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An imbalance of plasma amino acids is observed in patients with advanced cirrhosis. The aim
of this study was to investigate the influence of the extracellular amino acid imbalance on the
function of myeloid dendritic cells (DCs) in patients with advanced cirrhosis. We made a
serum-free culture medium consistent with the average concentration of plasma amino acids
from healthy controls (HC, n = 25) or patients with advanced cirrhosis (LC, n = 43) to
reflect more closely the actual environment of the living body. We compared the phenotyp-
ical and biological functions of blood dendritic cells antigen-positive dendritic cells
(BDCA+ DCs) and monocyte-derived dendritic cells (MoDCs) from LC and HC with these
media. After adding stimulants, the CD83 and CD86 expressions of DCs from LC were
lower than those from HC. In both HC and LC, both CD83 and CD86 expressions of DCs
stimulated under the cirrhotic medium were lower than under the control medium. This
phenomenon was accompanied by a suppression of the mammalian target of rapamycin
(mTOR)/S6K-signaling pathways. The interleukin 12 (IL-12) production in the cirrhotic
medium was significantly lower than in the control medium and increased when valine or
leucine was added to the medium. In patients with advanced cirrhosis, peripheral blood
mononuclear cells stimulated in the autologous plasma after oral administration of
branched-chain amino acid (BCAA) granules had significantly increased interferon gamma
production. Conclusion: In advanced cirrhosis, there is impairment of the function and
maturation of DCs, which has been shown to be related to an imbalance in the extracellular
amino acid profile. Elevating the extracellular concentration of BCAAs ex vivo in patients
with advanced cirrhosis improved the function of DCs. (HEPATOLOGY 2009;50:1936-1945.)

irrhosis makes it increasingly difficult for the liver
to carry out its essential functions, such as detox-
ifying harmful substances and manufacturing vi-
tal nutrients. Cirrthosis progresses to decompensated
cirthosis and ultimately liver failure because of a lack of
suitable treatment. Not only hepatocellular carcinoma
but also nosocomical infections, such as spontaneous bac-

terial peritonitis (SBP) or pneumonia, are frequent clini-
cal complications in these immune-compromised
patients.! In patients with advanced cirrhosis, various
metabolic disorders involving glucose, protein-amino ac-
ids, lipids, vitamins, and minerals might appear. Further-
more, an imbalance of plasma amino acids, with
decreased levels of branched-chain amino acids (BCAAs)
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and increased levels of aromatic amino acids (AAAs), is
commonly seen in patients with advanced cirrhosis.? In
clinical situations, long-term nutritional supplementa-
tion with oral BCAA has been shown to be useful to
prevent progressive hepatic failure and to improve surro-
gate markers and the perceived health status.>4 Moreover,
the oral administration of BCAA granules was reported to
inhibit hepatic carcinogenesis in patients with compen-
sated cirrhosis.>¢ ‘

On the one hand, it has become clear that amino acids
are not only important as substrates for various metabolic
pathways but also activate a nutrient-sensitive signaling
pathway in synergy with insulin.”-1° The mammalian tar-
get of rapamycin (mTOR) signaling pathway is one of the
most representative pathways, and this pathway has been
shown to act as a major effector of cell growth and prolif-
eration by way of the regulation of protein synthesis.”-
The phosphorylation of downstream effectors of mTOR
is inhibited by rapamycin and activated by BCAA, espe-
cially by leucine,!-13 although little is known about the
impact of changes in the extracellular amino acid levels on
the immune system.4 Recently, we have shown that ex-
tracellular BCAAs, especially valine, regulate the matura-
tion and function of monocyte-derived dendritic cells
(MoDCs).!5 Dendritic cells (DCs) are professional anti-
gen-presenting cells (APCs) that stimulate innate and
adaptive immune reactions by priming other types of
blood cells. Typically, immature DCs migrate to lym-
phoid tissues and present antigenic peptides to naive T
cells.16 The mature DCs, which characteristically express
CD83,!7 can rapidly activate other innate immune cells
including natural killer (NK) cells and natural killer T
(NKT) cells through the production of immunomodula-
tory cytokines such as interleukin (IL)-10 and IL-12. Sev-
eral studies have reported that the immunological
abnormalities occurring in citrhosis,'®1? such as a de-
pressed reticuloendothelial system, neutrophil dysfunc-
tion, reduced serum complement, and low bactericidal
function, account for the increased susceptibility of pa-
tients with cirrhosis to bacterial seeding and diffusion,
and for the impaired functions of DCs in patients with
liver cirrhosis.’32021 However, it is not clear why the re-
sponses of immune cells, particularly DCs, are suppressed
in patients with cirrhosis.

Roswell Park Memorial Institute medium 1640
(RPMI 1640) with human or bovine serum is typically
used to culture peripheral blood mononuclear cells (PB-
MCs) or DCs and examine the function. The concentra-
tions of almost all the amino acids in RPMI 1640 are
higher than those typically found in the plasma of healthy
adult humans. Accordingly, there are large differences be-
tween the amino acids of living bodies and those of cul-
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ture systems. The concentration of amino acids except
BCAAs in the medium used in our previous study was
higher than that of plasma 7n vive.!> Furthermore, various
types of amino acid imbalance actually appear in the
plasma of patients with advanced cirrhosis. The aim of the
study, therefore, was to investigate the influence of the
extracellular amino acid imbalance observed in patients
with advanced cirrhosis on the function of DCs using a
serum-free culture medium consistent with the average
concentration of plasma amino acids from healthy volun-
teers (healthy control media, HCM) or patients with ad-
vanced cirrhosis (advanced cirrhotic media, ACM) to
reflect more closely the actual environment of the living
body. Furthermore, we investigated whether oral admin-
istration of BCAA granules could enhance the responses
of immune cells in patients with advanced cirrhosis.

Patients and Methods

Serum-Free Culture Media. The concentrations of
the plasma amino acids from fasting healthy volunteers
(n = 25), chronic hepatitis (n = 14), and patients with
cirrhosis (n = 60) were measured by high-performance
liquid chromatography (HPLC) in the early morning
(Table 1). Briefly, sulfosalicylic acid was added to plasma
to a final concentration of 5%. The samples were then
placed on ice for 15 minutes followed by centrifugation to
remove precipitated proteins. The extracts were then an-
alyzed for the amino acid content with a JLC-500/V (Ja-
pan Electron Optics Laboratories, Tokyo, Japan). Also,
these patients with cirrhosis were classified according to
the Child-Pugh classification. We defined as Child-Pugh
grade B or C the patients with advanced cirrhosis (n = 43:
hepatitis ¢ virus [HCV] n = 22; primary biliary cirrhosis
[PBC] n = 5; alcoholic n = 3; nonalcoholic steatohepa-
titis [NASH] n = 3; hepatitis b virus [HBV] n = 2;
primary sclerosing cholangitis [PSC] n = 2; HCV+HBV
n = 1; autoimmune hepatitis [ATH] n = 1; Wilson’s
disease n = 1; Budd-Chiari syndrome n = 1; cryptogenic
n = 2). A serum-free culture medium consistent with the
average concentration of plasma amino acids from
healthy volunteers was defined as the HCM; whereas that
from patients with advanced cirrhosis was defined as the
ACM (Table 2). Other components except amino acids
were identical among media. We verified that there was
no difference between the theoretical value and actual
value in HCM and ACM. We cultured PBMCs under the
two media with stimulant for 48 hours and measured the
amino acid concentrations of these media. There was no
difference in the concentrations of amino acids before and
after culture in these media. The viability of PBMCs was
determined using Annexin VFITC, with dead cells identi-
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Table 1. Aminogram for the Plasma in Chronic Hepatitis
Patients and Patients with Cirrhosis

