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Summary

A controlled study was performed in 18 viral cirrhosis patients to evaluate whether immune
function, as indicated by natural killer (NK) cell activity, was improved by a branched-chain
amino acid-enriched nutrient mixture (nutrient-mixture), Aminoleban EN. Five patients re-
ceived the nutrient-mixture (100 g/day) for 2 to 6 weeks preceded by control periods. Five
additional patients received the nutrient-mixture for 2 to 4 weeks, and the remaining & patients
did not receive the nutrient-mixture. NK cell activity, CD16, CD8, CD11b, and amino acids
were assayed before and after the administration of the drug in the nutrient-mixture-supple-
mented group, and two times with 1 to 6 month intervals in the control group. In the nutrient-
mixture-supplemented group (n = 10), increasing NK cell activity, expressed as the ratio of
values of post-treatment to that of baseline (ratio > 1.25) was detected in 7 (70%) patients,
whereas in the control group (n = 13), it was detected in only 1 (7.7 %) (p < 0.01). While in
the affected group (NK cell activity ratio > 1.25, n = 7), all patients had compensated liver
cirrhosis, in the unaffected group (NK cell activity ratio < 1.25, n =3), 2 of 3 patients had
decompensated liver cirrhosis (p < 0.02). Laboratory data, indicating severity of liver cirrhosis,
such as total bilirubin and albumin, showed better values (p <0.01, p < 0.05 respectively),
and baseline NK cell activity was low (8.7 £ 7.2 % vs 33.3 £ 13.0 %, p < 0.05) in the affected
group than unaffected group. NK cell subpopulations such as CD16 (%), CD11b (%) and one
of the populations of T cell such as CD8 (%) showed no significant change throughout the
study. As for amino acids analysis, Fischer’s ratio was increased in the nutrient-mixture-supple-
mented group compared to the control group (p < 0.05), but none of the amino acids showed
significant change. Thus the changes in NK cell activity were not explained by increase in NK
cell subpopulations nor changes of amino acids. These results suggest that the branched-chain
amino acid-enriched nutrient mixture increases NK cell activity moderately in patients who
have compensated liver cirrhosis and shows lower values of baseline NK cell activity.

Zusammenfassung

Wirkungen einer mit verzweigtkettigen Aminosduren angereicherten Néihrmittelmischung

auf die Zellaktivitit natiirlicher Killerzellen bei viraler Zirrhose

Bei 18 Patienten mit viraler Leberzirrhose wurde eine kontrollierte Studie durchgefiihrt, um
zu untersuchen, ob die Immunfunktionen, wie durch die Aktivitit der Killerzellen (natural
killer cell = NK) angedeutet wird, durch die mit verzweigtkettigen Aminosiuren angereicherte
Nihrmittelmischung (Ndhrmittelmischung) Aminoleban EN verbessert wird. Fiinf Patienten
erhielten die Nahrmittelmischung (100 g/Tag) nach jeweils entsprechenden Kontrollperioden
(100 g/Tag) iiber einen Zeitraum von 2 bis 6 Wochen. Fiinf weitere Patienten erhielten die
Niahrmittelmischung fiir 2 bis 4 Wochen, wihrend die restlichen Patienten keine Nihrmittel-
mischung erhielten. Die NK-Aktivitit, CD16, CD8, CD11b sowie Aminosduren wurden vor
der Behandlung in der mit der Nahrmittelmischung versorgten Gruppe und in der Kontroll-



