline contents were expressed as
pnmol/g wet liver.

Protein extraction and Western blot analysis. Equivalent
amounts of protein lysates (30 pg/lane) from the liver of experi-
mental mice were subjected to a Western_blot analysis of
4-SMA (Dako), as described previously.?*** An antibody to
GAPDH (Chemicon International, Temecula, CA, USA) served
as a loading control. The intensities of the blots were quantified
with NIH image software version 1.62.

RNA extraction and quantitative real-time RT-PCR analysis. A
quantitative real-time_ RT-PCR analysis was carried out as
described previously.®® Total RNA was isolated from the liver
of the mice using the RNAqueous-4PCR kit (Ambion Applied
Biosystems, Austin, TX, USA). The cDNA was synthesized
from 0.2 pg total RNA using the SuperScript III First-Strand
Synthesis System (Invitrogen, Carlsbad, CA. USA). The primers
used for the amplification of /IGF-/. IGF-2, and IGF-IR specific
genes were as follows: /GF-/ forward, 5-CTGGACCAGA-
GACCCTTTGC-3" and reverse, 5-GGACGGGGACTTCT-
GAGTCTT-3": IGF-2 forward, 5-GTGCTGCATCGCTGC-
TTAC-3" and reverse, 5'-ACGTCCCTCTCGGACTTGG-3"; and
IGF-IR forward, 5-GTGGGGGCTCGTGTTTCTC-3" and
reverse, 5-GATCACCGTGCAGTTTTCCA-3’. Real-time PCR
was done in a LightCycler (Roche Diagnostics Co.. Indianapo-
lis, IN. USA) with SYBR Premix Ex Taq (TaKaRa Bio. Shiga.
Japan). The expression levels of the /GF-/, IGF-2, and IGF-IR
genes were normalized to the B-actin gene expression level. %

Statistical analysis. The results are presented as the
mean + SD. and they were analyzed using the GraphPad Instat
software program version 3.05 (GraphPad Software, San Diego.
CA. USA) for Macintosh. Differences among the groups were
analyzed by either one-way ANOVA or. as required. by two-
way ANOVA. When ANOVA showed a statistically significant
effect (P < 0.05). comparisons of each experimental group with
the control group were then made using Dunnett’s test, which
corrects for multiple comparisons. The differences were consid-
ered to be significant when the two-sided P value was <0.05.

Results

General observations. As shown in Table I, there were no sig-
nificant differences in the body, liver, kidney. or fat (white adi-
pose tissue of the periorchis and retroperitoneum) weights among
the groups at the end of the study. Male db/db mice well-tolerated
the treatment with DEN together with casein or BCAA. The body
weight gains did not differ significantly among the groups during
the experiment (data not shown). A histopathological examina-
tion suggested the absence of toxicity of BCAA in important
organs, including liver, kidney, and spleen (data not shown). In
addition, no clinical signs indicating the toxicity of BCAA were
observed in the mice during the experiment.

Incidence and multiplicity of DEN-induced liver neoplasms and
FCA in db/db mice. Macroscopically, nodular lesions (Fig. la)
were observed in the livers of experimental mice at the termina-
tion of the study (41 weeks of age). Histopathologically. these
lesions were liver cell adenoma (Fig. Ib) or HCC (Fig. lc).
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Table 1. Body, liver, kidney, spleen, and fat weights of the
experimental mice
Group —_ No. Weight (g) (mean £ SD)

ie ;
no. of mice Body Liver Kidney Fatt
1 CRF-1 " 73092 44+09 09%10 7.8=x22
2 Casein 1" 66.0+ 120 3812 0602 54=x1.0
3 BCAA 1 682x124 34x13 06+01 62x1.4

tWhite adipose tissue of the periorchis and retroperitoneum.

FCA (Fig. 1d) also developed in the liver of experimental mice.
Simultaneously, we put supplemental groups to support that
db/db mice are actually susceptible to DEN-induced liver
tumorigenesis (data not shown; see Supporting Information
Table SI) and found no neoplasms in C57B6 or C57BL/Ksl-
+/+ mice, genetic controls for db/db mice, regardless of DEN
treatment. No tumors developed in the CRF-1-fed and DEN-
untreated db/db mice.

Effects of BCAA supplementation on DEN-induced liver tumor
igenesis in db/db mice. The incidence and multiplicity of liver
neoplasms (adenoma plus HCC) and FCA at 41 weeks of age are
summarized in Table 2. Compared with the CRF-I-fed mice
(Group 1), dietary supplementation with BCAA (Group 3) signifi-
cantly inhibited the incidence (P < 0.05) of adenoma. BCAA
supplementation also reduced the incidence (P < 0.05) and multi-
plicity of adenoma (P < 0.01) compared to the casein-supple-
mentation mice (Group 2). HCC was developed in the CRF--fed
(9%) and casein-supplementation mice (27%), but not in the mice
supplemented with BCAA (0%). and the multiplicity of total liver
neoplasms was significantly inhibited by supplementation with
BCAA when compared to CRF-I-fed (P < 0.05) or Casein-
supplementation mice (P < 0.01), respectively. The number of
FCA, which were developed in all experimental mice, was also
significantly decreased by supplementation with BCAA when
compared to CRF-1-fed (P < 0.03) or casein-supplementation
mice (P < 0.001), respectively.