HC CH Child A Chiid B Child C

(h=25) (n=14) (n=17) (n=19) {n=24)
Glycine 225 250 205 234 313
Alanine 391 400 311 317 339
Serine 119 135 139 137 169
Threonine 142 139 137 135 165
Cystine 38 54 63 62 73
Methionine 29 31 40 60 68
Glutamine 564 585 616 642 739
Asparagine 51 57 62 58 77*
Glutamic acid 42 70 62 65 47
Aspartic acid 3 3 5 4 3
Valine 249 243 222 195t 164t
Leucine 132 141 120 110 93t
Isoleucine 76 71 63 56 51t
Phenylalanine 63 70 80 89 99*
Tyrosine 65 81 111 112 151*
Tryptophan 62 52 52 43 47
Lysine 183 223 219 199 179
Arginine 78 79 94 93 100
Histidine 83 90 17 81 93
Proline 204 163 142 165 202
Fischer's ratio 3.57 3.01 2.361 1.95¢ 1.27¢

The concentrations of plasma amino acids from fasting healthy volunteers
(n=25), chronic hepatitis (n=14) and patients with cirthosis (n=60) were
measured by HPLC in the early moming after fasting. Also, these patients with
cirrhosis were classified according to the Child-Pugh classification. Amino acid
concentrations are expressed in nmol/mL.

*P < 0.01 increased. tP < 0.01 decreased. Fischers ratio means:
Valine+Leucine+Isoleucine / Tyrosine+Phenylalanine fdecrease *increase P <
0.01 vs. CH (the data were analyzed with ANOVA and Dunnett's post-hoc
procedure).

fied by propidium iodide (PI) staining (Annexin V-FITC

Apoptosis Detection Kit, BioVision, Mountain View,
CA), according to the manufacturer’s instructions. We
confirmed the viability of PBMCs cultured in HCM and
ACM equal to that of complete culture medium (CCM)
and X-VIVO 10 (Cambrex Bio Science Walkersville,
Walkersville, MD). The percentages of living cells were
78.7 £ 0.67,77.7 £2.2,71.7 * 0.67,and 74.7 = 0.33
for HCM, ACM, CCM, and X-VIVO10, respectively.
The culture media, CCM, and other depleted media were
made as described.!>

Patients and Healthy Volunteers. We selected 15
patients with cirrhosis for i vitro or ex vivo studies (Table
3). All of these patients were inpatients. There were no
significant differences on clinical and laboratory findings
in this population compared to the 43 patients with ad-
vanced cirrhosis (Table 1): age 60.4 * 12.8 versus 59.1 *
11.3; aspartate aminotransferase (AST) 78.8 £ 45.4 IU/L
versus 96.3 * 65.0 IU/L; alanine aminotransferase (ALT)
47.6 * 25.2 TU/L versus 54.3 + 36.7 IU/L; total biliru-
bin 4.5 = 5.36 mg/dL versus 3.94 = 3.70 mg/dL; albu-
min 2.80 *= 0.51 g/dL versus 2.85 * 0.55 g/dL;
prothombin time / international normalized ratio (PT-
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INR) 1.54 *+ 0.39 versus 1.37 = 0.29; PLT 939 =
68.7 X 103/uL versus 113.1 £ 54.2 X 103/uL; Child
Pugh score 9.0 * 1.77 versus 8.6 = 2.10; Model for
End-Stage Liver Disease (MELD) score 11.9 & 5.55 ver-
sus 11.2 * 4.23; plasma Fischer’s ratio 1.56 * 0.77 versus
1.65 £ 0.57. The MELD score?? was calculated by an
online worksheet available on the Internet at www.may-
oclinic.org/meld/mayomodel5.html. None of the pa-
tients had clinical or laboratory findings compatible with
bacterial infection when we collected PBMCs from the
patients. Written informed consent was obtained from
each individual and the study protocol was approved by
the Ethics Committee of Tohoku University School of
Medicine (2003-326, 2008-337).

BDCA+ DCs Maturation and MoDCs Generation.
PBMC:s were separated from the peripheral blood of HC
and LC by centrifugation on a density gradient. The
blood dendritic cells antigen-positive dendritic cells
(BDCA+ DCs) and the CD14-positive monocytes were
isolated from PBMCs using magnetic microbeads (Milte-
nyi Biotec, Bergisch Gladbach, Germany). BDCAl+
DCs were cultured at a density of 2.5 X 105 cells/well in
96-well flat-bottom plates (Corning, NY) for 48 hours
with 1,000 U/mL GM-CSF (PreproTech, London, UK),
500 U/mL (hu) IL-4 in each media. At 24 hours culture,

Table 2. Serum-Free Culture Media Used in This Study

{nmol/mL)

ccem HCM ACM
Glycine 400 225 280
L-Alanine 400 391 307
L-Serine 400 119 151
L-Threonine 800 142 138
L-Cystine 2HCH 200 38 67
L-Methionine 200 29 75
L-Glutamine 4000 564 689 -
L-Asparagine 400 51 64
L-Glutamic Acid 400 42 53
L-Aspartic Acid 400 3 4
L-Valine 800 249 175
L-Leucine 800 132 100
L-Isoleucine 800 76 53
L-Phenylalanine 400 63 99
L-Tyrosine 400 65 133
L-Tryptophan 80 62 45
L-lysine-HCI 800 183 184
L-Arginine-HCl 400 78 92
L-Histidine HCI-H20 200 83 85
L-Proline 400 204 176
Fischer's ratio 3.00 3.57 1.42

Complete culture medium (CCM) contains 20 amino acids that are relevant to
the make-up of mammalian proteins. HCM (heaithy control medium): consistent
with the average concentration of plasma amino acids from healthy volunteers
{n=25). ACM (advanced cirrhotic medium): consistent with the average concen-
tration of plasma amino acids from patients with advanced cirhosis (Child-Pugh
grade B or C, n=43). The amino acid concentrations are expressed in nmol/mL,
Fischer's ratio means: Valine+Leucine+1soleucine / Tyrosine +-Phenylalanine.
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Table 3. Characteristics of Study Participants
. Plasma
Patient Age Total PT- Chlld-Pugh MELD Fischer's BCAA
Number Disease Sex {years) AST/ALT Blirubin Albumin INR PLT Classification Score Ratlo Medicatlion
1 LC-C M 71 116/61 0.8 33 1.09 149 A 6 2.49
2 LC-C+HCC M 70 73/46 1.5 2.3 1.15 75 B 6 2.26 -
3 LC-C+HCC F 80 72/55 1.3 2.8 1.19 144 B 9 NA +
4 LC-C M 42 52/38 4.2 1.8 1.79 79 C 16 0.99 +
5 LC-C+HCC F 61 238/98 6.3 29 1.65 76 B 18 2,74 +
6 PBC F 43 2417144 123 2.8 1.32 152 C 18 1.57 -
7 LC-C M 56 71/45 2.2 3.7 1.24 81 B 10 1.90 +
8 Lc-C M 48 1117108 1.6 3.7 1.08 81 A 8 NA -
9 Lc-C F 60 25/5 11.6 3.2 2.05 83 C 15 0.88 +
10 LC-C-+HCC F 69 68/40 1.3 2.8 1.17 132 B 7 1.81 -
11 non B non C F 44 28/18 2.4 2.6 1.54 122 C 8 1.31 +
12 PBC F 62 130/49 6.8 2.0 1.33 120 C 8 1.43 +
13 PBC F 62 83/30 2.3 2.5 1.11 207 B 13 1.29 +
14 Alcoholic M 54 53/24 2.5 3.1 1.60 219 C 14 1.24 +
15 LC-C+HCC M 65 83/53 2.0 3.2 1.29 96 B 12 1.52 +

LC-C, Tiver cirrhosis due to HCV; HCC, hepatocellular carcinoma; PBC, primary biliary cirhosis; NASH, nonalcoholic steatohepatitis; NA, not available; PLT, platelet
counts (x103/ulL); PT-INR, prothrombin time-international normalized ratio; AST/ALT, aspartate aminotransferase / alanine aminotransferase (IU/L); total bilirubin
{mg/dL); albumin (g/dL); Fischer's ratio: Valine+Leucine+Isoleucine / Tyrosine-+Phenylalanine.