gruppe zweimal in Intervallen von 1 bis 6 Monaten untersucht. In der mit der Nahrmittelmi-
schung versorgten Gruppe (n = 10) stieg die NK-Aktivitit an, was sich in dem bei 7 Patienten
(70 %) beobachteten erhéhten Verhiltnis der posttherapeutischen Werte zu den Grundwerten
(Verhiltnis > [,25) ausdriickte, wihrend in der Kontrollgruppe (n = 13) ein solcher Anstieg
nur bei einem Patienten (7.7 %) (p < 0,01) beobachtet wurde. Withrend bei allen Patienten in
der Behandlungsgruppe (NK-Aktivitit > 1,25, n=7) eine Kompensation fiir die Leberzir-
rhose beobachtet wurde, fand sich in der Kontrollgruppe (NK Aktivitdt < 1,25, n = 3) bei 2
von 3 Patienten eine Dekompensation der Leberzirrhose (p < 0,02). In der Behandlungsgruppe
fanden sich bessere Werte (jeweils p < 0,01, p < 0,05) fiir die die Schwere der Leberzirrhose
reflektierenden Laborbefunde, wie zum Beispiel Gesamtbilirubin und Albumin-Konzentratio-
nen, und eine geringere Grundaktivitit der Killerzellen (8,7 % = 7,2 % vs. 33,3 % £ 13,0 %) als
in der Kontrollgruppe. Wihrend der Untersuchung fanden sich jedoch keine signifikanten
Unterschiede zwischen den Untergruppen der NK-Zellen, wie zum Beispiel CD16 (74), CD11b
(%6), und eine der T-Zellpopulationen, nidmlich der CD8 (%). Die Analyse der Aminosiuren
zeigte, dal} das Fischersche Verhéltnis in der mit der Nahrmittelmischung versorgten Gruppe
im Vergleich zur Kontrollgruppe (p < 0,005) erhoht war, withrend diese Verinderung aller-
dings fiir keine der Aminoséduren signifikant war. Daher konnen diese Verdnderungen in der
NK-Zellaktivitit nicht durch die Untergruppen der NK-Zellen erklirt werden. Diese Ergeb-
nisse deuten darauf hin, daB die mit verzweigtkettigen Aminosiuren angereicherte Nihrmittel-
mischung bei Patienten mit kompensierter Leberzirrhose und verminderten Grundwerten fir
die Aktivitit der NK-Zellen diese Aktivitdt in maBigem Ausmal steigerte.
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1. Introduction

An abnormal profile of plasma amino acids, low
levels of branched-chain amino acids, high levels
of aromatic amino acids, and high levels of trypto-
phan and methionine have been reported in ad-
vanced cirrhosis of the liver [1]. For cases of liver
cirrhosis with chronic encephalopathy, branched-
chain amino acids-enriched nutrient mixtures are
specially prepared nutritional products that help to
prevent hepatic encephalopathy and provide nutri-
tional improvement with few adverse reactions [2,
3. 4].

In Japan, 76 % of the cases of hepatocellular car-
cinoma (HCC) are associated with cirrhosis [5],
consequently, patients with viral cirrhosis are con-
sidered to be at high risk for HCC. It has yet to be
proven whether the branched-chain amino acids-
enriched nutrient mixture (nutrient-mixture), Ami-
noleban ENV, increases or decreases the incidence
of HCC in liver cirrhosis. Because methionine,
tyrosine, and phenylalanine concentrations are
higher in HCC than they are in cirrhotic or normal
livers [6], it seems reasonable to expect that a diet
deficient in these amino acids may help to prevent
HCC. The nutrient-mixture contains increased
amounts of branched-chain amino acids, reduced
amounts of aromatic amino acids, gelatin hydroly-
sate, casein, carbohydrate, lipid, glycyrrhizin, and
other components. Although the inhibition of liver
carcinogenesis by the nutrient-mixture has been
observed in an animal experiment [7], there is little
previous data on the use of branched-chain amino
acids-enriched nutrient mixtures to prevent the
emergence of HCC in cirrhosis patients.

D Manufacturer: Otsuka Pharmaceutical Co. Ltd.,
Tokyo (Japan).
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As the reduced immune function in liver cirrhosis
is a serious risk factor for HCC emergence [8. 9],
the normalization of immune function may be use-
ful in preventing the emergence of HCC in viral
cirrhosis. A controlled study was performed in
viral cirrhosis to evaluate whether immune func-
tion, as indicated by NK cell activity, is improved
by the nutrient-mixture. To the best of our know-
ledge, the immunomodulating effects of branched-
chain amino acids-enriched nutrient mixtures have
not been previously described in English language
reports.

