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Figure 1 Fasting glucagon-like paptide-1 (GLP-1] lavels in healthy con-
trols (CON group, n=48), patients with hepatitis B virus-related liver
disease [HBV group, n=37), patients with hepatitis C virus-related liver
disease (HCV group, n=94), and patients with Iinflammatory bowel
disease (IBD; n=14), Values are expressed s mean = SEM, Compari-
sons between the groups were performed by anovs followed by Fighar's
protectad least significant difference. N.S., not significant, *P< 0.01,

Changes in fasting GLP-1 levels

The fasting serum GLP-1 levels were significantly decreased in the
HCV group compared to those in the controls (P < 0.01), the HBY
group (P <0.01), or the IBD group. an intestinal disease control
(P <0.01) (Fig. 1).

GLP-1 content of the ileum in patients with
HCV-related chronic liver disease

The GLP-1 content of the ileum was not significantly different
between the control and the HCV groups (Fig. 2a). Immunostain-
ing demonstrated that the GLP-1 intensity of L-cells was not
significantly different between the controls and the HCV group
(Fig. 2b).

Association between liver function and fasting
GLP-1 levels in patients with HCV-related liver
disease

In the HCV group, no significant difference was seen in the fasting
GLP-1 levels among CH (n=29), Child-Turcolle criterion A
(n=>54), B (n=22), and C (n =9). No significant association was
also seen beiween the fasting GLP-1 levels and albumin levels
(P =10.08, ¥ = 0.001), total bilirubin levels (P =0.07, # = 0.04), or
platelet count in the HCV group (P = 0.77. r = 0.001). Moreover,
no significant correlations were found between the fasting GLP-1
levels and APRI, an indicator of liver fibrosis (P=0.82,
7 =0.001) or serum IR levels (P =009, = 0.003).
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Figure 2 |leum glucagon-like peptide-1 (GLP-1) content. lleum GLP-1
content was evalusted by () enzyme immunoassay (control [CON]
group, n=4; HCV group, n=4) and (b) immunos:aining (CON group,
n=4; hepatitis C virus [HCV] group, n = 4). Representative photographs
show GLP-1 expression of immunostaining in lleal tissue. Arrows show
GLP-1 staining in endocringe L-cell of the ileum. Valuas are axpressed as
mean = SEM. Comparisons batween groups were made using the
Mann—Whitney Libtest. N.5., not significant. *P< 0.06

DPPIV expression in the ileum, liver, and
serum

In the ileum tssue, immunostaining showed that the DPPIV
expression levels were increased in the HCV group compared to
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Figure 3 Dipeptidy! peptidase IV (DPPIV] exprassion in the ileum, hepatocytes, and serum lleum DPPIV expression was evaluated by (a)
immunostaining and (b) immunoblatting (control [CON] group, n=4; hapatitis C virus [HCV] group, n=4). DPPIV expression in hepatocytes was
evaluated by (c) immunostaining and (d) immunoblotting (CON group, n=15; HCV group, n=4). Representative photographs show the DPPIV
expression of immunostaining and immunoblotting in the ileum or hepatocytes. (e) Serum DPPIV levels was maasured by ELISA (CON group,
n=10; HCV group, n=18). Values are expressed as mean = SEM, Comparisons between groups wera made using the Mann-Whitney LUitest
*P<0.05

that in the controls (P <0.05)(Fig. 3a). Immunaoblotting also compared fo the controls (P < 0.05) (Fig. 3c). Immunoblotting
showed a significant increase of DPPIV expression levels in the also revealed that the DPPIV expression levels were significantly
HCV group (P < 0.05) compared to that in the controls (P < 0.05) increased in the HCV group than those in the controls (P < 0.05)
(Fig. 3b). In the hepatocytes, immunostaining showed that DPPIV (Fig. 3d). The serum DPPIV levels were significantly increased in
expression levels were increased in the HCV group (P < 0.05) the HCV group than that in the controls (P < 0.05) (Fig. 3e).
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Figure 4 (a) Hepatic glycogen content was examined by periodic acid-

Schitf (PAS) staining in healthy controls (CON; n=5), patients with
hepatitis B virus-related liver disease (HBV group, n= 18), and patiants
with hepatitis C virus-related liver disease (HCV group, n=20). (b) PAS
staining intensity was evaluated by measuring poel intensities using
NIH Image-J). Values are expregsed as mean + SEM. Comparisons
batwaeen the groups were performed by amova lollowed by Fisher's
protacted least significant difference. N.S., not significant. *P<0.05;
=P<0.01

Ability of glucose uptake and insulin secretion
in patients with HCV-related chronic liver
disease

The ability of glucose uptake and insulin secretion was examined
by an OGTT. The HCV group (n=21) showed persistent in-
creases in glucose (2085 = 25.2mg/dl) and insulin levels
(63.2 = 7.4 pU/dL) at 120 min, although Asian men with normal
glucose tolerance showed decreases in glucose at 120 min.* The
HOMA-B-values were within the normal range in the HCV group
(97 + 15.3: n= 21). Similarly, the insulinogenic index in the HCV
group was within the normal range (1.0 = 0.3; n=21).