Effects of BCAA supplementation on the expression levels of
IGF-1, IGF-2, and IGF-1R mRNAs in the liver of DEN-treated db/db
mice. When the mice were killed at 23 weeks of age, the devel-
opment of FCA was also significantly inhibited by dietary sup-
plementation with BCAA compared with casein-supplemented

LN P
RN )
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mice (P <0.01) (Fig. 2a). In addition, semiquantitative RT-
PCR analyses showed that there was a significant decrease in
the expression level of /GF-1 (P < 0.05), IGF-2 (P < 0.05), and
IGF-IR mRNAs (P < 0.05) in the livers of the mice supple-
mented with BCAA when compared to that of the livers in
casein-supplemented mice (Figs 2b—d). These findings suggest
that BCAA supplementation prevents the development of FCA,
at least in part, by inhibiting the expression of the IGF/IGF-IR
axis.

Effects of BCAA supplementation on serum levels of BCAA,
ALT, and leptin in DEN-treated db/db mice. BCAA supplementa-
tion caused a significant increase in the serum levels of BCAA
compared to the CRF-1-fed (P < 0.05) and casein-supplemented
mice (P < 0.05) (Fig. 3a). These findings suggest that supple-
mentation with 3.0% BCAA is sufficient to raise the serum con-
centration of BCAA. The serum ALT levels markedly increased
in the db/db mice when compared to the genetic control mice
(data not shown; see Supporting Information Table S1). How-
ever, BCAA supplementation significantly decreased this value
in comparison to the CRF-1-fed (P < 0.01) and casein-supple-
mented mice (P < 0.001) (Fig. 3b), thus indicating an improve-
ment of liver damage. In addition, the mice supplemented with
BCAA showed a decrease in the serum levels of leptin com-
pared with the CRF-1-fed (P < 0.001) and casein-supplemented
mice (P < 0.001) (Fig. 3c).

Effects of BCAA supplementation on the hepatic steatosis in
DEN-treated db/db mice. Examination of Sudan III stained sec-
tions revealed that there was a marked macrovesicular steatosis
in the DEN-treated db/db mice, which were fed CRF-1 or
casein, but BCAA supplementation significantly improved the
accumulation of the lipid in the liver (Fig. 4a). The histological
findings were consistent with the results of the measurement of
liver triglyceride contents; the levels of triglyceride in the liver
of DEN-treated db/db mice were significantly decreased by the
supplementation with BCAA compared to those in the CRF-I-fed
(P < 0.001) and casein-supplementation groups (P < 0.01) (Fig. 4b).

Effects of BCAA supplementation on liver fibrosis in DEN-
treated db/db mice. As shown in Figure 5a, examination of
Azan-stained sections indicated that DEN-treated db/db mice of
CRF-1-fed and casein-supplemented groups showed the devel-
opment of peri-central venous and peri-cellular fibrosis.
However, supplementation with BCAA yielded an improvement
in liver fibrosis (Fig. 5a). Similar findings were also observed in

Fig. 1. Macroscopic (a) and microscopic (b-d)
analyses of liver neoplasms in diethylnitrosamine-
treated db/db mice. (a) Macroscopically, white
tumors (hepatocellular carcinoma; indicated by
arrowheads) were detected in the liver of
diethylnitrosamine-treated C57BL/KsJ-db/db mice.
(b-d) Paraffin-embedded sections were stained with
H&E. Representative photomicrographs show
adenoma (b), hepatocellular carcinoma (c), and foci
of cellular alteration (d) in liver of experimental
mice.
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Table 2.

Incidence and multiplicity of hepatic neoplasms and foci of cellular alteration (FCA) in obese diabetic C57BL/KsJ-db/db mice fed basal

(CRF-1), casein-supplemented, or branched-chain amino acid (BCAA)-supplemented diets

Incidence (%)

Multiplicity (no. of neoplasms/mouse)
PR P FCA (No./cm?)

i i (mean = SD)
Group no. Diet No. of mice {mean & SDJ
Adenoma HCC Total Adenoma HCC
1 CRF-1 1 7/11 (64) 1711 (9) 1.0£1.1 09 + 1.1 0.1+0.3 14.4 + 4.4
2 Casein 1" 8/11 (73) 3711 (27) 1.7+13 1.5+1.1 0.3+05 19.1 £ 57
3 BCAA 1 2/11 (18)*, ** 0/11 (0) 0.2 = 0.4% *** 0.2 + 0.4%** 0 9.6 & 5.1% ***x

*P < 0.05, significantly different from Group 1; **P < 0.05, significantly different from Group 2; ***P < 0.01, significantly different from Group
2; ****P < 0.001, significantly different from Group 2. HCC, hepatocellular carcinoma.

(a) 40 * (b) 1.25 .
= f !
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ELs | § 100 |
: a
< 2 075
1.0 =
3 L,
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- - ~ 0oL — -
Casein BCAA 0 Casein BCAA
Fig. 2. Effect of branched-chain amino acid (BCAA) supplementation

on the development of foci of cellular alteration (FCA) and on the
expression of insulin-like growth factor (IGF)-1, IGF-2 and IGF-1
receptor (IGF-1R) mRNAs in the liver of diethylnitrosamine-treated
C57BL/KsJ-db/db  mice. Livers were excised from treated mice
supplemented with casein or BCAA for 16 weeks. (a) Paraffin-
embedded liver sections were stained with H&E and the total
numbers of FCA were counted. Values are the means = SD (n = 4). (b-
d) Total RNA was isolated from the removed liver and the expression
of IGF-1 (b), IGF-2 (c), and IGF-1R (d) genes were examined by
quantitative real-time RT-PCR. The expression of each gene was
normalized to pB-actin expression. Each experiment was done in
triplicate. *P < 0.05; **P < 0.01.

the measurement of liver hydroxyproline contents, a useful mar-
ker of hepatic fibrosis:**” when compared to CRF-1 feeding
(P < 0.05) and casein supplementation (P < 0.01), BCAA sup-
plementation caused a significant decrease in the amounts of
hydroxyproline in the liver of DEN-treated db/db mice
(Fig. 5b). In addition, both the immunohistochemical (Fig. 6a)
and Western blot analyses (Fig. 6b) showed the expression lev-
els of «-SMA in the liver to be elevated in the CRF-1-fed and
casein-supplemented mice. whereas supplementation with
BCAA significantly decreased the expression of this protein
(P <0.05 and P < 0.01, respectively).