2. Materials and methods
2.1. Subjects

18 viral cirrhosis patients (7 males and 11 females, aged
49 to 79 yr, mean = 64.7 yr) and 5 healthy volunteers (3
males and 2 females, aged 24 to 38 yr, mean = 29.8 yr)
were used as the subjects of this study. The diagnosis of
liver cirrhosis was made by peritoneoscopy and needle
biopsy or on the basis of clinical symptoms and signs
accompanied by positive findings in imaging studies
(CT, liver scintigraphy and sonography). Three patients
were positive for hepatitis B surface antigen (HBsAg),
and 15 patients were positive for hepatitis C virus-anti-
body (third generation) assayed by radioimmunoassay.
None had a drinking history. 16 patients had compen-
sated liver cirrhosis (Child A), and 2 patients had dec-
ompensated liver cirrhosis (Child C). On the basis of
abdominal angiography or MRI, 4 patients had hepato-
cellular carcinoma (HCC). The size of the HCC in the
four patients was 3.8 x 3.5cm, 3.3 x 2.6 cmand 1.6 x 1.3
cm, 1.2 x 1.0 cm, respectively. Treatment of HCC was
not conducted at the time of this study. None of the
patients and healthy volunteers had a common cold or
other infections at the time of this study. Informed con-
sent was obtained from all the patients and the study
protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki.
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Fig. 1: Schedule of nutrient-mixture-supplemented diet in viral
cirrhosis. (): Patient numbers. T: Immunological studies and
amino acid analyses were performed. *: 5 patients out of 13
controls entered the nutrient-mixture-supplemented group after
3 to 6 month control periods.

2.2. Composition of the nutrient-mixture and schedule
of study

The composition of Aminoleban EN, a soft-powder nu-
trient-mixture (Otsuka Pharmaceutical Co., Ltd., To-
kyo), is shown in Table 1. In 100 g, the nutrient-mixture
contains 13.0 g of free amino acids, 13.0 g of gelatin
hydrolysate, 1.0 g of casein, 62.1 g of carbohydrate, 7.0
g of lipid, glycyrrhizin, and other components. The
schedule of study is shown in Fig. 1. Five patients re-
ceived the nutrient-mixture (100 g/day) for 2 to 6 weeks
preceded by control periods. Five additional patients re-
ceived the nutrient-mixture for 2 to 4 weeks, and the
remaining 8 patients did not receive the nutrient-mix-
ture. Diet was not restricted except for being supple-
mented with the nutrient-mixture.

NK cell activity, CD16, CD8, CD11b, and amino acids
were assayed before and after the administration of the
drug in the nutrient-mixture-supplemented group (n =
10), and two times with 1 to 6 month intervals in the
control group (n = 13). Blood samples were taken early
in the morning before breakfast. Clinical features and
laboratory data of the nutrient-mixture-supplemented
group and control group are shown in Table 2. Although
cases of decompensated liver cirrhosis are not included
in the control group, there are no significant differences
between both groups.

To examine to what extent NK cell activity fluctuates
day-to-day, the activity was assayed 5 times at one week
intervals in 5 healthy volunteers. NK cell activity in each
volunteer was 62.6 + 5.6 %, 51.0 £ 12.1 %, 39.5 + 2.1 %,
29.7 £7.0%, 14.3 £ 3.3 % (mean value + standard devi-
ation). respectively, and the coefficient of variation
ranged between 5.4 % and 24.3 %. Thus we regard val-
ues of NK cell activity, expressed as the ratio of values
of post-treatment to that of baseline, over 1.25 as in-
creasing, under 0.75 as decreasing, and between 0.75 and
1.25 as unchanged.

2.3. Preparation of peripheral lymphocytes

Peripheral blood mononuclear cells (PBMCs) were sepa-
rated from heparinized venous blood by Ficoll-Paque
(Pharmacia, Uppsala, Sweden) gradient centrifugation.
After PBMCs were collected from the interface and
washed 3 times in RPMI 1640 medium (GIBCO Labora-
tories, New York, USA), the concentration of PBMCs
was adjusted to 1 x 109ml with 10 % fetal calf serum
(FCS) (GIBCO) in RPMI 1640.

2.4, Preparation of target cells

The K562 cell line, an erythroblastic cell line derived
from human chronic myelogenous leukemia, was used as
the target and the cells were cultured in RPMI 1640 with
10 % FCS. Before use, the cells were incubated with Na,

Table 1: Nutrient and amino acid composition of the nutrient-
mixture (/100 g).