Glycogen accumulation levels in the liver

The glycogen accumulation levels of the liver specimens were
significantly decreased in the HCV group than that in the controls
(P < 0.05) or the HBV group (P < 0.01) (Fig. 4a.b).

Altered GLP-1 and DPPIV in patients with HCV

Discussion

In this study, we demonstrated decreased serum GLP-1 levels and
increased DPPTV expression in the liver, ileum, and serum in
patients with HCV infection, We also showed impaired hepatic
glycogen storage in patients with HCV infection.

Insulin resistance was significantly increased in the HCV group,
which iz in accordance with previous reports.''* HCV genotype 3
is associated with insulin resistance.'” Although we could not
examined the HCV genotype for all of the enrolled patients, it was
reported that the prevalence of HCV genotype 3 is only found in
1.3% of Japanese (5/379 patients)* In addition, there were no
patients with HCV genotype 3 infection among the 158 patients
with HCV infection in our previous investigation, which was con-
ducted in an area similar to the one in the current study.® Thus, il
seems that genotype is nol a factor responsible for insulin resis-
tance in this study. Insulin resistance can be also caused by the
dysfunction of several organs. The gut is involved in the develop-
ment of insulin resistance through the regulation of gut hormones,
such as GLP-1."" In this study, we first demonstrated the
decrease in the active form of serum GLP-1 levels in patients with
HCV- iated insuli i In contrast, increases in both
insulin resistance and the active form of serum GLP-1 levels are
seen in patients with type 2 diabetes mellitus and alcoholic liver
disease.® This discrepancy suggests that HCV is involved in the
downregulation of GLP-1.

GLP-1 mainly occurs in the terminal ileum.' " In both immu-
nostaining and ELISA, there was no significant difference in ileum
GLP-1 expression levels between the controls and the HCV group.
Thus, in patients with HCV infection, the downregulation of serum
GLP-1 levels was not caused by a decrease in GLP-1 expression in
the ileum. However, the liver is considered a major site for the
regulation of serum GLP-1 levels and more than 40% of circulat-
ing GLP-1 is degraded in the liver." Therefore, we investigated a
relationship between serum GLP-1 levels and liver function. There
was no correlation between the serum GLP-1 levels and the indi-
cators of liver function. Thus, liver function also does not seem to
be a responsible factor for the downregulation of serum GLP-1 in
patients with HCV infection. It would be reasonable to assume that
the downregulation of serum GLP-1 levels reflects negative feed-
back resulting from the increased insulin resistance in HCV-
infected patients. However, there was no significant correlation
between fasting serum GLP-1 levels and serum IRI levels. In
addition, a previous study demonstrated that hyperinsulinemia
does not inhibit GLP-1 secretion.”’ Thus, negative feedback does
not seem to directly downregulate serum GLP-1 levels in HCV-
infected patients.

DPPIV rapidly inactivates active GLP-1.> DPPIV localizes at
intestinal brush-borders and membrane of hepatocytes.” In addi-
tion, the circulating soluble form of DPPIV exhibits enzymatic
activity.” In this study, we found increased DPPIV expression of
the ileum, liver, and serum in patients with HCV infecuon.
Although we could not assess tissue DPPIV activity, DPPIV
expression levels are positively correlated with its peplidase activ-
ity.*® It seems therefore thal the upregulation of DPPIV increases
its peptidase activity, which subsequently causes a decrease in
serum GLP-1 levels. The reason for the increased DPPIV expres-
sion in patients with HCV infection is unclear. However, DPPIV is
also known as CD26, an immune-regulating molecule expressed
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on T cells.* A significant increase in DPPIV/CD26 expression is
seen in a hepatoma cell line transfected with @ HCV non-structural
genome region.”” HCV infects not only liver, but also extrahepatic
tissues, including the intestine and lymphocytes.™ Thus, it is pos-

sible that HCV directly upregulates DPPIV expression in the
ileum, liver, and serum.

GLP-1 plays an important role in the early phase of insulin
secretion.” Unexpectedly, in the HCV group, the HOMA-f-value,
an indictor of basal insulin secretion. and the insulinogenic index,
an indicator for early-phase insulin secretion, were equal to those
of healthy Asian patients.” Although the serum GLP-1 levels were
decreased, the downregulation of GLP-1 in patients with HCV
infection did not seem 1o have a significant influence on the early
phase of insulin secretion. Insulin secretion might be compensated
by other stimuli of insulin secretion, including glucose-dependent
insulinotropic polypeptide.

GLP-1 increases glycogen synthesis in hepatocytes by stimulat-
ing glycogen synthase a.'"* It is well known that hepatic glycogen
storage is depleted in patients with cirrhosis. However, etiological
differences in glycogen storage have never been investigated.
Here, we demonstrated that glycogen content was significantly
decreased in the HCV group than in the controls and the HBV
group. The depletion of glycogen storage leads to an increase in
free fatty acid (FFA) levels.*’ Serum FFA levels were increased in
HCV-related chronic liver disease.*” Increased FFA impairs intra-
cellular insulin signaling, insulin receptor substrate-1 tyrosine
phosphorylation, and results in increased insulin resistance.
These findings suggest that the downregulation of GLP-1 is
involved in increased insulin resistance through the depletion of
glycogen storage in hepatocytes.