Effects of BCAA supplementation on insulin resistance and
serum level of glucose in DEN-treated db/dbdb mice. Insulin
resistance plays a critical role in obesity-related HCC develop-
ment.'" Therefore, the effects of BCAA supplementation on
the value of QUICKI and the serum levels of glucose were exam-
ined in DEN-treated db/db mice. As shown in Figure 7a, supple-
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Fig. 3. Effect of branched-chain amino acid (BCAA) supplementation
on the serum levels of BCAA, alanine aminotransferase (ALT), and
leptin in diethylnitrosamine-treated C57BL/Ks)-db/db mice. After
mice were killed, blood samples were collected and the serum levels
of BCAA (a), ALT (b), and leptin (c) were then assayed. Values are the
means = SD (n = 8). *P < 0.05; **P < 0.01; ***P < 0.001.

mentation with BCAA caused a significant increase in the value
of QUICKI compared to the CRF-I-fed (P < 0.01) and casein-
supplemented mice (P < 0.01), thus indicating an improvement
of insulin resistance. The serum glucose level also decreased after
the supplementation with BCAA compared to CRF-I-fed
(P <0.001) and casein-supplementation (P < 0.01) (Fig. 7b).

Effects of BCAA supplementation on cell proliferative activity
in liver of DEN-treated db/db mice. The PCNA-labeling index of
non-lesional hepatocytes in DEN-treated dh/db mice was deter-
mined based on the findings of PCNA-immunohistochemical
sections (Fig. 8a). As illustrated in Figure 8b, the mean
PCNA-labeling index in the BCAA-supplemented mice was sig-
nificantly lower than that of the CRF-I-fed (P < 0.01) and
casein-supplemented mice (P < 0.05). thus indicating that
BCAA supplementation significantly inhibited cell proliferation
in the liver of DEN-treated db/db mice.

Discussion

Recent studies have shown that obesity and diabetes mellitus are
risk factors for HCC through the development of NASH.®~” The
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Fig. 4. Effect of branched-chain amino acid (BCAA) supplementation
on hepatic steatosis in diethylnitrosamine-treated C57BL/KsJ-db/db
mice. (a) Frozen sections of basal diet (CRF-1)-fed, casein-
supplemented, or BCAA-supplemented treated mice were stained
with Sudan IIl stain to show steatosis. (b) Hepatic lipids were

extracted from the frozen livers and the levels of triglyceride were
are the means = SD (n=38).

then measured. Values *P < 0.01;

**P < 0.001.
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Fig. 5. Effect of branched-chain amino acid (BCAA) supplementation
on hepatic fibrosis in diethylnitrosamine-treated C57BL/KsJ-db/db
mice. (a) Paraffin-embedded sections of basal diet (CRF-1)-fed, casein-
supplemented, or BCAA-supplemented treated mice were stained with
Azan stain to show fibrosis. (b) Hepatic hydroxyproline contents were
quantified colorimetrically. Values are the means £SD (n =8).
*P < 0.05; **P < 0.01.

present study clearly indicated that db/db mice, which develop
obesity and severe diabetes mellitus, easily developed steatosis-
related liver neoplasms by treatment with liver carcinogen DEN
(Table 2 and Fig. 1), whereas background C57B6 or
C57BL/KsJ-+/+ mice did not. Furthermore, this study showed
that dietary supplementation with BCAA effectively decreased
the serum levels of ALT (Fig. 3b), which increase due to severe
steatosis (Fig. 4a) and fibrosis (Fig. 5a), and inhibited the devel-
opment of liver neoplasms (Table 2) in DEN-treated db/db mice.
A clinical trial recently indicated that dietary supplementation
with BCAA can reduce the risk of HCC in cirrhotic patients who
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are obese."® How can BCAA exert chemopreventive effects on
obesity-related HCC? Presumably, the improvement of insulin
resistance by BCAA (Fig. 7a) plays a critical role in this beneficial
effect because, in addition to the role of insulin in glucose uptake
and glycogen biosynthesis in liver and skeletal muscle, insulin has
oncogenic properties on HCC cells, including the stimulation of
cell growth and induction of anti-apoptotic activity.®*>® These
reports, therefore, suggest the possibility that BCAA inhibits the
excessive cell proliferation in the whole liver of DEN-treated
db/db mice (Fig. 8) by improving insulin resistance (Fig. 7a).
Recent studies have also revealed that BCAA improves glucose
tolerance by modulating the insulin-independent glucose uptake
into skeletal muscle.®">? Isoleucine increased muscle glucose
uptake and depressed gluconeogenesis in the liver without causing
significant elevation of the plasma insulin level, thereby leading
to the hypoglycemic effect in a rodent model.®*” Both improved
insulin resistance and glucose tolerance by BCAA have also been
indicated in clinical trials.'*3%

In addition to the improvement of insulin resistance (Fig. 7a),
the present study also indicated that dietary supplementation
with BCAA significantly decreased the expression levels of
IGF-1, IGF-2, and IGF-1R mRNAs in the liver of DEN-treated
db/db mice (Figs 2b—d). These findings seem to be significant
because abnormal activation of the IGF/IGF-IR axis, which is
caused by insulin resistance, is involved in the development of
HCC and, therefore, might be a critical target to prevent this
malignancy.'”?® These findings are also consistent with those
of a previous report that showed BCAA supplementation
decreased the serum levels of both [GF-1 and IGF-2 while also
inhibiting the expression of IGF-IR on the colonic mucosa,
thereby preventing the development of AOM-induced colonic
neoplastic lesions in db/db mice."” This previous report,
together with our present findings (Fig. 2), suggest the possibil-
ity that the inhibition of IGF/IGF-IR activation is one of the
critical mechanisms to suppress obesity-related tumorigenesis in
specific organs, such as the colon and liver, and BCAA might be
able to exert its chemopreventive effect on obesity-associated
carcinogenesis by targeting this axis.