Proteins (g) Vitamins
Amino acids 13,0 A 932 g
Gelatin 13.0 gl 85?9 mg
Casein 1.0 2 - mg
Carbohydrates (g) g“ [1)'403 n‘;gg
‘[?exlrin 62.1 12 12.2 tlng
Lipids (g) D, 932 11U
Rice oil 7.0 E 169 mg
A K 0.011 mg
A“&g}ﬁlsmds ® 357 Pantothenié acid 2.18 mg
Leucine 4.50 Niacin 53‘03 mg
: ! Biotin HE
Isoleucine 4.08 bt
T Folic acid 0.1 mg
Fuemylalanine 022 | Choline 101 mg
N{ethionine 0.12 | Electrolytes and others
Tryptophan 0.16 Ea 3233 mg
Arginine 1.76 Ca 116.6 $g
Threonine 0.58 M 40.4 mg
Alanine 1.50 C]g 43?9 mg
Fim: , g
Histidine 0.54 P 1675 mg
Proline 1.96 | Fe 263 mg
Serine 0471 7p 1.71 mg
Lysine 1.19] cu 262 ug
Asparticacid  0.89 | | 19.1  pg
Glutamic acid  1.69 |  Mn 0.37 mg
Glycine 347 | Glycyrrhizin 261 mg
Fischer’s ratio  38.2 | Energy 420 kceal

Table 2: Comparison of clinical features and laboratory data®
between the nutrient-mixture-supplemented group (n = 10) and
control group (n = 13).

Nutrient-
mixture-
supplemented Comf‘;‘ Ig()r;)up
group
(n = 10)
Age 67.6 £ 9.7 648 £ 7.7
Men/women 4/6 5/8
Type cirrhosis
HCV positive 9 (90 %) 11 (84.6 %)
HBYV positive 1 (10%) 2 (15.4%)
Childs™ classification
A 8 (80 %) 13 (100 %)
B 0 0
C 2 (20%) 0
Hepatocellular carcinoma 3 (30%) 2 (154%)
Other medication (glycyrrhizin) | 3 (30 %) 7 (53.8%)
Total bilirubin (mg/dl) 1.62+ 1.23 1.0 + 0.57
Albumin (g/dl) 409+ 045 4.16+ 041
GOT (1Z) 77.8 +60.4 87.8 £77.3
GPT (1U/N) 643 £43.5 | 73.8 +£67.6
CHo.E (ApH) 073+ 0.19] 06 £ 0.2
NH; (ng/dl) 712 £35.6 | 61.7 +28.2
RBC (x 10%mm?) 4327 +57.8 |4143 +499
Platelet (x 10%/mm?) 8.6 + 4.1 9.6 + 4.1
NK cell activity (%) 18.5 +158 | 338 +£22.0
CD16 (%) 141 = 94 159 £ 6.9
CD8 (%) 239 + 78 | 258 + 4.6
CDI11b (%) 19.1 +£10.5 | 13.0 = 7.5
Fischer’s ratio® 1.73+ 0.65| 1.86% 0.56
Valine (mmol/ml) 186.4 +35.1 [191.7 +41.1
Methionine (mmol/ml) 46.9 +229 | 426 +12.7
Isoleucine (mmol/ml) 539 +104 | 537 t14.6
Leucine (mmol/ml) 1009 +£21.8 | 99.8 +£24.9
Tyrosine (mmol/ml) 123.6 +38.6 |117.4 +31.7
Phenylalanine (mmol/ml) 89.8 +£295 | 76.8 +15.6
Arginine (mmol/ml) 926 +308 | 969 +£26.3

4 Data are shown as the mean + standard deviation. )
) Fischer’s ratio: (valine + leucine + isoleucine)/phenylalanine
+ tyrosine) molar ratio.




S1CrO; (Amersham, Buckinghamshire, England; 100
nCi for 1 x 107 cells) in a water bath at 37 °C for 1 h.
After being washed 3 times in RPMI 1640, the K562
cells were adjusted to 1 x 10%/ml.