M Itou at al

This study was supported in pant by a Grant-in-Aid for Scientific
Research (C) (No. 16590648 to M.S.) and a Grant-in-Aid for
Young Scientists (B) (No. 19790643 to T.K.) from the Ministry
from the Ministry of Education, Culture, Sports, Science and
Technology of Japan, the Vehicle Racing Commemorative Foun-
dation, a grant from the Ishibashi Foundation for the Promotion of
Science, and a grant from the 21st Century Centre of Excellence
Program for Medical Science, Kurume University.

References
1 Blendis L, Brill §, Oren R. Hepuopmusdhhem reduced insulin
sensitivity and i d 4y 2000; 119:
1800-2.

2 Megyesi C, Samols E, Marks V. Glucose tolerance and diabetes in
chronic liver disease. Lancer 1967, 2: 1051-6.

3 Fantoux L, Poujol-Robert A, Guechot J, Wendum D, Poupon R,
Serfaty L. Insulin resistance is a cause of steatosis and fibrosis
progressian in chronie hepatitis C. Gir 2005, 54: 1003-8.

4 Zekry A, McHutchison JG, Diehl AM. Insulin resistance and

is in hepatitis C virus inft Gur 2005; 54: 903-6.

5 Koike K. Hepatitis C as & metabolic disease. Implication for the
pathogenesis of NASH. Heparol. Res. 2005; 2: 145-50,

6 RMM DelMatVi!an Mdrad:R.lﬂaL Insulin

P rale 10 peginterf plus
ribavirin in chm:c hepatitis C patients. Gastroenternlogy 2005; 128:
636-41,

7 Hassan MM, Hwang LY, Hatten CJ er al. Risk factors for
hepatocellular carcinoma: synergism of alcohol with viral hepatitis
and diat mellitus. Hepatology 2002; 36: 1206-13.

8 Bimchi G, Marchesini G, Zoli M, Bugianesi E, Fabbri A, Pisi E.

The results of the ileum tissue experiments are limited, b
the data were obtained from a small subgroup. Although all of the
cases showed a similar trend, these patients may not be represen-
tative of the whole group. Furthermore, the significance of the
DPPIV-GLP-1 regulatory pathways in HCV-related glucose intol-
erance is unclear. Thus, the comparison of the DPPIV-GLP-1
regulatory pathway with other factors linked to glucose intoler-
ance, such as BML, is required for further clucidation. Another
limitation is patient selection, The majority of enrolled patients
were in the early stage of liver cirthosis (Child-Turcotte A). More-
over, patlems who had been taking oral hypoglycemic agents or
insulin inj were excluded from this study. Thus, we have to
be cautious in the interpretation of data from a relatively selected
population of HCV infection.

In conclusion, this study showed decreased serum GLP-1 levels
and increased DPPIV levels in the ileum, liver, and serum in
patients with HCV infection. Decreased GLP-1 levels may be due
to an upregulation of DPPIV expression. A GLP-1 action, hepatic
glycogen synthesis, was impaired in patients with HCV infection.
Thus, the altered expression of GLP-1 and DPPIV may be respon-
sible for HCV-associated glucose intolerance.

Acknowledgments

The authors thank Eiichi Hirano, Yumi Ogo, Mari Hagihara, Yuko
Fujimoto, Syunichi Hattori and Hidetoshi Itoya (Ortho-Clinical
Diagnostics, Kabushiki Kaisha, Tokyo, Japan) for technical
assistance.

250

Journal campilation @ 2007 Journal of G ay

gnostic significance of diabetes in patients with cirhosis.
Heparoton 1994; 20: 119-25.

9 Sonc H, Yoshimura Y, Ito H, Ohashi Y, Yamada N. Energy intake
and obesity in Japanese patients with type 2 diabetes. Lancer 2004;
363: 248-9.

10 PR i M, Nakashi

by cell fi

T, 8 ia Y eral. Insulin

and serum ferritin level in non-diabetic
paticnts with hepatitis C virus infection. Liver Int. 2003; 23: 294-9,

11 Kawaguchi T, Yoshida T, Harada M er al. Hepatitis C virus
down-regulates insulin receptor substrates | and 2 through
up-regulation of suppressor of cytokine signaling 3. Am. J. Pathol
2004; 165: 1499-508.

12 Seltzer HS, Allen EW, Herron AL Jr, Brennan MT. Insulin secretion
in response to glyeemic stimulus: relation of delayed initial release
1o carbohydraie in mild diabetes mellitus. J. Clin. Invest,
1967; 46: 323-35.

13 Holst JJ. Glucagon-like peptide-1: from extract to agent. The Claude
Bernard Lecture, 2005, Diabetologia 2006; 49: 253-60.

14 Drucker DJ, The biology of incretin hormones. Cell Metab. 2006; 3:

153-65.

15 Miura Y, Matsui H. Glucagon-like peptide-1 induces a
cAMP-depend of [Na+]i d with insulin secretion
in pancreatic beta-cells. Am. J. Physiol. Endocrinol. Metab. 2003;
285: E1001-9.