DCs were stimulated by 500 ng/mL lipopolysaccharide
(LPS; Escherichia coli 026:B6; Sigma, St. Louis, MO) or
polyinosinic:polycytidylic acid (polyl:C) (30 mg/mL).
Monocytes were cultured at a density of 3.0 X 105 cells/
well with granulocyte-macrophage colony-stimulating
factor (GM-CSF) and IL-4 for 6 days in CCM. On day 6
we changed the medium from CCM to HCM or ACM
with poly(I:C) and the culture was continued for an ad-
ditional 48 hours.

Surface Marker Analysis. DCs were harvested and
labeled with fluorescein isothiocyanate (FITC)- or phy-
coerythrin (PE)-labeled monoclonal antibodies (mAbs)
(antihuman CD14, CD40, CD83, CD86, CD98, HLA-
DR, or the relevant isotype controls; BD PharMingen,
San Diego, CA) according to the manufacturer’s instruc-
tions. Using a FACS Calibur (BD Immunocytometry
Systems, San Diego, CA) flow cytometer, surface marker
expressions were analyzed using the CellQuest (BD Im-
munocytometry Systems) program.

Phagocytosis Assay with Dextran. To evaluate the
endocytosis potential of DCs, 1 mg/mL of FITC-dextran
was supplied to 2.5 X 105 DCs that were then incubated
for 30 minutes at 37°C. As a control, the DCs were given
the same doses of FITC-dextran and stored for 30 min-
utes at 4°C. After the incubation the DCs were washed
and subjected to FACS analysis.

Cytokine Analysis. BDCA1+ DCs were cultured ata
density of 2.5 X 105 cells/well in 96-well flat-bottom
plates for 48 hours with 1,000 U/mL GM-CSF, 500
U/mL (hu) IL-4 in each of the media. At 24 hours, 500
ng/mL LPS or poly(I:C) (30ug/mL) were added. The

supernatants were collected after 48 hours and immedi-

ately IL-12 (p40+p70) and IL-10 were determined by
specific cytokine enzyme-linked immunosorbent assay
(ELISA) kits (Bender MedSystems) according to the
manufacturer’s instructions. For the interferon gamma
(IFN-1) production of PBMCs, PBMCs were cultured at
a density of 2.5 X 105 cells/well in HCM or ACM for 48
hours, and at 5.0 X 105 cells/well in autologous plasma
for 12 hours. IFN-vy was determined by specific cytokine
ELISA kits (Bender MedSystems).

Mixed Lymphocytes Reaction (MLR). BDCA+
DCs were cultured at a density of 1.0 X 105 cells/well in
96-well round-bottom plates (Falcon) containing HCM
or ACM with GM-CSF and IL-4 for 48 hours. At 24
hours culture, immature DCs were induced to mature
using LPS or poly(I:C) for an additional 24 hours. The
allostimulatory capacity of irradiated DCs (3,000 Rad)
was tested in a one-way MLR with normal 2 X 105cells/
well allogeneic CD4+ lymphocytes (isolated from PB-
MCs using magnetic beads) under CCM. Cocultured
cells were maintained for 7 days and the proliferation rate
of the cells was measured using an 3-(4,5-dimethylthia-
z0l-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophe-
nyl)-2H-tetrazolium, inner salt (MTS) Assay (CellTiter
96 aqueous one-solution cell proliferation assay; Pro-
mega, Madison, WI) according to the manufacturer’s in-
structions. On carboxyfluorescein succinimidyl ester
(CFSE) staining, cells were analyzed using a CellTrace
CFSE Cell Proliferation Kit (Molecular Probes, Eugene,
OR). The staining methods followed the manufacturer’s
protocol.

Immunoblotting. DCs were cultured at a density of
3.0 X 105 cells/well in 96-well flat-bottom plates (Corn-
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Table 4. Phenotypic Difference of BDCA1+-DCs Derived from Patients with Cirrhosis and Healthy Volunteers

CD4o CcD83 CD86 HLA-DR
Isolated DC Healthy control (n=4) 5+ 14 6+ 22 14 = 3.1 166 * 52.2
LC patients (n=4) 12 £ 16.1 414 12 £ 34 195 + 79.3
Mature DC Healthy control (n=>5) HCM 131 + 54 240 + 25 201 = 67 910 = 121
ACM 121 = 37 190 + 33* 170 + 53* 783 =90
LC patients (n=>5) HCM 139 + 44 154 * 48% 169 + 37% 691 * 112t
ACM 124 + 47 125 * 45% 122 + 11 625 =+ 160

The MFI are presented for each marker as the mean = SD of healthy controls and patients with cirrhosis (isolated DC: Patients 6, 7, 8, 10 / mature DC: Patients

8, 9, 10, 11, 12).

*Vaiue of P < 0.05 vs. DCs of healthy control cultured under HCM (Wilcoxon t test).
fValue of P < 0.05 vs. DCs of healthy control cultured under HCM (Mann-Whitney U test).
$Value of P < 0.05 vs. DCs of LC patients cultured under HCM (Wilcoxon ¢ test).

ing) containing 200 pl medium supplemented with
GM-CSF and IL-4 for 24 hours and the DCs were stim-
ulated by poly(I1:C) for 1 hour. The DCs were harvested
and lysed using CelLyticTM-M Mammalian Cell Lysis/
Extraction Reagent (Sigma). The lysed cells were centri-
fuged to pellet the cellular debris. Thereafter, these
protein concentrations were determined by a Modified
Lowry Protein Assay Kit (Pierce, Rockford, IL). Equal
amounts of protein were loaded onto sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and electrotransferred to PVDF (Immun-Blot PVDF
Membrane; Bio-Rad, Hercules CA). After washing and
blocking, immunostaining was performed with rabbit
polyclonal primary antibody (PI3K, phospho-PI3K,
mTOR, p70 S6K, phospho-p70 S6K; Cell Signaling
Technology, Beverly, MA), followed by incubation with a
secondary antibody conjugated to horseradish peroxidase
(HRP) (Sigma). Immunoreactive proteins were revealed
with an ECL reagent (ECL advance; Amersham Bio-
sciences, Little Chalfont, UK).

Oral Administration of BCAA to Patients with
Advanced Cirrbosis and Ex Vivo Cytokine Production
Assay. In the early morning we measured the fasting con-
centration of the plasma amino acids before and after oral
administration of BCAA granules (30, 60, 120, 180 min-
utes) from healthy volunteers and patients with advanced
cirthosis. The BCAA granules: LIVACT (Ajinomoto
Pharma, Tokyo, Japan) were composed of a mixture of
valine, 1.144 g, leucine, 1.904 g, and isoleucine, 0.952 g.
The concentrations of the plasma amino acids were mea-
sured by HPLC. We stimulated PBMCs from patients for
12 hours by LPS or poly(I:C) under autologous plasma,
which was collected both before and after oral adminis-
tration. After 12 hours we recovered the plasma and mea-
sured the IFN-vy by ELISA.

Statistical Analysis. The data were analyzed with
analysis of variance (ANOVA) and multiple comparisons
were performed with Dunnett’s post-hoc procedure for
the plasma aminogram. When two groups were analyzed,

the differences between media were analyzed by the Wil-
coxon ¢ test. Frequencies of BDCA1+ DCs were com-
pared between patient groups by the Mann-Whitney U
test. All statistical analyses were performed with standard
statistical software (SPSS 13.0 for Windows, Chicago,
IL).