Insulin stimulates glucose uptake and triglyceride biosynthe-
sis, which are stored in adipose tissue. The improvement of insu-
lin resistance by BCAA, therefore, inhibits the release of free
fatty acid from adipose tissue, improves hypertriglyceridemia,
and thus resulted in improvement of hepatic steatosis in the
present study (Fig. 4). Ectopic triglyceride accumulation in the
liver is directly responsible for the development of insulin resis-
tance.™ In addition, several studies support the concept that
hepatic steatosis promotes the development of HCC.“® For
instance. HCV core protein gene transgenic mice, a model for
HCV-related hepatocarcinogenesis,*” show marked hepatic
steatosis and insulin resistance.*3** Hepatic steatosis is a major
accelerating factor of hepatocarcinogenesis in chronic HCV
infected patients.“”’ In addition, a significant relationship has
also been reported between steatosis and hepatic fibrosis, a
potent risk factor for HCC development.*® Therefore, the
reduction of hepatic lipid accumulation might be an effective
strategy for HCC chemoprevention. The improvement of hepatic
steatosis (Fig. 4) and fibrosis (Fig. 5) by BCAA is thus consid-
ered to be advantageous to accomplish this objective.

There are two study limitations that might suggest additional
investigations. The first is that the incidence of HCC itself was
not very high in the present study (Table 2) because the duration
of the experiments (41 weeks) might have been sufficient to
develop adenoma but not HCC. Therefore, future study should
recruit longer-term experiments to see that DEN-treated db/db
mice develop HCC more frequently. The second is that, although
our model seems to be useful to elucidate the pathogenesis under-
lying NASH-associated HCC, there is one difference between the
liver of db/db mice and human NASH, as hepatic fibrosis was
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Fig. 6. Effect of branched-chain amino acid (BCAA)
supplementation on the expression of «-smooth
muscle actin («-SMA) in diethylnitrosamine-treated

Cascin

C57BL/Ks)-db/db mice. (a) Immunohistochemical
expression of «-SMA in the liver of basal diet

N e — |
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(CRF-1)-fed, casein-supplemented, or BCAA-

supplemented treated mice. (b) Total protein was G'\PDHF

extracted from the liver of experimental mice and L
the expression of %-SMA protein was examined by

Western blot analysis. An antibody to GAPDH

served as a loading control. Repeat Western blots

gave similar results. The results obtained were

quantitated by densitometry and are shown in the

right-hand panels. Values are the means + SD

(n = 5). *P < 0.05; **P < 0.01.
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Fig. 7.
supplementation on insulin sensitivity and the
serum level of glucose in diethylnitrosamine-treated
C57BL/Ks)-db/db mice fed basal diet (CRF-1), or

Effect of branched-chain amino acid (BCAA)

QUICKI

supplemented with casein or BCAA. (a) The value
of the quantitative insulin sensitivity check index

was measured by the hexokinase method. Values
are the means + SD (n = 8). *P < 0.01; **P < 0.001.
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Fig. 8. Effect of branched-chain amino acid (BCAA) supplementation
on hepatic cell proliferation in diethylnitrosamine-treated C57BL/KsJ-
db/db mice. (a) Immunohistochemical expression of proliferating cell
nuclear antigen (PCNA) in the liver of basal diet (CRF-1)-fed, or casein-
or BCAA-supplemented treated mice. (b) PCNA-labeling index in non-
lesional hepatocytes was determined by counting the PCNA-positive
nuclei in the hepatocytes. *P < 0.05; **P < 0.01.
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severe but did not reach liver cirrhosis at the end point of this
experiment (Fig. 5a). This might be explained by a functional
defect in the long-form leptin receptor because leptin exerts a
pro-fibrogenic activity in the injured liver.*'*? However, BCAA
supplementation significantly decreased the serum levels of leptin
(Fig. 3c). inhibited the development of liver fibrosis (Fig. 3). and
suppressed the expression of #-SMA (Fig. 6). thus indicating the
inhibition of HSC activation. These findings seem to be signifi-
cant because activated HSCs are a major cellular source of colla-
gen in the injured liver and thus may be a critical target for
inhibiting the development of liver fibrosis.** Therefore, BCAA
supplementation prevents the development of hepatic fibrosis. at
least in part. by inhibiting the HSC activation (Fig. 6). In addi-
tion. a previous study also indicated that supplementation with
BCAA effectively suppressed the hyperleptinemia in db/db mice
with colonic carcinogenesis model.'” These findings suggest
that leptin is also one of the critical targets of BCAA in obese
mice. Future studies would be important to evaluate whether
BCAA could also prevent the development of liver fibrosis using
a more aggressive fibrotic model, such as methionine and cho-
line-deficient diet-fed db/db mice, known to be a good model of
progressive NASH.“*

Finally. it should be emphasized again that, in a recent study.
BCAA supplementation in the basal diet was shown to improve
insulin resistance. thereby preventing the development of colonic
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premalignancies in an obesity-related colon cancer model.!'”