16 Ahren B. GLP-1 and extra-islet effects. Horm. Metab. Res. 2004; 36;
842-5.

17 Redondo A, Trigo MV, Acitores A, Valverde I,
Villanueva-Penacarrillo ML. Cell signalling of the GLP-1 action m
rat liver. Mol. Cell Endocrinol. 2003; 204: 43-50.

18 Deacon CF, Pridal L, Klarskov L, Olesen M, Holst JJ. Glucagon-like
peptide 1 undergoes differential tissue-specific metabolism in the
unesthetized pig. Am. J. Physiol. 1996; 271: E458-64.

Joumnal of

gy and gy 23 (2008) 244-251 @ 2007 The Authors
D gy Foundaticn and Blackwel! Publishing Asia Pty Lid

and F

— 279 —



M ltou &t &l

19 Nagakura T, Yasuda N, Yamazaki K, Ikuta H, Tanaka L

Alterad GLP-1 and DPPIV in patients with HCV

3l leahssh: H Manaka H, Suda K er al. Hyperglycaemia but rmi

Enteroinsular axis of db/db mice and efficacy of dipeptidyl peptid
IV inhibition. Metabolism 2003; 52: 81-6.

20 Mannucci E, Pala L, Ciani § er al. Hyperglycaemia increases
dipeptidyl peptidase IV activity in diak mellitus. Diabetolog
2005; 48: 1168-72.

21 Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Tumer RC. Homeostasis model assessment: insulin resistance and
beta-cell function from fasting plasma glucose and insulin

in man. Diabetologia 1985; 28: 412-19.

22 Wai CT, Greenson JK. Fontana RJ ef al. A simple noninvasive index
can predict both significani fibrosis and cirrhosis in patients with
chronic hepatitis C. Hepatology. 2003, 38, 518-26.

23 Christensen E, Schlichting P, Fanerholdt L & al. Prognostic value of
Child-Turcotie criteria in medically treated cirrhosis. Heparology
1984; 4: 430-5.

24 ernmn A. Tsumaysa K, Awaji T r.mL Free hmr acids regulate gut

like peptide-1 hrough GPR120. Nar.
Med. 200!: ll: 90-4.

25 Kawaguchi T, Sakisaka S, Sata M, Mori M, Tanikawa K. Different
lobular distributions of altered hepatocyte tight junctions in rat
models of intrahepatic and extrahepatic cholestasis. Hepatology
1999; 29: 205-16.

26 Tanaka Y, Atsumi Y, Asahina T ef al. Usefulness of revised fasting
plasma glucose criterion and characteristics of the insulin response
to an oral glucose load in newly diagnosed Japanese diabetic
subjects, Diabetes Care 1998; 21: 1133-7,

27 Kudryavtseva MV, Sakuta GA, Skorina AD, Stein GI,

Emelyanov AV, Kodryavisev BN, Quantitative analysis of glycogen
content in hepatocyles of portal and central lobule zones of normal
human liver and in patients with chronic hepatitis of different
etiology. Tixsue Cell 1996; 28: 279-85.

28 Nagao Y, Kawaguchi T, Tanaka K, Kumashiro R, Sata M.
Extrahepatic manifestations and insulin resistance in an HCV
hyperendemic area. Int. J. Mol Med. 2005; 16: 291-6.

29 Orskov C, Jeppesen J, Mldtbld S Holll 11 ngllml;on pmdums in
plasma of noninsuli ics and in
the fasting state and after oml gl and intr i
J. Clin. Invest. 1991; 87: 4]5—-23

30 Kruszynska YT, Ghatei MA, Bloom SR, Mclnr)mc N. Inwim
secretion and plasma levels of glucose-d

ide and glucagon-like peptid I[T3ﬁmlde]lﬂamlg}mm
in cirrhosis. !i'epam.!og)' I99$ 21: 933-41.

L}

Journal of G ay and gy 23 (2008) 244-251 © 2007 The Authors

the ion of glucagon-like p |

l,'? %mdc]tumululeﬂ by fat ingestion. Scund 4. Clin Mb Invest.
1991, 51: 499-507,

32 Hansen L., Deacon CF, Orskov C, Holst J1. Glucagon-like
peptide- 1-{7-36) amide is ransformed to glocagon-like
peptide-1-{9-36) amide by dipeptidyl peptidase TV in the capillaries
supplying the L cells of the porcine intestine. Endocrinology 1999:
140: 5356-63.

33 Thum A, Hupe-S-odmnK.GmR,\hpl K.GokeB
MecGregor GP. Endoproteolysis by isolated id
reveal metabolic stability ol' glucagon-like peptide- | malnsl
exending-3 and 4. Exp. Clin. Endocrinol. Diabetes 2002: 110:
113-18.