Results

Amino Acid Concentrations Similar to Those in
Plasma of Patients with Advanced Cirrhosis Impaired
the Maturation of Myeloid DCs from Healthy Con-
trols. First we measured the cytokine production from
PBMCs both under HCM and ACM. The IFN-v pro-
duction of PBMCs stimulated by poly(I:C) under
ACM was significantly impaired (28.1 * 7.3 pg/mL
versus 16.7 * 3.9 pg/mL; P = 0.04). Next, we cultured
the BDCA+ DCs (purity >90%) for 48 hours under
HCM and ACM and evaluated the phenotypes of DCs
by flow cytometry. In ACM, the CD83 and CD86
expression of DCs was significantly impaired compared
to that in HCM (Table 4). The HLA-DR expression
had a tendency to decrease in ACM. This phenomenon
was observed in MoDCs (Supporting Fig. 1). Next,
The IL-12 production of BDCA+ DCs stimulated un-
der ACM was significantly impaired (110.7 * 8.6
pg/mL versus 79.9 % 12.5 pg/mL; P = 0.04), although
the IL-10 production of DCs was not different between
HCM and ACM (31.0 *= 4.0 versus 32.4 = 8.2; P =
0.59). Flow cytometric analysis revealed that the
amount of FITC-dextran taken up by BDCA+ DC
and MoDC did not differ between HCM and ACM
(data not shown). The allostimulatory capacity of
BDCA+ DCs cultured under ACM was significantly
decreased as shown by the MTS assay (1.00 = 0.15
versus 0.82 * 0.13; P = 0.04; absorbance 490 nm),
and this tendency was also confirmed by the CFSE
assay.
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Fig. 1. The frequencies of DCs were significantly lower in the periph-
eral blood from patients with advanced cirthosis compared with those
from HC or early patients with cirrhosis. Percentages of BDCA+ DC in
PBMCs were determined by flow cytometry. Significant differences in the
percentages of DCs were observed between patients with advanced
cirrhosis {Child-Pugh grade B or C: n = 10) and HC (n = 7). There was
no difference between patients with Child-Pugh grade A (n = 7) and HC.
Data are expressed as mean * standard error of the mean (SEM).

Amino Acid Concentrations Similar to Those in
Plasma of Patients with Advanced Cirrhosis Also Im-
paired the Maturation of Myeloid DCs from Patients
with Cirrhosis. We first evaluated the frequency of
BDCA+ DCs between HC and LC (Fig. 1). The fre-
quencies of DCs were significantly lower in the peripheral
blood from patients with advanced cirrhosis compared to
those from HC or patients with early cirrhosis. Second,
we determined the phenotype of BDCA1+ DCs from the
LC before and after adding the stimulants. There was no
difference regarding the mean fluorescence intensity
(MFI) of isolated immature DCs expressing CD40,
CD83, CD86, and HLA-DR between the HC and LC
(Table 4). After adding the stimulants, the expressions of
CD83 and HLA-DR by DCs from the LC were signifi-
cantly decreased compared to those from the HC in both
HCM and ACM (Table 4). The CD83 and CD86 ex-
pression of DCs was significantly impaired in ACM com-
pared to that in HCM (Table 4).

Elevating the Concentration of BCAA Enhanced
the IL-12 Production in BDCA+ DCs. As in the in
vivo study, we confirmed that the plasma concentrations
of BCAASs were significantly decreased and AAAs (except
tryptophan) were increased along with the Child-Pugh
grade (Table 1). Based on these data, to investigate which
amino acid especially influenced the function of
BDCA1+ DCs, we measured the cytokine production of
DCs under HCM, ACM, and ACM supplemented with
800 nmol/mL of a single amino acid: valine, leucine, iso-
leucine, or AAAs. Interestingly, the IL-12 production of
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DCs stimulated under ACM plus valine or leucine was
more increased than that under ACM, although there was
no difference among ACM plus isoleucine, ACM plus
AAAs, and ACM (Fig. 2A). Similar to the cytokine pro-
duction, the allostimulatory capacity of DCs cultured un-
der ACM plus valine or leucine had a tendency to be
increased, as shown by the MTS assay (ACM: 0.71 =
0.07, ACM plus valine: 0.88 * 0.06; ACM plus leucine:
0.83 = 0.03; absorbance 490 nm). Next, we determined
the BDCA1+ DCs phenotype (CD14 and CD83) in
CCM, BCAA-depleted, valine-depleted, leucine-de-
pleted, and isoleucine-depleted media. In CCM, leucine-
depleted and isoleucine-depleted media the DC
phenotypes were similar (the percentages of CD83-posi-
tive cells were 33.7 * 7.2%, 31.5 * 5.4%, and 35.5 *
7.9% for CCM, leucine-depleted, and isoleucine-de-
pleted media, respectively). However, in BCAA-depleted
and valine-depleted media, the CD83 expression of DCs
was significantly impaired compared to that in CCM
(BCAA-depleted media: 19.6 * 3.0% and valine-de-
pleted media 14.6 % 1.8%; P = 0.04 versus CCM). After
we cultured the DCs under depletion of valine for 2 days,
we added valine to the medium and cultured the cells for
an additional 24 hours. Then, the percentage of mature
DCs was higher than that of valine-depleted media. Fur-
thermore, to reflect more closely the actual environment
of the living body, we induced DCs from LC to mature
with either autologous plasma or autologous plasma sup-
plemented with 100 nmol/mL valine for 12 hours. In all
cases the DCs matured in the autologous plasma with
valine had enhanced allostimulatory capacity and IL-12
production (Fig. 2B).

Amino Acid Concentration of Plasma in Patients
with Advanced Cirrbosis Down-regulated the mTOR/
S6K Signaling Pathway of BDCAI+ DCs. We hy-
pothesized that the amino acid imbalance of the plasma in
patients with advanced cirrhosis influence the mTOR/
S6K signaling pathway of DCs and impaired their matu-
ration. Under HCM with rapamycin, the percentage of
CD14-/CD83+ mature DCs was higher than under
HCM without rapamycin (Fig. 3A). BDCA+ DCs ex-
pressed similar levels of total PI3K, phospho-PI3K,
mTOR, p70 S6K, and B-actin among all media. Interest-
ingly, DCs cultured in ACM expressed lower levels of
phospho-p70 SG6K than those cultured in HCM (Fig.
3B). The expression of phospho-p70 S6K by DCs in
ACM was partially recovered by adding 400 nmol/mL
BCAA to the medium during stimulation. Isolated imma-
ture BDCA+ DCs expressed moderate levels of CD98
which modulate the amino acid transport functions and,
after adding the stimulants, mature DC showed the up-
regulation of CD98. There was no difference regarding
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Fig. 2. Elevating the concentration of
BCAAs enhanced the IL-12 production in
BDCA1+ DCs. Isolated BDCA1+ DCs were
cuftured under HCM, ACM, and ACM sup-
plemented with 800 nmol/mL single amino
acid: valine, leucine, isoleucine, or AAAs.
(A) After 48 hours the supernatants were
assayed for cytokine concentrations.
Mean * SEM values from five different do-
nors. (B) We induced BDCA1+ DCs from
LC patients (Patients 1-5) to mature with
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either autologous plasma or autologous
plasma supplemented with 100 nmol/mL
valine for 12 hours. Supernatants were

plasma  plasma+Val piasma plasma+Val

the expression of CD98 between HCM and ACM (data
not shown).