Both obesity and insulin resistance are strongly associated with
the development of not only HCC, but also colorectal cancer.
These previous reports, therefore, further strengthen our conclu-
sion that the prevention of HCC by targeting the dysregulation of
energy homeostasis, particularly an increased insulin resistance,
might be a promising strategy for obese people who are at
increased risk for developing HCC. BCAA appears to be a poten-
tially effective and critical candidate for this purpose because it
can improve insulin resistance (Fig. 7a), hepatic steatosis
(Fig. 4), and fibrosis (Fig. 5) in obese and diabetic db/db mice.

In conclusion, BCAA might therefore represent a new effec-
tive strategy for chemoprevention against HCC, especially in
obese people. Among the beneficial effects of BCAA shown in
this study, the improvement of insulin resistance might play a
crucial role to prevent the development of obesity-related liver
tumorigenesis because the state of insulin resistance is closely
associated with the activation of the IGF/IGF-IR axis, the
development of hepatic steatosis and fibrosis.®"" In addition, a
recent study revealed that BCAA supplementation also sup-
pressed hepatic neovascularization in insulin-resistance-based
hepatocarcinogenesis in obese rats.”

References

El-Serag HB. Rudolph KL. Hepatocellular carcinoma: epidemiology and

molecular carcinogenesis. Gastroenterology 2007: 132: 2557-76.

Calle EE. Rodrigucz C. Walker-Thurmond K. Thun MJ. Overweight. obesity.

and mortality from cancer in a prospectively studied cohort of U.S. adults.

N Engl J Med 2003: 348: 1625-38.

El-Serag HB, Hampel H, Javadi F. The association between diabetes and

hepatocellular carcinoma: a systematic review of epidemiologic evidence.

Clin Gastroenterol Hepatol 2006; 4: 369-80.

El-Serag HB. Tran T. Everhart JE. Diabetes increases the risk of chronic

liver discase and hepatocellular carcinoma. Gastroenterology 2004; 126:

460-8.

Marra F, Gastaldelli A, Svegliati Baroni G, Tell G, Tiribelli C. Molecular

basis and mechanisms ol progression of non-alcoholic steatohepatitis. Trends

Mol Med 2008; 14: 72-81.

6 Saadeh S. Nonalcoholic Fatty liver disease and obesity. Nuwr Clin Pract 2007:
22: 1-10.

7 Smedile A. Bugianesi E. Stcatosis and hepatocellular carcinoma risk. Eur Rev
Med Pharmacol Sci 2005: 9: 291-3.

8 Day CP. James OF. Steatohepatitis: a tale of (wo **hits™
1998: 114: 842-5.

9 Lee GH. Proenca R. Montez JM er al. Abnormal splicing of the leptin
receptor in diabetic mice. Nanre 1996: 379: 632-5.

10 Scheen AJ. Luyckx FH. Obesity and liver discase. Best Pract Res Clin
Endocrinol Metab 2002; 16: 703-16.

11 Hirose Y. Hata K. Kuno T eral. Enhancement of development of
azoxymethanc-induced colonic premalignant lesions in C37BL/KsJ-db/db
mice. Carcinogenesis 2004: 25: 821-3.

12 Sahai A, Malladi P. Pan X er al. Obese and diabetic db/db mice develop

marked liver (ibrosis in a model ol nonalcoholic steatohepatitis: role of short-

form leptin receptors and ostecopontin. Am J Physiol Gastrointest Liver

Physiol 2004; 287: G1035—3.

Shimizu M, Shirakami Y. Sakai H eral. (=)-Epigallocatechin  gallate

suppresses azoxymethane-induced colonic premalignant lesions in male

C57BL/KsJ-db/db mice. Cancer Prev Res 2008; 1: 298-304.

14 Kawaguchi T. Nagao Y. Matsuoka H, Ide T. Sata M. Branched-chain amino
acid-enriched supplementation improves insulin resistance in patients with
chronic liver disease. Int J Mol Med 2008: 22: 105-12.

15 Marchesini G. Bianchi G. Merli M e al. Nutritional supplementation with
branched-chain amino acids in advanced cirrhosis: a double-blind. randomized
trial. Gastroenterology 2003: 124: [792-801.

16 Muto Y. Sato S. Watanabe A et al. Effects of oral branched-chain amino acid
granules on event-free survival in patients with liver cirrhosis. Clin
Gastroenterol Hepatol 2005: 3: 705-13.

17 Shimizu M. Shirakami Y. lwasa J er al. Supplementation with branched-chain
amino acids inhibits azoxymethane-induced colonic preneoplastic lesions in
male C57BL/KsJ-db/db mice. Clin Cancer Res 2009: 15: 3068-75.

18 Muto Y. Sato S. Watanabe A er al. Overweight and obesity increase the risk

for liver cancer in patients with liver cirrhosis and long-term oral

supplementation with branched-chain amino acid granules inhibits liver

2

w

=

w

? Gastroenterology

(]

466

Acknowledgments

We thank Ms. Yukari Nomura for her excellent technical assistance.
This work was supported in part by Grants-in-Aid from the Ministry of
Education. Science, Sports and Culture of Japan (Grant No. 18790457 to
M.S. and Grant No. 17015016 to H.M.).