34 Deacon CF. Circulation and degradation of GIP and GLP-1. Horm
Metab. Res. 2004; 36: 761-5.

35 Kobayashi H. Hosono O, Mimon T er al. Reduction of serum
soluble CD26/dipeptidy] peptidase IV enzyme activity and its
con:lmnnwh‘ ivity in sy ic lupus eryth

J. Rheumatol. 2002; 29: ISSB—&&
36 Ohnuma K, Yamochi T, Hosono O, Morimoto C. CD26 T cells in

the pathog is of asth Clin, Exp. I L 200§; 139; 1316,
37 Hm:h'r Kim DW, Sagawa K et al. Churulnrimouol’m
established humsn b eell line

nmwwdhpam“Cvmbmenwofwul
cDNA. J. Gen. Virol 1995; 76: 1215-21.
38 Yan FM, Chen AS, Hao F er al. Hepatitis C virus may infect
hepatic tissues in patients with heparitis C. World J,
Gastroenterol. 2000; 6: 805-11.
39 Ruk E, Olsson T, Sndﬂ'bcrg S er al. Insulin secretion and incretin

after oral g in non-obese subjects with impaired
glucose tolerance. Mnm.bm‘.i.m 2004, 53: 624-3].
a0 M TF, And: PC, Plisetskaya EM. Glucagon-like
ides activate | ic gl is. FEBS Lert. 1987, 219:

227-32

4] Boden G. Free fatty acids and insulin secretion in humans. Curr.
Diab. Rep. 2005; 5: 167-70.

42 Konrad T, Vicini P, Zeuzem S e7 al. Interferon-alpha improves
glucose tolerance in diabetic and non-diabetic patients with
HCV-induced liver disease. Exp. Clin. Endocrinol. Diabetes 1999;
107: 343-9,

43 Hirosumi J, Toncman G, Chang L er al. A central role for JNK in
obesity and insulin resistance. Nature 2002; 420: 333-6.

Journal compilation © 2007 Jounal of G gy and | gy F

#nd B P g Asa Pty L



Hepatology Research 2008; 38: 683688

Original Article

doi: 10.1111/j.1872-034X.2008.00319 x

Suppressive effect of oral administration of branched-chain
amino acid granules on oxidative stress and inflammation
in HCV-positive patients with liver cirrhosis

Tomoyoshi Ohno,' Yasuhito Tanaka,? Fuminaka Sugauchi,? Etsuro Orito,? Izumi Hasegawa,’
Haruhiko Nukaya,' Atsunaga Kato,' Seijiro Matunaga,’ Masayuki Endo,' Yoshito Tanaka,'

Kenji Sakakibara' and Masashi Mizokami®

'Department of Gastroenterology, Social Insurance Chukyo Hospital, *Department of Clinical Molecular
Informative Medicine, and *Internal Medicine and Bioregulation, Nagoya City University Graduate School of

Medical Sciences, Nagoya, Japan

Aim: In chronic hepatitis C virus (HCV) infection, it Is thought
that both chronic persistent inflammation and oxidative
stress contribute to the development of hepatocellular carci-
noma (HCC), and it has been reported that long-term oral
supplementation with branched-chain amino acid (BCAA)
granules could Inhibit liver carcinogenesis, However, the
extent of the involvement of these factars remains obscure.

Methods: To clarify the Involvement of inflammation and
oxidative stress in the inhibition of liver carcinogenesis, we
evaluated the effect of oral administration of BCAA granules
on oxidative stress and inflammation in HCV-positive patients
with liver cirrhosis.

Results: Twenty-seven patients were enrolled in the study:
18 of the patients were treated with BCAA granules (adminis-
tered group) and nine were observed without BCAA granules
(non-administered group). In the non-administered group,
the production of oxidative stress, as indicated by urine
8-hydroxydeoxyguanosine (B-OHdG) and 15-F2t-Isoprostane

(8-1soPs), significantly Increased with time, while in the admin-
istered group the levels of ferritin and 8-OHdG decreased
significantly. Comparison of the two groups demonstrated
that highly sensitive CRP, ferritin, 8-OHdG and B-IsoPs were
significantly reduced by taking BCAA granules. The time-
course analysis showed that ferritin and highly sensitive CRP
seemed to decrease first, followed by a decrease of 8-OHdG
and 8-IsoPs.

Conclusion: These findings indicated that the administra-
tion of BCAA granules influenced microinflammation and the
metabolism of iron in HCV-positive patients with liver cirrho-
sis, and subsequently seemed to reduce the production of
oxidative stress, possibly leading to a decrease in the occur-
rence of HCC.

Key words: branched-chain aminoe acid, hepatitis C virus,
liver cirrhosis, oxidative stress

INTRODUCTION

HERE ARE APPROXIMATELY 170 million people
infected with hepatitis C virus (HCV) worldwide.’
HCV is a major causative agent of liver disease, includ-
ing chronic hepatitis, liver cirthosis (LC) and hepatocel-
lular carcinoma (HCC). It is estimated that 70-80% of
HCV infections evolve into chronic infection. Once

Correspondence: Masashi Mizokami, Department of Clinical
Molecular Informative Medicine, Nagoya, City University Graduate
School of Medical Sciznces, Kawasumi, Mizuho, Nagoya 467-8601,
Japan. Ematl: mizokami@med nagoya-cu.ac.jp