2.5, Assay of NK cell activity

The NK cell activity was measured by a 4-h chromium
release assay. 200 pl of PBMCs and 10 pl of K562 cells
were added to plastic microplates (Falcon, Oxnard, CA,
USA) and then cultured in 5% CO, at 37 °C for 4 h.
The effector-target cell (E/T) ratio was 20 : 1. The max-
imal release (MR) was estimated by culturing the K562
cells in 2% Triton X-100 (E. Merck, Darmstadt, Ger-
many), and the spontaneous release (SR) was measured
by culturing the K562 cells without PBMCs. All assays
were performed in triplicate. After being incubated for
3.5 h, the microplates were centrifuged at 800 rpm for 5
min. 100 pl of supernatant was then removed and as-
sayed using a gamma counter. The experimental release
(ER) was calculated as the mean of the triplicate cul-
tures. NK cell activity was expressed as ER-SR/MR-SR
x 100 %.

2.6. Assay of subpopulations

The following monoclonal antibodies were used for as-
say of subpopulations: CD16, directed against the im-
munoglobulin Fc receptor, which is expressed on NK
cells and neutrophils; CD8, directed against the MHC-
class | receptor, which is expressed on cytotoxic T cells
and NK cells; CD11b, directed against Mac-1, which is
expressed on monocytes, neutrophils and NK cells.
CD16, CD8 and CDI1lb were from Becton Dickinson
(San Jose, Ca). Subpopulations of mononuclear cells
after immunofluorescence staining were analyzed and
separated with a FACS 440 (Becton Dickinson).

2.7. Assays of amino acids

Plasma amino acid concentrations were determined us-
ing a Hitachi amino acid analyzer (Type 833, Tokyo).

2.8. Statistical analysis
Statistical significance was determined by paired t-test.

3. Results

Changes of immune functions and amino acids
analysis, expressed as the ratio of values of post-
treatment to that of baseline, were compared be-
tween the nutrient-mixture-supplemented group
and control group (Table 3). Increasing NK cell
activity ratio (ratio > 1.25) was detected in more
patients of the nutrient-mixture-supplemented
group (7 of 10 patients, 70 %) than the control
group (1 of 13 patients, 7.7 %) (p < 0.01). The nu-
trient-mixture-supplemented group can be divided
in two, namely, those whose NK cell activity ratio
was more than 1.25 (n = 7), the affected group, and
those whose NK cell activity ratio was under 1.25
(n = 3), the unaffected group. Clinical features and
laboratory data were compared between these two
subgroups (Table 4). Although in the affected
group, all 7 patients had compensated liver cirrho-
sis (Child A), 2 of 3 unaffected patients had de-
compensated liver cirrhosis (Child C) (p < 0.02).

Laboratory data, indicating severity of liver cirrho-
sis, such as total bilirubin and albumin, showed
better values (1.0 +0.28 mg/dl vs 3.07 + 1.44 mg/
dL p <0.01, 4.29 +0.39 g/dl vs 3.63 +0.06 g/dl, p
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< 0.05, respectively), and baseline NK cell activity
showed lower values (8.7 + 7.2 % vs 33.3 +13.0 %,
p <0.05) in the affected group than in unaffected
group. To ensure that the nutrient-mixture in-
creases NK cell activity in liver cirrhosis when
baseline NK cell activity is low, we compared in-
creasing NK cell activity ratios between patients of
the nutrient-mixture-supplemented group and
those of the control group whose baseline NK cell
activity was lower than 29 % (Table 5). Increasing
NK cell activity was detected in more patients of
the nutrient-mixture-supplemented group (6 of 7
patients, 85.7%) than control group (1 of 6
patients, 16.7 %) (p < 0.02). There were no signifi-
cant differences of clinical features and laboratory
data between patients whose baseline NK cell ac-
tivity was lower than 29 % and in those whose
baseline NK cell activity was higher than 30 % in
the present study (data not shown). These results
suggest that the nutrient-mixture increases NK cell
activity moderately in patients who have compen-
sated liver cirrhosis and shows lower values of
baseline NK cell activity.

To investigate the mechanism of the increase in
NK cell activity induced by the administration of
the nutrient mixture, the NK cell subpopulations,
CD16 (%) and CDI11b (%), and one of the popula-

Table 3: Effects of the nutrient-mixture on immune functions
and amino acids in liver cirrhosis.