Abbreviations

a-SMA a-smooth muscle actin
ALT alanine aminotransferase
AOM azoxymethane

BCAA branched-chain amino acids
DEN diethylnitrosamine

FCA foci of cellular alteration
HCC hepatocellular carcinoma
HCV hepatitis C virus

HSC hepatic stellate cell

IGF insulin-like growth factor

IGF-IR insulin-like growth factor-1 receptor
NASH non-alcoholic steatohepatitis

PCNA proliferating cell nuclear antigen

QUICKI quantitative insulin sensitivity check index

carcinogenesis in heavier patients with liver cirrhosis. Hepatol Res 2006 35:
204-14.

19 Alexia C. Fallot G. Lasfer M. Schweizer-Groyer G. Groyer A. An evaluation
of the role of insulin-like growth factors (IGF) and of type-I IGF receptor
signalling in hepatocarcinogenesis and in the resistance of hepatocarcinoma
cells against drug-induced apoptosis. Biochem Pharmacol 2004; 68: 1003~15.

20 Shimizu M, Shirakami Y. Sakai H er al. EGCG inhibits activation of the
insulin-like growth factor (IGF)/IGF-1 receptor axis in human hepatocellular
carcinoma cells. Cancer Letr 2008: 262: 10-8.

21 Frith CH. Ward JM. Turusov VS. Tumours of the liver. In: Turusor VS.
Mohr U eds. Pathology of Tumors in Laboratory Animals. Vol 2. Lyon:
IARC Scientific Publications. 1994: 223-70.

22 Yasuda Y. Shimizu M. Sakai H er al. (-)-Epigallocatechin gallate prevents
carbon tetrachloride-induced rat hepatic fibrosis by inhibiting the expression
of the PDGFR and IGF-IR. Chem Biol Interact 2009: 182: 159-64.

23 Shimizu M. Hara A, Okuno M er al. Mechanism of retarded liver regeneration
in plasminogen activator-deficient mice: impaired activation of hepatocyte
growth factor after Fas-mediated massive hepatic apoptosis. Hepatology 20012
33: 569-76.

24 Shiraki M. Shimomura Y, Miwa Y er al. Activation of hepatic branched-chain
alpha-keto acid dehydrogenase complex by tumor necrosis factor-alpha in rats.
Biochem Biophys Res Commun 2005: 328: 973-8.

25 Suzuki R. Kohno H. Yasui Y er al. Dict supplemented with citrus unshiu
segment membrane suppresses chemically induced colonic prencoplastic
lesions and fatty liver in male db/db mice. Inr J Cancer 2007: 120: 252-8.

26 Katz A. Nambi SS. Mather K e al. Quantitative insulin sensitivity check
index: a simple. accurate method for assessing insulin sensitivity in humans.
J Clin Endocrinol Metab 2000; 85: 2402-10.

27 Folch J, Lees M. Sloane Stanley GH. A simple method for the isolation and
purification of total lipides from animal tissues. J Biol Chem 1957; 226: 497
509.

28 Tomita H. Yamada Y. Oyama T er al. Development of gastric tumors in
Apc(Min/+) mice by the activation of the beta-catenin/Tcef signaling
p'\lh\my Cancer Res 2007: 67: 4079-87.

29 Kang S. Song J. Kang H. Kim S. Lee Y. Park D. ln\ulm can block apoptosis-

by decreasing oxidative stress via phosphatidylinositol  3-kinase- and

extracellular signal-regulated protein kinase-dependent signaling pathways in

HepG2 cells. Eur J Endocrinol 2003: 148: 147-35.

Tornkvist A, Parpal S. Gustavsson J. Stralfors P. Inhibition of Ral-1 kinase

expression abolishes insulin stimulation of DNA synthesis in H4IIE hepatoma

cells. J Biol Chem 1994; 269: 13919-21.

Nishitani S. Takehana K. Pharmacological activities of branched-chain amino

acids: augmentation of albumin synthesis in liver and improvement of glucose

metabolism in skeletal muscle. Hepatol Res 2004: 30S: 19-24.

32 Nishitani S. Takehana K. Fujitani S. Sonaka [. Branched-chain amino ucids
improve glucose metabolism in rats with liver cirrhosis. Am J Physiol
Gastrointest Liver Physiol 2005; 288: G1292-300.

33 Doi M. Yamaoka I, Nakayama M, Sugahara K. Yoshizawa F. Hypoglycemic
effect of isoleucine involves increased muscle glucose uptake and whole body
glucose oxidation and decreased hepatic gluconeogenesis. Am J Physiol
Endocrinol Metab 2007; 292: E1683-93.

30

w

doi: 10.1111/j.1349-7006.2009.01402.x
© 2009 Japanese Cancer Association

— 290 —



34

35
36

37

33
39

40

Urata Y. Okita K. Korenaga K. Uchida K, Yamasaki T. Sakaida 1. The effect
of supplementation with branched-chain amino acids in patients with liver
cirthosis. Hepatol Res 2007; 37: 510-6.

Marchesini G. Brizi M. Bianchi G er al. Nonalcoholic fauy liver disease: a
feature of the metabolic syndrome. Diaberes 2001; 50: 1844-30.

Powell EE. Jonsson JR. Clouston AD. Steatosis: co-factor in other liver
diseases. Hepaiology 2005; 42: 5-13.

Moriya K. Fujie H. Shintani Y er al. The core protein of hepatitis C virus
induces hepatoceltular carcinoma in transgenic mice. Nar Med 1998 4: 1065~
7.

Moriya K. Yotsuyanagi H. Shintani Y er al. Hepatitis C virus core protein
induces hepatic steatosis in transgenic mice. J Gen Virol 1997: 78: 1527-31.
Shintani Y. Fujie H. Miyoshi H er al, Hepatitis C virus infection and diabetes:
direct involvement of the virus in the development of insulin resistance.
Gastroenterology 2004: 126; 340-8.