Oral Administration of BCAAs Enhanced the Pro-
duction of IFN-y by PBMCs from Patients with Ad-
vanced Cirrhosis Ex Vivo. Finally, we evaluated whether
BCAAs have an effect on the immune response ex vivo. In
healthy volunteers the concentration BCAAs of plasma was
maximum 30 minutes after oral administration (Fig. 4A).
Fischer’s ratio increased from 4.78 *+ 1.41 (standard devia-
tion [SD]) to 13.39 = 2.41 (SD). On the other hand, in the
patients with advanced cirthosis (Table 3: Patients 10-13),
the concentration BCAAs of plasma was maximum 60 min-
utes after oral administration. Fischer’s ratio increased from
1.37 = 0.98 (SD) to 4.94 * 0.99 (SD). AAAs decreased
slowly during the following 3 hours. We stimulated PBMCs
from the patients with advanced citrhosis (T'able 3: Patients
11-15) using either autologous plasma before and after 60
minutes oral administration. Interestingly, in all cases PB-
MC:s stimulated by LPS in the latter had more IFN-7y pro-
duction than the former (Fig. 4B).

Discussion

In this study we started by making two serum-free
media (HCM and ACM) to be more representative of the
human physiological environment and quantitatively
measured the plasma amino acid profiles. First, we found

measured by ELISA. P < 0.05 (paired Stu-

plasma dent's t test, two-tailed).

plasma+Val

that the amino acid imbalance of plasma in patients with
advanced cirrhosis impaired the production of IFN-vy
from PBMCs. IFN- is a dimerized soluble cytokine that
is the only member of the type II class of interferons.??
IFN-v is secreted by Thl cells, DCs, and NK cells. Al-
though the commitment toward either the Thl or the
Th2 phenotype can be influenced by many signals active
at the moment of naive Th cell priming, the levels of
IL-12p70 (IL-12) produced by APC, especially DCs, are
of major importance.?42> Therefore, we hypothesized
that the impaired production of IFN-y from PBMCs
caused the dysfunction of DCs. Expectedly, the matura-
tion and the IL-12 production of DCs were impaired in
ACM. Furthermore, we confirmed that the allostimula-
tory capacity of DCs stimulated in ACM was impaired by
MTS and CFSE assays. Previous studies have suggested
an increase in IL-10 in cirrhosis and a potential link be-
tween high IL-10 and low HLA-DR expression in relation
to immune dysfunction,?6 but in this study there was no
difference in IL-10 secretion between DCs from ACM
compared with HCM. Such differences were probably
caused by (1) differences in the stimulation period of the
immune cells (the former was ex vivo, this study was in
vitro); (2) differences in the cell sources (the former was
monocytes, this study was DCs); (3) other factors besides
amino acids influence IL-10 production. Also in patients
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with cirrhosis, the CD83 and CD86 expression of DCs
stimulated under ACM was lower than that under HCM.
When compared under the same medium, the CD83,
CD86, and HLA-DR expressions of DCs from LC were
lower than those from DCs of HC. To summarize these
results, in advanced cirrhosis not only the DCs themselves
but also the extracellular environments tend to impair the
maturation of DCs.

Second, we examined which amino acids more
strongly influences the function of DCs between HCM
and ACM. We found that BCAA, especially valine and
leucine, increased the BDCA+ DC allostimulatory ca-
pacity and IL-12 production. This confirms the findings
of our previous study,!5 although the enhancement by a
single amino acid was very subtle. To obtain greater en-
hancements, we may need to use combinations of other
amino acids.

Concerning the mechanism that underlies these phe-
nomena, we confirmed that the CD98 expression of DCs

were not different between HCM and ACM. CD98 can
regulate the expression and distribution of the light chains
to modulate the amino acid transport functions. CD98hc
is highly expressed on proliferating lymphocytes and on
other rapidly growing cells.?” Next, we examined whether
the amino acid imbalance in the plasma of patients with
advanced cirrhosis influenced the mTOR/S6K signaling
pathway of the DCs. Recently, some studies reported the
PI3K-mediated negative feedback regulation of IL-12
production in DCs,?® and rapamycin-enhanced IL-12
production in LPS-stimulated DC.223° In the present
study, BDCA+ DCs stimulated in ACM impaired IL-12
production, even though the mTOR signaling was de-
creased. This paradox raises the possibility that the amino
acid imbalance influences not only mTOR signaling but also
other types of signaling such as GSK3 or NF-«B signaling.
This issue should be evaluated in future studies.

Finally, we investigated whether elevating the level of
plasma BCAAs enhances the immune response ex vivo in
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patients with advanced cirrhosis. BCAA granules have
been used to effectively reverse the hypoalbuminemia and
hepatic encephalopathy in patients with advanced cirrho-
sis.?! In the preliminary investigation, we analyzed the
kinetics of plasma amino acids after oral administration of
BCAA granules. After oral administration, the BCAA
concentration in plasma was maximal at 30 minutes in
healthy volunteers. This was in contrast to patients with
advanced cirrhosis, who had a slow increase in BCAA
plasma concentrations that was maximal at 60 minutes.
This difference was probably caused by the malabsorption
of amino acids in the patients. In the ex vivo study, we
could not use the medium to analyze the function of DCs
of PBMC:s because the concentration of the amino acids
in medium influences the function. Thus, we stimulated
cells in autologous plasma and analyzed the function over
a short period of time. We found that oral administration

two-tailed).

of BCAAs enhanced the production of IFN-vy from PB-
MC:s ex vivo in patients with advanced cirrhosis.

The results of this study still cannot be construed as
conclusive evidence of a change in the functional clinical
state in terms of lowering the risk of sepsis in cirrhosis or
enabling consideration of such treatment for viral hepati-
tis. We need to perform a prospective, randomized, con-
trolled trial in a well-characterized group of patients with
appropriate immune mechanistic evaluation and deter-
mine the effects on the risk of sepsis in a longitudinal
follow-up. In the present study we demonstrated at least
that extracellular amino acids, especially BCAAs, influ-
ence the function of the immune system, and the
amino acid imbalance in the plasma of patients with
advanced cirrhosis impaired the maturation of DCs

and the production of inflammatory cytokines from
PBMG:s or DCs.
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In conclusion, the data from this study provide a ratio-

nale for future studies utilizing nutrition therapies that
could be beneficial to immune function in patients with
advanced cirrhosis.
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Abstract

Aim We investigated whether tumor-specific CD8% T-cell
responses affect tumor-free survival as well as the relation-
ship between CD8* T-cell responses against tumor-associ-
ated antigens (TAAs) and the clinical course after tumor
treatment in patients with hepatocellular carcinoma (HCC).
Methods Twenty patients with HCC that were treated by
radiofrequency ablation or trans-catheter chemo-emboli-
zation (TACE) and in whom HCC was undetectable by
ultrasonography, CT, and/or MRI 1 month after treatment
were enrolled in the study. Before and after treatment for
HCC, analyses of TAA (glypican-3, NY-ESO-1, and
MAGE-1)-specific CD8' T-cell responses were evaluated
with an interferon-y enzyme-linked immunospot (ELISpot)
assay using peripheral CD8" T-cells, monocytes, and 104
types of 20-mer synthetic peptide overlapping by 10 resi-
dues and spanning the entirety of the 3 TAAs.

Results  Sixteen out of 20 patients (80%) showed a positive
response (>10 TAA-specific cells/10° CD8" T-cells) before
or after treatment. When we performed univariate analysis of
prognostic factors for the tumor-free period in the 20 patients,
platelet count, prothrombin time, and the number of TAA-
specific CD8* T-cells after treatment were significant factors
(P = 0.027, 0.030, and 0.004, respectively). In multivariate
analysis, the magnitude of the TAA-specific CD8* T-cell
response (>40 TAA-specific cells/10° CD8* T-cells) was the
only significant prognostic factor for a prolonged tumor-free
interval (hazard ratio 0.342, P = 0.022).
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Conclusions Our results suggest that strong TAA-specific
CD8™ T-cell responses suppress the recurrence of HCC.
Immunotherapy to induce TAA-specific cytotoxic T lym-
phocytes by means such as the use of peptide vaccines
should be considered for clinical application in patients
with HCC after local therapy.