Received 23 July 2007; revision 1 November 2007; accepted 28
November 2007

© 2008 The Japan Society of Hepatology

HCV develops into cirrhosis, HCC develops at an
annual rate of 5-7%.% Nevertheless, the precise mecha-
nism underlying HCV-associated HCC is not completely
understood. HCV.may contribute to the development of
HCC by facilitating the accumulation of genetic damage
as a result of continuous cell death followed by regen-
eration in the course of chronic hepatitis. If this is the
case, HCV would only be associated indirectly with
hepatocarcinogenesis, Another possibility is the direct
involvemnent of HCV in hepatocarcinogenesis, whereby
some products of the virus may be oncogenic and
involved in cell transformation. Recently, the core
protein of HCV has been shown to induce HCC in a
transgenic mouse model and has been suggested to play
a central role in the development of HCC in chronic
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hepatitis C* However, it still remains unclear how the
core protein influences the development of HCC. An
additional possibility is the involvement of oxidative
stress. Recently, numerous studies have shown that HCV
infection itself causes oxidative stress 10 a greater degree
than other inflammatory liver disease **

Oxidative stress is defined as a disturbance of the
normal balance between oxidants and antioxidants in
the body. Under oxidative stress, reactive oxygen species
(ROS) can modify macromolecules such as lipids, pro-
teins and nucleic acids (DNA). If ROS-mediated DNA
damage is not repaired, it leads to the production of
genetic mutations as well as gross chromosomal alter-
ations and contributes to cancer development in multi-
step carcinogenesis.®

Clinically, when long-term supplementation with
branched-chain amino acids (BCAA) is given to patients
with compensated or decompensated cirrhosis, their
nutritional status, as indicated by hypoalbuminemia,
ammonia metabolism and glucose metabolism, is
improved.” Additionally, a recent study has shown that
long-term oral supplementation with BCAA can inhibit
liver carcinogenesis, especially in overweight or obese
patients.®

Against this background, we hypothesized that when
BCAA granules are administered orally to patients with
LC, the improvement of hypoalbuminemia, glucose and
ammonia metabolism, as well as the inhibitory effect on
hepatocarcinogenesis, might be due to a reduction of
oxidative stress by the BCAA supplementation. In the
present study, we investigated the effects on oxidative
stress of administering BCAA granules orally to patients
with LC.

METHODS

Subjects, design and protocol

HE SUBJECTS INCLUDED in the present study were
outpatients with compensated cirrthosis who had
hypoalbuminemia despite adequate food intake.

A 1otal of 27 subjects, 18 of whom were given a 4 g
BCAA preparation (LIVACT Granules; Ajinomoto,
Tokyo, Japan) administered orally three times daily after
meals (administered group), and nine of whom were
followed up without the BCAA granules as a control
(non-administered group), were enrolled in the present
study. All of subjects were confirmed to be HCV-positive
and HBV-negative patients with liver cirrhosis and
without other liver diseases, including HCC as shown by
image techniques, and not to be have received any
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Table 1 Characteristics of HCV patients with LC

P Cc
Number of patients 18 9
Age 56-80 52-79
Median 70.2 66.8
Sex (male/female) 9/9 4/5
Routine parameters
Uric acid (mg/dL) 5.44 5.8
NH3 (ug/dL) 64.44 68.56
T-protein (g/dL) 7.59 7.53
Alb (g/dL) 3.84 3.68
AST (IU/L) 68.39 67.44
ALT (/L) 4994 46
LDH (1U/L) 228.29 230.44
ALP (IU/L) 338.12 325.67
T-chol (mg/dL) 153,94 168.56
FBS (mg/dL) 138.56 119.44
PT-INR 1.1 1.13
AFP (ng/mL) 33.39 16.06
Centrally measured parameters
Ferritin (ng/mL) 65.93 45.23
Highly sensitive CRP 1043.56 428.11
(ng/mL)
8-OHdG (ng/mL) 11.07 935
B-1soPs (ng/mL) 373.96 338.57
Hepatocellular carcinoma 0 0

ALT, alanine transaminase; C, control patients; HCV, hepatitis C
virus; LC, liver cirrhosis; P, patients who were orally
administered branched-chain amino acid (BCAA) preparation
thrice a day.

medication with BCAA granules, intravenous albumin
administration, or enteral nutrition for hepatic insuffi-
ciency within 8 weeks before enrollment. Patients were
followed up for at least 6 months and blood and urine
samples were collected at treatment initiation (0 M) and
at 1 month (1 M), 2M, 3 M, 4M and 6 M for as long
as possible. Routine laboratory parameters as shown
in Table 1, highly sensitive CRP, ferritin and oxidative
stress  markers  (urine  8-hydroxydeoxyguanosine
|8-OHdG] and urine 15-F2t-Isoprostane [8-IsoPs]) were
evaluated.” Routine laboratory parameters were mea-
sured on every visit to hospital. Blood and urine
samples were stored at —70°C until highly sensitive
CRP, ferritin, urine 8-OHdG and urine 8-IsoPs were
centrally measured at SRL MediSearch (Tokyo, Japan).
The raw values (nanogram: ng/mL) of urine 8-OHdG
and urine 8-IsoPs were conventionally corrected by
urinary creatinine (mg/dL) to make it possible to
compare them with each other.”