Ohata K. Hamasaki K. Toriyama K er of. Hepatic steatosis is a risk factor for
hepatocellular carcinoma in patients with chronic hepatitis C virus infection,
Cancer 2003: 97: 3036-43.

Supporting Information

4

46

Ikejima K. Takei Y. Honda H eral. Leptin receptor-mediated signaling
regulates hepatic fibrogenesis and remodeling of extracellular matrix in the
ral. Gastroenterology 2002: 122: 1399-4(0,

Leclercq [A. Famell GC. Schriemer R, Robertson GR. Leptin is essential for
the hepatic fibrogenic response to chronic liver injury. J Hepaiol 2002; 37:
206-13.

Friedman S.L. Mechanisms of hepatic fibrogenesis. Gastroenterology 2008:
134: 1655-69.

Yamaguchi K. Yang L. McCall S et al. Diacylglycerol acyltranferase | anti-
sense oligonucleotides reduce hepatic fibrosis in mice with nonalcoholic
steatohepatitis. Hepatology 2008: 47: 625-33.

Giovannucei E. Michaud D. The role of obesity and related metabolic
disturbances in cancers of the colon. prostate. and pancreas. Gastroenterology
2007: 132: 2208-25.

Yoshiji H. Noguchi R. Kitade M er al. Branched-chain amino acids suppress
insulin-resistance-based  hepatecarcinogenesis  in - obese  diabetic  rats.
J Gastraenterol 2009: 44: 483-91.

Additional Supporting [nformation may be found in the online version of this article:

Table S1. Incidence and multiplicity of hepatic neoplasms and FCA and scrum levels of ALT in db/db. +/+ and B6 mice.

Please note: Wiley-Blackwell are not responsibie for the content or functionality of any supporting materials supplicd by the authors. Any querics
(other than missing material} should be directed to the corresponding author for the article.

lwasa et al.

February 2010 | vol. 101 | no.2 | 467
© 2009 Japanese Cancer Association

Cancer S¢i |

— 291 —



J Nutr Sei Vitaminol, 56. 372-379. 2010

Indirect Calorimetry and Anthropometry to Estimate Energy
Metabolism in Patients with Liver Cirrhosis

Yoichi TERAKURA!, Makoto SHIRAKI!*, Kayoko NISHIMURAZ, Junpei IWASAl,
Masahito Nacaki' and Hisataka MORIWAKI'

"The First Department of Internal Medicine, Gifu University School of Medicine.
1-1 Yanagido. Gifu 501-1194, Japan
2Center of Nutrition Support and Infection Control, Gifu University Hospital,
1-1 Yanagido. Gifu 501-1194. Japan

(Received March 10. 2010)

Summary Energy malnutrition worsens survival in patients with liver cirrhosis, and is
currently defined as non-protein respiratory quotient {npRQ) <0.83. as measured by indi-
rect calorimetry. However, measurement of this npRQ is limited because of the high cost of
indirect calorimetry. Therefore, we sought an alternative marker that can be used in the
routine clinical setting. Forty-four inpatients with cirrhosis were recruited in this study. The
last meal was served at 18:00 h on the previous day, and indirect calorimetry was per-
formed between (07:00 and 09:00 h while the patients were still in bed. Fasting blood sam-
ples were collected in the early morning on the day of the test. Anthropometry was
perfornied by an expert dietician. The correlations among npRQ. Child-Pugh score of disease
severity, laboratory parameters, %AC (arm circumference), "%TSF (triceps skinfold thick-
ness), and %AMC (arm muscle circumference) were studied using simple linear regression
analysis. ROC (Receviver operating characteristic) analysis was used to identify the cut-off
values that would best predict npRQ=0.85. npRQ correlated significantly with %AC
(r*=0.204, p=0.0021) and %AMC (r?=0.178. p=0.0043) but not with %TSF. npRQ was
not significantly correlated with other laboratory or anthropometric measurements. The
cut-off value for %AC that showed the largest AUC (area under the curve) by ROC analysis
was 95. while that for %AMC was 92. Multiple regression analysis yielded an equation;
npRQ=0.0019X(%AC)—0.0134X(Child-Pugh score)+0.7791. Patient stratification by
"%AC=95 or by regression equation-based npRQ=0.85. but not by %AMC=92. produced
significant difference in survival curves. %AC and regression equation could represent npRQ
to some extent as parameters of energy nutrition in cirrhosis.

Key Words indirect calorimetry, protein-energy malnutrition, non-protein respiratory
quotient, arm circumference, arm muscle circumlerence

Protein-energy malnutrition (PEM) is common in
patients with liver cirrhosis (1. 2). and leads to poor
prognosis in this cohort (3-5). Indirect calorimetry is
an established method to diagnose energy malnutrition
(6) as it gives substrate oxidation rates and non-protein
respiratory quotient (npRQ) as useful markers to esti-
mate energy metabolism. In particular. npRQ<<0.85,
obtained in patients with liver cirrhosis after overnight
bed-rest and fasting, predicted significantly lower sur-
vival than in patients with higher scores (5). Such
patients with energy malnutrition are good candidates
to receive nutrition support as recommended in US,
European, and Japanese guidelines (7-9). However,
measurement of npRQ is limited in daily practice
because ol the high cost of indirect calorimetry. Thus. it
is important to find an alternative marker to npRQ that
can be used in the routine clinical setting. We con-
ducted the present study to investigate which anthropo-

*To whom correspondence should be addressed.
E-mail: mshiraki-gif@umin.ac.jp
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metric or biochemical parameters could best represent
npRQ in cirrhosis.