Keywords Hepatocellular carcinoma - CD8* T-cell
response - Cytotoxic T lymphocyte - ELISpot assay -
Immunotherapy

Introduction

There are about 500,000 new patients with hepatocellular
carcinoma (HCC) per year worldwide. Although vaccina-
tion against hepatitis B virus (HBV) and interferon
(IFN)-based therapy against hepatitis C virus (HCV) will
presumably reduce the number of HCC patients in the
future, the incidence of HCC is still increasing in Asia and
Africa because of the previous prevalence of infection with
the virus. Progress in treatments for HCC has improved the
prognosis of patients with HCC, However, HCC is usually
associated with cirrhosis and often recurs even after com-
plete treatment of the tumors in the remaining part of the
cirrhotic liver. Thus, there is a strong need for the devel-
opment of a new intervention therapy that suppresses the
occurrence or recurrence of HCC effectively and that has
fewer side effects. Immunotherapy may be such a treatment
and may be applicable to the clinical reatment of HCC. In
fact, some clinical trials have been performed [1-3].
Cytotoxic T lymphocytes (CTLs) are thought to be
potent effector cells against cancers. CTLs recognize spe-
cific antigens, and the induction of CTLs specific for
tumor-associated antigen (TAA) is an attractive procedure
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for tumor therapy. The MAGE-1 gene was first identified
as encoding a tumor-specific antigen on MZ-2-MEL cells,
a melanoma cell line, in 1991 [4]. MAGE-1 gene and
protein can be detected in many cancer tissues, and three
articles reported the expression of MAGE-1 in HCC as 30,
68, or 78%, respectively, in a Japanese population [5-7]. In
gastrointestinal tumors, immunotherapy using both den-
dritic cells and MAGE peptides has been performed for
patients with primary malignant melanoma of the esopha-
gus, and this therapy was able to induce peptide-specific
immune responses [8].

NY-ESO-1 antigen, a member of the cancer-testis anti-
gen family, was initially identified by a serological analysis
of recombinant cDNA expression cloning in an esophageal
cancer patient [9]. NY-ESO-1 mRNA was detected in
24-37% of HCCs by reverse transcription-polymerase
chain reaction [10, 11].

Glypican-3 (GPC3) consists of 580 amino acids and is a
heparan sulfate proteoglycan with a potential role in the
control of cell division. GPC3 mRNA was detected in
74.8% of HCC tissues, but only in 3.2% of normal liver
tissues [12], and GPC3 protein was detected in 72% of
HCCs, but not in normal tissue using GPC-specific anti-
body [13]. The GPC3 protein can also be detected in sera
of 40-53% of patients with HCC [14, 15].

These three antigens are thought to be attractive targets
for cancer immunotherapy because they are expressed only
in tumor tissues and testis, but not in normal tissues other
than testis. On the basis of previous reports, it is assumed
that most HCCs would express at least one of the three
TAAs. Therefore, monitoring immune responses against
these TAAs might help in the development of HCC
immunotherapy, such as TAA-based vaccination. In this
study, we investigated how the magnitude of CD8F T-cell
responses against these TAAs determined by an IFN-y
enzyme-linked immunospot (ELISpot) assay is related to
other clinical data and the tumor-free interval in patients
with HCC, in order to explore the clinical application of
such a TAA-based immunotherapy.

Methods
Patients

Twenty patients who were diagnosed with HCC at Showa
University Hospital between 2006 and 2008 were enrolled
in the study. They met the following study criteria: (1)
pathologically confirmed as having HCC or a lesion with
characteristic imaging features of HCC based on ultra-
sonography, CT, and/or MRI; (2) liver function classed as
Child-Pugh A or B; (3) no extrahepatic metastasis or vascular
invasion; (4) no previous or simultaneous cancers other than

@ Springer

HCC; and (5) an indication for treatment such as radiofre-
quency ablation (RFA) or trans-catheter chemo-emboliza-
tion (TACE). RFA was performed by well-trained
hepatologists using usual methods according to previous
reports [16]. A 16-gauge cooled-tip ablation electrode
(Covidien, Boulder, CO) was used in the procedure. TACE
was performed by well-experienced hepatologists and radi-
ologists. A microcatheter was inserted from the femoral
artery to the artery feeding the HCC superselectively after
conventional hepatic angiography, and then a segmental or
subsegmental TACE procedure was performed using gela-
tin, lipiodol, and either epirubicin hydrochloride or cisplatin.
All patients were followed every 1-3 months by ultraso-
nography, CT, and/or MRI to examine the appearance of new
lesions in the liver or other organs. The recurrence-free
interval was defined as the period from the month of HCC
treatment to the month when a recurrent and/or metastatic
HCC was first detected after treatment. Clinical data (platelet
count, prothrombin time, serum AST, ALT, albumin, total
bilirubin level, and AFP level) were collected 1-7 days
before HCC treatment. Chronic hepatitis C was diagnosed on
the basis of detectable HCV RNA in serum using the
Amplicor assay (Roche Diagnostics, Tokyo, Japan). Informed
consent was obtained from each patient included in this study.
The study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki as reflected in a priori
approval by the Ethical Committee of Showa University.

Synthetic peptides of TAA

Twenty-mer peptides overlapping by 10 residues and span-
ning the entire MAGE-1, NY-ESO-1, and GPC3 proteins
were synthesized based on the amino acid sequences repor-
ted previously as PepSets™ and purchased from Mimotopes
(Clayton South, Victoria, Australia). These peptides were
>80% pure. A total of 30 MAGE-1, 17 NY-ESO-1, and 57
GPC3 peptides were synthesized, as shown in Table 1. A
total of 10-11 TTA peptides were pooled in a mixture (total
10 mixtures) at a concentration of 10 pg/ml each.

Preparation of CD8* T cells and monocytes
from patients with HCC

PBMC:s were isolated from heparinized peripheral blood by
gradient centrifugation using Ficoll-Paque (Pharmacia-
LKB Biotechnology, Uppsala, Sweden). As reported pre-
viously, peripheral CD8" T-cells and monocytes were
separated from PBMCs using CD8 microbeads (MACS
system; Miltenyi Biotec, Bergisch Gladbach, Germany)
and a Monocyte Isolation Kit II (Miltenyi Biotec),
respectively [17]. These cells were isolated using an
autoMACS™ Pro Separator (Miltenyi Biotec). The purity
of the cells was >95% on flow cytometry (data not shown).
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Table 1 Synthetic peptides and peptide mixtures used in this study

Tumor-associated Peptide Amino acid
antigen sequence
Glypican-3 GL1 1-20

GL2 11-30

GL3 2140

GL57 561-580
MAGE-1 MG-1 1-20

MG-30 290-309
NY-ESO-1 NY-1 1-20

NY-17 161-180
Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6 Mix 7 Mix 8 Mix 9 Mix 10
GL1 GL2 GL3 GL4 GLS GL6 GL7 GL8 GLS GL10
GL11 GL12 GL13 GL14 GL15 GL16 GL17 GL18 GL19 GL20
GL21 GL22 GL23 GL24 GL25 GL26 GL27 GL28 GL29 GL30
GL31 GL32 GL33 GL34 GL35 GL36 GL37 GL38 GL39 GL40
GLA41 GLA2 GLA3 GL44 GLAS GLA6 GL47 GLAS GLA49 GL50
GL51 GLS52 GL53 GL54 GLS55 GL56 GL57 MG-1 MG-2 MG-3
MG-4 MG-5 MG-6 MG-7 MG-8 MG-9 MG-10 MG-11 MG-12 MG-13
MG-14 MG-15 MG-16 MG-17 MG-18 MG-19 MG-20 MG-21 MG-22 MG-23
MG-24 MG-25 MG-26 MG-27 MG-28 MG-29 MG-30 NY-1 NY-2 NY-3
NY-4 NY-5 NY-6 NY-7 NY-8 NY-9 NY-10 NY-11 NY-12 NY-13
NY-14 NY-15 NY-16 NY-17 - - - - - -