MNutrient-
Changes of immune mixture-
functions and amino acid | supplemented Co?trgl %OUP
analysis®! group n=13)
(n = 10)

NK cell activity ratio 3.44 +4.86 1.12 £ 0.58
1.25 < 7 (70 %)* 1 (7.7%)*
0.75 ~ 1.25 2 (20%) 11 (84.6"%)
0.75 > I (10%) 1 (7.7%)

CD16 ratio 283+4.34 1.034£0.5
1.25< 6 (60 %) 3 (23.1 %)
0.75 ~ 1.25 2 (20 %) 8 (61.5 %)
0.75> 2 (20 %) 2 (15.4 %)

CDS8 ratio 1.06 £ 0.34 1.03 +£0.5
1.25< 2 (20 %) 1 (7.7%)
0.75~1.25 8 (80 %) 11 (84.6 %)
0.75 > 0 1 (7.7%)

CDI11b ratio 1.04 +0.37 1.67+1.12
1.25< 4 (40 %) 6 (46.2%)
0.75~1.25 4 (40 %) 5 (38.5 %)
0.75 > 2 (20 %) 2 (15.4%)

Changes of Fischer’s ratio 115 £0.14%* 1.02 £ 0.11%*

Valine ratio 1.17 £0.15 1.06 +0.15

Methionine ratio 1.06 +£0.21 1.02 £0.26

Isoleucine ratio 1.11 £0.19 1.06 £0.16

Leucine ratio 1.03+0.15 1.10 £ 0.21

Tyrosine ratio 1.00 £ 0.1 1.03+£0.15

Phenylalanine ratio 1.05+0.1 1.02+0.13

Arginine ratio 1.14+0.25 1.05+0.17

* Expressed as ratio of values of post-treatment to that of base-
line values. Values over 1.25 were regarded as increasing. under
0.75 as decreasing, and between 0.75 and 1.25 as unchanging.
Values: mean + standard deviation. * p < 0.01, ** p < 0.05. In-
creasing NK cell activity (ratio > 1.25) was detected in more
patients of the nutrient-mixture-supplemented group (7 of 10
patients, 70 %) than control group (1 of 13 patients, 7.7 %)
(p <0.01). As for amino acids analysis, Fischer’s ratio was in-
creased in the nutrient-mixture-supplemented group compared
to the control group (p < 0.05), but none of the amino acids
showed significant change.




Table 4: Comparison of clinical features and laboratory data®
between the affected group (n = 7) and unaffected group (n = 3).

Affected Unaffected
group group
(n=10) (n=10)
Age (years) 67.7+ 8.5 67.3 +14.6
Men/women 2/5 2/1
Type cirrhosis
HCV positive 7 (100 %) 2 (66.7 %)
HBYV positive 0 1 (33.3%)
Childs’ classification
A 7 (100 %)V 1 (33.3%)Y
B 0 0
C 0 2 (66.7 %)
Hepatocellular carcinoma 1 (14.3%) 2 (66.7 %)
Other medication (glycyrrhizin) 1 (14.3%) 2 (66.7 %)
Total bilirubin (mg/dl) 1.0 + 0.287] 3.07+ 1.44Y
Albumin (g/dl) 429+ 0399 3.63+ 0.06Y
GOT (1u/m) 80.1 £61.2 97.0 +£60.8
GPT (1UN) 57.6 +38.8 80.0 +59.0
Cho.E (ApH) 0.78+ 0.21 0.62+ 0.06
NH; (pgfd]) 60.3 £17.7 96.7 £58.1
RBC (x 10*/mm?¥) 436.6 +64.2 |423.7 £50.2
Platelet (x 10%mm?) 102 + 3.7 50 + 2.8
NK cell activity (%) 120 +£11.09 | 33.7 £16.3Y
CD16 ratio 1.58+ 0.89 578+ 7.99
1.25< 4 (57.1%) 2 (66.7 %)
0.75~ 1.25 1 (14.3%) 1 (33.3%)
0.75 = 2 (28.6%) 0
CD 8 ratio 1.10+ 0.28 0,97+ 0.09
CD11b ratio 1.15+ 0.36 0.81+ 0.31
Fischer’s ratio 1.99+ 0.61 1.14+ 0.19
Changes of Fischer’s ratio 1.17+ 0.16 1.10£ 0.11
Tyrosine ratio 0.98+ 0.1 1.03+ 0.14
Phenylalanine ratio 1.1 £ 0.1 0.97+ 0.07