PATIENTS AND METHODS

Patients. Forty-four inpatients with cirrhosis were
enrolled in this study. Cirrhosis was diagnosed from
clinical and laboratory profiles and by histologic exami-
nation of liver biopsy specimens. The clinical and bio-
chemical characteristics of the subjects are shown in
Table 1. The etiology of cirrhosis was hepatitis B virus
in one patient. hepatitis C virus in 33. alcohol in six.
and others in four. The Child-Pugh classification (1)
was used to assess the severity of cirrhosis: 16 patients
were grade A, 19 were grade B, and 9 were grade C.
Patients receiving treatment with interferon or antivi-
rals and patients fasting for over a day within 2 wk
belore calorimetry were excluded.

Indirect calorimetry. Indirect calorimetry was per-
formed using a Deltatrac Metabolic Monitor (Datax
Division Inst. Corp., Helsinki, Finland) in a similar man-
ner to that explained in our previous report (1 1). Before
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Table 2.

TERAKURA Y et al.

Correlation coellicients among non-protein respiratory quotient and other variables.!

Non-protein Child-Pugh %hArm
respiratory quotient score circumference
Child-Pugh score 0.201
((0.0023}
%Arm circumference 0.204 0.121
10.0021) {0.0203)
Y%Arm muscle circumference 0.178 0.041 0.703
{0.004 3) (0.1873) (<0.0001)
Data are presented as 12 (p-value),
calorimetry. all subjects ate a full standard hospital diet () I

ol habitual Japanese dietary composition providing a
total energy intake of 33 kcal/kg/d. Energy composition
was 14% protein (1.3 g/kg/d). 20% fat (0.6 g/kg/d).
and 66% carbohydrate (6.4 g/kg/d). Three meals were
served al 08:00. 12:00, and 18:00 h. The subjects’
compliance with the dict was confirmed by the ward
dietician. Written informed consent was obtained from
all patients before participation in this study.

Parameters measured by indirect calorimetry were
oxygen consumption per minute (Vo)) and carbon diox-
ide production per minute (Vco,). Total urinary excre-
tion of nitrogen (UN) was measured as described previ-
ously (5). Resting energy expenditure (REE), npRQ. and
substrate oxidation rates of carbohydrate (%CHQ), {at
(%FAT). and protein (%PRO) were then estimated using
the following equations (11, 12).

REE (keal/d)=5.50V0:+1.76Vc0,—~1.99UN
npRO=(1.44Vc0,—4.890UN)/(1.44V0:—6.04UN)
CHO (/24 h)=5.926V0:+4.189VC0,—2.539UN
FAT (g/24 h)=2.432V0,+2.432Vc0,—1.943UN
PRO (g/24 h)=6.250UN

WCHO=4.18CHO/REEX 100
WFAT=9.46FAT/REEX 100
%WPRO=4.32PRO/REEX 100

Measurements were performed between 07:00 and
09:00 h while the patients were still in bed. The last
meal was served at 18:00 b on the previous day. Basal
metabolic rate (BMR) was calculated by the formula of
Harris and Benedict (1 3).

Anthropometry.  We measured height and  body
weight, and calculated body mass index (BM1). Anthro-
pometry including measurements of arm circumfer-
ence (AC) and triceps skinfold thickness {TSF), and esti-
mated arm muscular circumference (AMC) was carried
out using standard American Society {or Parenteral
and Enteral Nutrition procedures by an expert dietician.
AC. TSF. and AMC were expressed as percentages of
normal values according to Japanese anihropometry
reference data (JARD) 2001 (14). which provides gen-
der- and age-adjusted anthropometric values from a
total of 5,492 healthy subjects (2.7 38 males and 2,754
females) ranging from 18 to 85 y old.

Biochemistry.,  Fasting blood samples were collected
from antecubital veins in the early morning on the day
of the test, and were analyzed for serum levels of total
bilirubin, albumin, alanine aminotransferase, free fatty
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Fig. 1. Correlations between non-protein respiratory

quotient (npRQ} and %arm circumlerence (%AC) (r*=
0.204. p=0.0021) or %arm muscle circumlerence
%HAMC) (P=0.178, p=0.0043). Dotled lines indicate
the 90% confidence range ol the regression line,

acid, and branched-chain amino acid and tyrosine ratio
(BTR). Prothrombin time was also assessed.

Statistical analyses.  Values were expressed  as
median and range. Comparisons of measured values
among Child-Pugh grade A. grade B, and grade C were
performed using one-way analysis of  variance
{ANOVA). Comparisons ol gender, etiology, hepatocellu-
lar carcinoma, and supplementation with branched-
chain amino acids (BCAA) among Child-Pugh grades
were performed using contingency table analysis. The
correlations among npRQ, Child-Pugh score. laboratory
parameters, %AC, %TSF, and %AMC were evaluated by
Spearman’s correlation coefficient. ROC  (Receviver
operating characteristic) analysis was used to identify
the cut-off values that would best predict npRQ=0.85.
Multiple regression analysis was also performed (o draw
equations to estimate npRQ. Survival curves were con-
structed by the Kaplan-Meier method, and the statisti-
cal difference between curves was evaluated by log-
rank test. All analyses were performed using [MP 8.0
{SAS Institute, Cary. NC, USA} and p<0.05 was consid-
ered statistically significant.

RESULTS

%AC and %'TSF of patients with cirrhosis fell in paral-
lel with increasing grade of disease severity as defined
by the Child-Pugh classification (p<0.03) (Table 1)
suggesting the presence of PEM in these subjects. npRQ
also correlated significantly with increasing Child-Pugh
grade (p<(.03) (Table 1). In addition, free fatty acid