IFN-y ELISpot assay

The ELISpot assay was performed using an IFN-y ELISpot
assay kit (Mabtech AB, Stockholm, Sweden) as previously
described [17]. Briefly, a 96-well microtiter plate with a
nitrocellulose membrane bottom (Millititer; Millipore,
Bedford, MA) was coated with 100 pl anti-IEN-y mono-
clonal antibody at a concentration of 15 pg/m! in phos-
phate-buffered saline (PBS) overnight at 4°C. Unbound
antibody was removed by washing 6 times in Hanks’ bal-
anced saline solution. After blocking with AIM-V medium
(Invitrogen Japan, Tokyo, Japan) containing 10% fetal
bovine serum, 1 X 10° CD8* T-cells, 1 x 10* autologous
monocytes, and a TAA peptide mixture at 10 pg/mi of each
peptide were placed and incubated in duplicate in 100 pl
AIM-V medium at 37°C in a humid atmosphere with 5%
CO,. After incubation for 18 h, the cells were removed
by washing the plate 8 times with PBS. Next, 100 pl of
biotin-conjugated monoclonal antibody was added to each
well, and the plates were incubated further for 2 h at room
temperature. Wells were washed 5 times with PBS and
incubated with 100 ul streptavidin—alkaline phosphatase
for 2 h. Unbound antibodies were removed by washing 6

times with PBS, Then, 100 pl of alkaline phosphatase
substrate (Bio-Rad Laboratories, Richmond, CA) was
added to each well and incubated until dark spots emerged.
Color development was stopped by washing 3 times with
water, and the plates were allowed to dry. Using an ELI-
Spot reader (KS ELISPOT compact; Carl Zeiss, Oberko-
chen, Germany), the number of spot-forming cells (SFCs)
per well was counted. Numbers of TAA-specific SFCs for
each peptide mixture were calculated by subtracting the
mean number of SFCs of 2 control wells (without stimulus)
from the mean number of SFCs of 2 wells stimulated by
TAA antigens. An SFC number was calculated for each
patient as the sum of SFCs in each peptide mixture. ELI-
Spot assays were performed before and 3-7 days after
treatment. When TAA-specific CD8' T-cell responses
were analyzed in 10 normal subjects, we were unable to
detect any responses against TAA peptides in the ELISpot
assay (data not shown).

Statistical analyses

The relationship between the number of TAA-specific
CD$* T-cells and the recurrence-free period was analyzed

@ Springer

— 425 —



J Gastroenterol

using a parametric survival model. The log-rank test was
used to compare recurrence-free data for 2 groups. The
effects of multiple explanatory variables on recurrence-free
interval were analyzed using a Cox proportional hazards
model. Statistical analyses were performed using the sta-
tistical software JMP version 5 (SAS Institute Inc., Cary,
NC). Differences were considered as significant when the
P value was less than 0.05.

Results

TAA-specific CD8" T-cells were detected by ELISpot
assay before and after HCC treatment in most HCC
patients

The characteristics of the 20 patients enrolled in this study
are shown in Table 2. The 20 patients had no HCC
detected by ultrasonography, enhanced CT, and/or MRI
1 month after treatment for HCC. In those patients with
HCCs who had up to 3 HCCs and in whom the diameter of
each lesion was 3 cm or less, the treatment was usually
RFA; the remaining patients were treated by TACE.
However, in a few patients (patients 2 and 5) in whom the
diameter of each lesion was less than 3 cm, the physician
in charge of the patient selected TACE because they could
not deny the existence of more lesions that were unde-
tectable by conventional enhanced CT. The clinical courses
of the patients were followed for 3-29 months after ther-
apy for HCC. The ELISpot assay was performed to detect
CD8* T-cell responses to TAAs before and 3-7 days after
treatment. The data are shown in Table 3 as SFCs (total
count of TAA-specific CD8% T-cells/1 x 10° CDs*
T-cells). Sixteen out of 20 patients (80%) showed a posi-
tive response (10 or more SFCs) for TAA peptides either
before and/or after treatment. The numbers of SFCs
(mean =+ SD) before and after therapy were 33.8 & 514
(0-161, median 16.5) and 32.9 & 34.7 (0-130, median
23.0), respectively. Of the 20 patients, 5 (25%) and 7
(35%) showed a high TAA-specific immune response (40
or more SFCs) before and after treatment, respectively.

When we analyzed the TAA peptides recognized by
CD8* T-cells, we occasionally observed that different
peptide mixtures were identified as positive before and
after HCC treatment (data not shown).

Change in TAA-specific CD8* T-cell response induced
by HCC treatment does not correlate with recurrence-
free period

The number of SFCs increased in 11 of 20 (55%) patients

after treatment. In these patients, TAA-specific CTLs
might have been induced by the treatment. There were no
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Table 2 Characteristics of HCC patients before HCC reatment

n =20 Median

Age (years)® 68.8 9.4 73.0
Gender

M 11

F 9
AST (Un® 70 + 49 52
ALT (IUN)* 63 + 43 54
PLT (x10%uD)* 98 +53 8.5
PT (%)° 81 + 11 78
Alb (g/dD)* 35+ 04 34
T-Bil (mg/dl)* 09 £ 04 09
AFP (ng/ml)* 86 + 157 16
Virus

HCV 17

NBNC 3
Child-Pugh class

A 12

B 8
HCC size (mm)" 2348 23
No. HCCs

1 9

2 4

3 7

>3 0
Treatment

RFA 13

TACE 5

RFA + TACE

NBNC Negative for neither HBV nor HCV infection, RFA radiofre-
quency ablation, TACE trans-catheter chemo-embolization

® Results are shown as mean + SD

significant differences between the increase in TAA-spe-
cific CD8" T-cell response induced by the treatment and
either therapeutic procedure, laboratory data, or back-
ground of the patients (data not shown). The increase in
TAA-specific CTLs after treatment did not predict a better
prognosis of HCC,

Platelet count, prothrombin time, and the magnitude
of TAA-specific immune response after treatment
correlate with the recurrence-free period by univariate
analysis

When we analyzed the relationship between TAA-specific
SFCs detected by the ELISpot assay or other clinical variates
and the HCC-free interval using a parametric survival
model, we found that platelet count, prothrombin time, and
the TAA-specific CD8% T-cell response after treatment
significantly correlated with the HCC-free interval
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Table 3 Results of IFN-y ELISpot assay in patients in whom HCCs
were not detected after therapy

Patient no.  SFC before  SFC after treatment  Recurrence-free
treatment (/10° CD8* T-cells)  interval
(10° cDg* (month)
T-cells)

1 0 0 5

2 15 31 10

3 12 15 5

4 159 130 26

5 58 4 12

6 5 99 29*

7 15 17 7

8 20 41 7

9 135 9 12

10 1 6 3

11 8 9 6

12 10 57 15

13 34 42 13*

14 6 4 12"

15 23 8 9

16 59 37 12

17 12 29 23

18 161 72 24

19 18 4 15

20 25 44 23®

SFC Spot-forming cells

® These patients had no recurrence detected by ultrasonography,.
enhanced CT, and/or MRI after treatment

(P = 0.005, 0.007, and 0.001, respectively). When univar-
iate analysis of prognostic factors for the HCC-free interval
was performed, only platelet count (P = 0.027; Fig. 1a),
prothrombin time (P = 0.030; Fig. 1b), and the number of
SECs after treatment (P = 0.004; Fig. 1c) were found to be
significant. Child-Pugh class A tended to prolong the HCC-
free interval, although this was not significant (P = 0.066).
The other factors, including the number of SFCs before
treatment (P = 0.407), ALT level (P = 0.644), albumin
level (P = 0.488), total bilirubin level (P = 0.340), HCC
size (P = 0.756), HCC number (P = 0.486), and the pro-
cedure used for HCC treatment (RFA or TACE, P = 0.481),
did not affect HCC-free survival, as confirmed by the log-
rank test.