It was confirmed that the patients’ medications had
not been changed within 8 weeks before enrollment or
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during the administration of BCAA. The eligibility and
exclusion criteria were made according to the manufac-
turer’s instructions,

This study was a post-marketing clinical trial and was
performed with the approval of the review board of
Social Insurance Chukyo Hospital. Written informed
consent to participate in this trial was obtained from all
subjects.

Statistical analysis

The primary end point was the amount of change in
oxidative stress markers. The ¢ statistic was used to eva-
luate whether the study drug was useful for reducing
oxidative stress. Data were further analyzed by the
Mann-Whitney U-test. P < 0.05 was considered statisti-
cally significant.

RESULTS

HE CHARACTERISTICS OF the two groups of
patients were comparable in terms of age, sex and
underlying liver disease severity, as shown in Table 1.
To assess how the evaluated variables altered during
the observation, the data from before (0 M) and at 6
months (6 M) were compared in each group (Table 2).
The results showed that total cholesterol (T-chol) was
significantly decreased and PT-INR was significantly
prolonged, and also that urine 8-OHdG and 8&-lsoPs
were significantly increased at 6M in the non-
administered group. The decrease in T-chol and the pro-
longation of PT-INR might mean that the liver diseases
were becoming more severe and that oxidative stress was
increasing in the patients over time. In contrast, in
administered group, urine 8-OHdG and serum ferritin
at 6 M significantly decreased, suggesting that adminis-
tering BCAA granules regularly might reduce oxidative
stress. Considering that highly sensitive CRP was
slightly, although not significantly, increased in the
non-administered group and slightly decreased in the
administered group during the observation period, it
was considered necessary to compare the alterations
between the non-administered group and the adminis-
tered group. Therefore, the time-dependent alterations
(Ap or Ac=values — valuess) of all parameters were
compared between the two groups using the Mann-
Whitney U-test. The results showed that ferritin, highly
sensitive CRP, urine 8-OHdG and urine 8-IsoPs were
significantly decreased by BCAA administration. Con-
sidering that ferritin reflects the body's iron storage'
and that highly sensitive CRP can detect changes in
microinflammation, our data suggested that taking
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Table 2 Results of statistic analysis
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373.96
337.89
0.518
338.57
512.41
0.047
0.025

§-OHAG  8-IsoPs
0.0003
0042
0.00038

11.07
0.03
9.35

10.64

1043.56
351.28
0.095
428.11
591.44
0311
0.041

Ferritin - H-CRP
65.03
53.15
0.024
45.23
44.87
0.881
0.037

0.758
16.06
0.445

33.29
34.88
26.21

PT-INR  AFP

1.10
111
113

1.16

0.865 0.004
D.799 P>0.05 P=>010

0.236 0.454

119.44
120.56

FBS
138.56
122.89

0.664

168.56
0.021

0.483 P>0010

158.00

T-chol
154.94
160.33

228.29
213.92
0.238
230.44
211.89
0.055

LDH

0.619
46.00
41.11

0359

49.94
48.56

60
67.44
59.33
0.181
0.857 =0.10

AST ALT
68.39
63.44

Alb
384
3.87
62
3.68
3.59
0.303
0.194

0.
aminotransferase; C, control patients; H-CRP, highly sensitive CRI’; P, patients who were orally administered branched-chain

0.291
amino acid (BCAA) preparation thrice a day.

T
protein
759
7.63
7.53
7.29

Uric NH3
acid
5.44 64 44
570 7522
0.284 0.334 0.877
5.80 68.56
5.6 80.89
0.433 0.439 0.086
0.245 >0.10
ase; AST,

*P < 0.05 versus data of 0 M for data of 6 M (T-test). **P< 0.05 versus data of AP (Pgy ~ Pau) for AC (Can — Con) (Mann-Whitney U-test)

Data depict mean values.

Whitney* *

ALT, alanine

P (0M)
P (6 M)
P-value*
C (0 M)
C (6 M)
Pvalue*
Mann-
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Figure 1 Time-course analysis of ferritin, highly sensitive CRP, 8-OHdG and 8-IsoPs. In seven patients of the administered group,

markers of oxidative stress (8-OHdG and 8-IsoPs), ferritin and hi

represents the mean + SD. Ferritin decreased slightly, although

ghly sensitive CRP were measured at 0 M, 3 M and 6 M. Each point
not significanty, and highly sensitive CRP significantly decreased

over time, The values of 8-OHdG and 8-1soPs did not decrease, but rather increased at 3 M and then significantly decreased at 6 M.

BCAA granules regularly reduced iron storage, microin-
flammation and oxidative stress.

Next, we evaluated how these parameters that were
reduced by BCAA administration altered over time in
seven patients of the administered group. As shown in
Figure 1, ferritin decreased slightly although not signi-
ficantly, while highly sensitive CRP significantly
decreased with time. In contrast, urine 8-OHdG and
8-IsoPs were increased at 3 M and then significantly
decreased at 6 M, compared to their levels before BCAA
administration. Considering that it has been reported
that hepatic iron accumulation was present in patients
with chronic hepatitis C, the decrease of ferritin might
indicate the improvement of not only hepatic iron accu-
mulation, buf also iron metabolism.'® Therefore, these
data may indicate that the reduction of oxidative stress
was followed by an improvement of the iron metabo-
lism and microinflammation.