® Data are shown as the mean + standard deviation. ' p < 0.02,
2p<002, ¥p=<0.05 Although in the affect group, all 7
patients had compensated liver cirrhosis (Child A), 2 of 3 unaf-
fected patients had decompensated liver cirrhosis (Child C)
(p <0.02). Laboratory data, indicating severity of liver cirrho-
sis, such as total bilirubin and albumin, showed better values,
and baseline NK cell activity was lower in the affected than
unaffected group.

tions of T cells, CD8 (%), as well as amino acids
were assayed in the nutrient-mixture-supplemented
group and control group (Table 3). An increase in
CD16 (ratio > 1.25) was detected in more patients
of the nutrient-mixture-supplemented group than
control group (60 % vs 23.1 %, p <0.1), but the

Table 5: Effect of the nutrient-mixture on NK cell activity in
liver cirrhosis whose baseline values of NK cell activity are
lower than 29 % (n = 13).

Nutrient-mixture-
Changes of NK supplemented Control group
cell activity™ group (n=16)
(n=7)

NK cell activity ratio 4.41+5.63 1.24 £0.2]
1.25< 6 (85.7 %) 1 (16.7 %)*
0.75 ~ 1.25 0 4 (66.7 %)
0.65> 1 (14.3 %) 1 (16.7 %)

“) Expressed as ratio of values of post-treatment to that of base-
line values. Values over 1.25 were regarded as increasing, under
0.75 as decreasing, and between 0.75 and 1.25 as unchanging.
Values: mean + standard deviation. * p < 0.02. Increasing NK
cell activity was detected in more patients of the nutrient-mix-
ture-supplemented group (n = 7) than control group (n = 6)
(p < 0.02).

difference was not significant. CD8 and CDI11b
showed no significant changes in either group. As
for amino acids analysis, changes of Fischer’s ratio
were more marked in the nutrient-mixture-supple-
mented group than control group (1.15 £0.14 vs
1.02 £0.11, p <0.05), but the differences between
the groups were not significant for any amino
acids. Thus the changes in NK cell activity were
not explained by the increase in NK cell subpopul-
ations nor changes of amino acids.

4, Discussions

The NK cell system is considered to have a role in
the immunosurveillance network against carcino-
genesis [10]. As NK cell activity is decreased in
HCC compared with liver cirrhosis and normal
controls [9, 11], increasing this activity may be of
some benefit for patients who are suffering from
HCC or who are at high risk of developing HCC.
The results of the present study suggest that the
nutrient-mixture increases NK cell activity in
patients who have compensated liver cirrhosis and
show relatively low values of baseline NK cell ac-
tivity (Table 3, 4, 5). Norris et al. [12] reported that
the consumption of a tyrosine- and phenylalanine-
free diet supplemented with low-protein foods in-
creased the NK cell activity in 6 of 9 healthy hu-
mans, although the mechanism of the increase is
not known. This diet decreased fasting plasma
tyrosine by up to 22 % without affecting plasma
phenylalanine. They suspected that, in addition to
the changes in amino acids, the changes in the in-
take of other nutrients (fat, copper, iron, vitamin
E, and selenium) during the consumption of the
formula diet could have contributed to the changes
seen in immune function. As the nutrient-mixture
contains increased amounts of branched-chain
amino acids and reduced amounts of aromatic
amino acids, changes of Fischer’s ratio were more
marked in the nutrient-mixture-supplemented
group than control group (Table 3). However, in
the present study, none of the amino acids showed
significant changes after the administrations of nu-
trient-mixture. Reduced amounts of tyrosine and
phenylalanine in the nutrient-mixture did not seem
to play a role in increasing NK cell activity. Gelatin
hydrolysate, which is one of the components of the
nutrient-mixture and is made of collagens of bo-
vine bone, seemed to play some role in increasing
NK cell activity. It is reported that peptides derived
from extracellular proteins, such as fibronectin,
collagen and so on, increase both NK cell activity
and NK cell subpopulations [13]. Although gly-
cyrrhizin has been reported to have no effect on
NK cell activity [14], it has also been reported to
be an interferon-inducer [15] and immunopotenti-
ator [16]. It is reported that glycyrrhizin increase
NK cell activity in mice [17]. As the nutrient-mix-
ture contains glycyrrhizin, 261 mg per 100 g, the
role of glycyrrhizin in NK cell activity in the pre-
sent study seemed important. Casein stimulates the
phagocytic activity of macrophages and might be
capable of playing a role in the proliferation and
maturation of NK cells and T cells [18]. However