DISCUSSION

HE AIM OF this study was to analyze the effects on

oxidative stress of the oral administration of BCAA
granules to HCV-positive patients with LC. In terms of
the usefulness of BCAA granules, in the present study
the level of albumin did not change significantly, which
was probably due to the number of enrolled patients,
although some papers have described BCAA granules as
improving nutritional disorders associated with abnor-
mal protein and amino acid metabolism in patients
with LC+! Additionally, one in vitro study has shown
that an increase in the molar ratio of BCAA (o aromatic
amino acids reduced the growth of HepG2 cells;”® and
recently Muto et al. reported that long-term supplemen-
tation with BCAA decreased the risk for HCC in patients
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with LC. These authors pointed out that hyperinsuline-
mia and peripheral insulin resistance are important
mechanisms, although these mechanisms are not yet
fully understood.* Under these circumstances, if BCAA
granules did suppress the production of oxidative stress
in HCV-positive patients with LC, it would be another
potential mechanism by which the incidence of HCC in
HCV-LC patients could be reduced, Therefore, in this
study, which we believe is the first report on this topic,
we focused on the effect of BCAA on oxidative stress.
However, the present study was not a control study but
a preliminary study; in the future a larger scale study will
be required.

The risk of developing HCC is significantly increased
in patients with chronic hepatitis. Hepatocarcinogenesis
is considered a multi-step process, in a similar way to
the carcinogenesis of other cancers, and is thought to
involve at least two factors. One is HCV viral protein,
especially the core protein that has been shown to alter
the oxidant-antioxidant status of the liver,* and another
is chronic inflammation. Regarding the former, several
studies have investigated the possible role of oxidative
injury in the pathogenesis of hepatitis C.'*'* In particu-
lar, oxidative damage is evident in both HCV-infected
patients and in HCV-transgenic mice in the absence
of necroinflammatory changes or transaminoferase
release.** Moreover, a direct relationship between HCV
core protein and HCC has been reported recently. >
Certainly, it is easily to imagine that when DNA damage
caused by oxidative stress is not repaired, the accumu-
lation of genetic damage leads to the development of
hepatic neoplasm. It has actually been demonstrated
that antioxidant treatment improved the liver injury of
chronic hepatitis C patients in a prospective study.”
Clinically, with oral administration of BCAA, we expe-
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rienced not only that the nutritional status of such
patients improved, but also that the incidence of HCC
was reduced.® These findings prompted us to evaluate
the effects of BCAA granules on the production of oxi-
dative stress, The results, as expected, showed that urine
8-OHdG and 8-IsoPs were significantly reduced com-
pared with those patients followed up without BCAA
administration.

In addition to the substantial role of oxidative
stress in HCV-associated hepatocarcinogenesis, chronic
inflammation is also important. In asymptomatic
patients who show normal alanine transaminase (ALT)
levels despite having HCV-RNA, the possibility of
progression of the disease to LC and HCC has been
reported, but HCV-positive HCC is rarely observed in
healthy carriers, and is mainly observed in patients with
LC." This means that chronic inflammation, creating a
cycle of repeated hepatocyte destruction and regenera-
tion, is very important to the development of HCC. On
the other hand, chronic hepatitis in the absence of
hepatitis virus infection, such as autoimmune hepatitis,
carries a low risk for the development of HCC."” Based
on these findings, it is thought that both HCV proteins
and chronic inflammation contribute to the develop-
ment of HCC additively or synergistically. In the present
study, the level of ALT and aspartate aminotransferase
(AST) was not significantly changed, but microinflam-
mation, as indicated by highly sensitive CRP, not usual
CRP, was found to be first reduced, followed by the
reduction of oxidative stress by oral administration of
BCAA granules.

However, oxidative stress is reported to be influenced
by various things: alcohol consumption, supplementa-
tions such as vitamin A tablets, other inflammation
and malignancy complications. In considering the
mechanism by which the production of oxidative
stress was reduced by the oral administration of BCAA
granules, we experienced one interesting patient. This
patient took iron supplementation for anemia from
before entry into this study until 6 M after the enroll-
ment. Despite administrating BCAA granules, the pro-
duction of oxidative stress was not decreased in this
patient, but rather gradually increased. When the
patient stopped taking the iron supplements, the pro-
duction of oxidative stress gradually decreased (data
not shown). In the present study ferritin, which is con-
sidered to reflect the body’s iron store, was shown to be
significantly decreased, along with oxidative stress, in
the administered group. There are some papers in the
literature reporting that iron stimulates the production
of ROS and that hepatic iron overload induces HCC.*

Suppressive effect of BCAA on hepatocarcinogenesis 687

These findings may suggest that BCAA is able to reduce
the production of ROS by involving with the iron
metabolism,

BCAA granules certainly seemed to reduce the produc-
tion of oxidative stress and microinflammation, which
could possibly lead to a decrease in the occurrence of
HCC with long-term supplementation, but as the
number of enrolled patients in this study was limited, in
the future large-scale studies in which patients with LC,
including patients without HCV infection, are adminis-
tered BCAA granules, will be necessary.
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