the nutrient-mixture contains a reduced amount of
casein, 1.0 g per 100 g, thus the role of casein in
NK cell activity in the present study seemed to be
minimal. It has been reported that NK cell activity
and lymphokine-activated killer activity were sig-
nificantly higher when total parenteral nutrition
contained half the fat of medium-chain triglycer-
ides and half the amount of long-chain triglycer-
ides in cancer patients [19]. As rice oil in the nutri-
ent-mixture contains long-chain triglycerides only,
the role of rice oil in NK cell activity in the present
study seemed to be negligible. In the present study,
although the reason why the nutrient-mixture has
an increasing effect on NK cell activity in liver cir-
rhosis is unclear, gelatin hydrolysate, glycyrrhizin,
casein, and other components of the nutrient-mix-
ture which have not yet been reported to be immu-
nopotentiators, could have contributed to the in-
crease of NK cell activity.

As the results of our study suggested an increasing
effect of the nutrient-mixture on NK cell activity
in compensated liver cirrhosis but not in decom-
pensated liver cirrhosis (Table 4), the immunomod-
ulating effect of the nutrient-mixture in compen-
sated liver cirrhosis and decompensated liver cir-
rhosis seemed to differ. It has been reported that,
in in vitro experiments, the enhancement of NK
cell activity by interferon decreased with the ad-
vance of liver diseases, and the reason given for
this was the increased number of defective NK
cells in advanced liver diseases [11]. It is supposed
that the increasing effect of the nutrient-mixture
on NK cell activity is not strong enough to in-
crease NK cell activity in severely damaged liver
cirrhosis.

As the results of our study also suggested an in-
creasing effect of the nutrient-mixture on NK cell
activity in patients with liver cirrhosis who show
lower values of baseline NK cell activity (Table 4
and 5), the immunomodulating effect of the nutri-
ent-mixture in those who show lower and higher
values of baseline NK cell activity seemed to differ.
It is reported that NK cell activity in liver cirrhosis
decreases in relation to the severity of liver damage
[11] and complication of hepatocellular carcinoma
[9]. However, in the present study, there were no
significant differences of clinical features and labo-
ratory data between patients whose baseline NK
cell activity was lower than 29 % and those whose
activity was higher than 30 %. When the relative
NK cell activity was measured at various effector-
target cell (E:T) ratios, a plateau of maximum NK
cell activity for each person was achieved at the
higher E:T ratios [20]. This suggested an enhance-
ment of NK cell activity by an immunopotentiator
decrease at higher values of baseline NK cell activ-
ity. It is also reported that mild immunopotentia-
tors, such as levamisole, improved the killing of
lymphocytes from patients with hepatocellular car-
cinoma whose baseline NK cell activity was low,
but did not produce a significant increase in nor-
mal NK cytotoxicity [21]. So it is supposed that
the increasing effect of the nutrient-mixture is
moderate.

Whatever the components of the nutrient-mixture
responsible for increasing NK cell activity are, the

changes in NK cell activity were not explained by
increases in NK cell subpopulations but rather by
the activation of each NK cell function. Analysis
of the surface markers of NK cells, such as CD16
(“0), CD11b (%) and one of the populations of T
cell such as CD8 (%) showed no significant change
throughout the study (Table 3). As for amino acids
analysis, the value of Fischer’s ratio was greater in
the nutrient-mixture-supplemented group than the
control group (p < 0.05), but there was no signifi-
cant change for each amino acid.

In conclusion, our findings demonstrated for the
first time the augmenting effect of the branched-
chain amino acid-enriched nutrient mixture on NK
cell activity in patients who have compensated liver
cirrhosis and show lower values of baseline NK
cell activity. Further studies are needed to deter-
mine whether the long-term administration of this
nutrient mixture can also increase NK cell activity
and be of benefit in decreasing the incidence of
HCC in viral cirrhosis, and identify the exact com-
ponents of the nutrient-mixture which increase NK
cell activity and the mechanism behind this action.
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