Multivariate analysis shows that the magnitude

of TAA-specific CD8" T-cell responses correlates
with the HCC-free interval after treatment in patients
who have no detectable HCC after therapy

In a further analysis of the 20 patients with HCC who were
treated by RFA or TACE and in whom no HCC

(A) Platelet count

1.0 p=0.027 = >1x10*/pL

- = <Ix10%pL

B
0.8 — 9
0.6
0.4 —

0.2 -

HCC-free survival rate

0.0 <
1 T

0 5 10 15 20 25 30
Month after treatment
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Fig. 1 Kaplan-Meier curves of HCC-free survival rate. In univariate
analysis, platelet count, prothrombin time, and the tumor-associated
antigen-specific CD8% T-cell response were found to be prognostic
factors for the HCC-free period after treatment. Kaplan-Meier curves
representing the relationship between month after treatment (HCC-
free interval) and HCC-free survival rate were grouped by a platelet
count, b prothrombin time, and ¢ spot-forming cells (SFCs) specific
for tumor-associated antigens after treatment

was detectable 1 month after treatment, we performed
multivariate analysis using a Cox proportional hazards
model. On multivariate analysis, only the magnitude of
TAA-specific CD8' T-cell responses (>40 TAA-specific
cells/10° CD8* T-cells) was the only significant prognostic
factor for a prolonged tumor-free period after treatment
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Table 4 Multivariate analyses of prognostic factors for tumor-free
interval

Variable Hazard ratio  95% Confidence limit P value
Platelet count
>1 x 1054l 0916 0.326-2.020 0.843
<1 x 10°%uL  1.000
Prothrombin time
>715% 0.455 0.094-1.390 0.177
<71.5% 1.000
Child-Pugh class
A 1.464 0.539-6.813 0493
B 1.000
Spot-forming cells after treatment
>40 0.342 0.079-0.866 0.022
<40 1.000

(hazard ratio 0.342, P = 0.022), as shown in Table 4.
Therefore, the results suggest that TAA-specific CTLs
detected after treatment are able to suppress the occurrence
or recurrence of HCC in patients with no detectable HCCs
after treatment.

Discussion

To determine whether TAA-specific CTLs suppress the
occurrence or recurrence of HCC, we investigated the
relationship between the magnitude of TAA-specific CD8™
T-cell responses and the HCC-free interval in patients who
had no detectable viable HCC 1 month after treatment for
HCC. We found that potent TAA-specific CD8% T-cell
responses, as observed 1 month after treatment for HCC,
led to a prolonged HCC-free interval.

An HLA-A24-restricted MAGE-1 peptide-specific CTL
line was established in a patient with metastatic mela-
noma [18], and an NY-ESO-1 DNA vaccine induced
both antigen-specific effector CD4" and/or CD8*1 T-cell
responses in most patients who did not show detectable
pre-vaccination immune responses [19]. In addition,
HLA-A2- and HILLA-A24-restricted GPC3-derived peptide
vaccine induced specific CTLs in mice [20]. In this study,
we selected GPC3, MAGE-1, and NY-ESO-1 to monitor
antigen-specific CD8% T-cell responses against HCC
because they had been reported to be expressed com-
monly and frequently in HCC tissues [7, 11-13], and thus
the combination of these TAAs would cover most HCCs.
Among the 20 patients enrolled in the present study, 16
(80%) showed positive CD8% T-cell responses (10 or
more SFCs) against the TAAs before and/or after the
treatment. Although we did not examine the expression of
TAAs in the HCC tissues, it would be expected that at
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least one of these three TAAs will be expressed in HCCs
in patients who have a positive CD8% T-cell response
against TAAs.

In patient 10, HCC recurrence was detected 3 months
after treatment. Insufficient treatment or the pre-existence
of intrahepatic metastases might be considered in a patient
in whom HCCs are undetectable 1 month after treatment,
but are detected within a few months after treatment. We
expected that TAA-specific CTLs induced by treatment
would suppress the development of a small HCC, which is
not easily detected by conventional methods of examina-
tion. Thus, we enrolled and analyzed all patients in whom
no HCC was detectable by uitrasonography, CT, and/or
MRI 1 month after treatment, even if a recurrent or met-
astatic HCC was detected within a few months after
treatment.

It is of interest whether tumor destruction by local HCC
treatment would induce immune responses against HCCs.
Apoptotic tumor cells are capable of inducing tumor-spe-
cific immune responses [21]. Dendritic cells, representing
antigen-presenting cells, around damaged tumor cells take
up tumor antigen released from the tumor cells and then
migrate into draining lymph nodes [22]. There, they mature
and stimulate tumor-specific helper T-cells and CTLs. In
turn, the effector cells migrate into the tumor tissue and
attack the tumor cells [23]. Tumor-specific immune
responses were induced by a combination of direct den-
dritic cell injections into the HCC and radiation therapy
that might induce tumor destruction [3]. When we com-
pared TAA-specific CD8" T-cell responses before HCC
treatment and those after treatment, about half of the
patients (55%) showed an increased frequency of TAA-
specific CD8™ T-cells, which might have been induced by
the treatment, However, the increase in TAA-specific
CTLs did not affect the recurrence-free interval. Rather, it
was the magnitude of TAA-specific CD8* T-cell responses
after the treatment itself that affected the recurrence-free
interval. Even if the frequency of these CTLs seemed to be
decreased after treatment, they might infiltrate the liver,
Furthermore, new CTLs other than pre-existing CTLs
might be induced by the treatment because many TAA
peptides recognized by CTLs were different between
before and after the treatment. Although some patients
showed a potent TAA-specific CD8% T-cell response
before treatment, SFC before treatment did not correlate
with the recurrence-free interval. We believe that TAA-
specific CTLs are not able to control a large tumor burden
by itself. As HCCs enlarge, they may secret immune sup-
pressive factors such as TGF-f [24] and/or IL-10 [25] and
modify gene expression of TAAs [26]. We speculate that
TAA-specific CTLs detected after the treatment, but not
detected before the treatment may be able to control HCCs,
Otherwise, TAA-specific CTLs detected before the
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treatment may be able to destroy a small HCC that was not
detected by conventional examinations.

The ELISpot assay is a convenient means of detecting
antigen-specific CD8™ T-cells in a variety of diseases. We
have detected HCV-specific CD8" T-cell responses in
patients with acute HCV infection using this method and
identified 6 new epitopes within the HCV protein [17]. In
fact, we identified a novel GPC3-specific CTL epitope
using this method (unpublished observation). At present,
we are trying to identify more CTL epitopes among these
TAAs that will be used as cancer vaccines.

In this study, we used peptide mixtures to stimulate
CD8* T-cells. This procedure may mask responses to
individual peptides because a peptide that interacts only
weakly with HLA molecules is unable to attach to the
molecule if the mixture contains 1 peptide with a high
affinity for the same molecule. However, such a weak
peptide would not contribute to tumor immune responses
because of its weak interaction with the HLA molecules.
Thus, we ignored this issue in this study.

Recurrence and multicentric carcinogenesis are major
factors in determining the prognosis of HCC, and several
treatments have been tried for the prevention of recurrence.
IFN therapy [27, 28], treatment with acyclic retinoid
therapy [29, 30], and adoptive immunotherapy [31] have
been reported as effective in suppressing HCC recurrence.
Preoperative hepatic function influenced early HCC
recurrence in patients in whom small HCCs were resected
[32]. This is consistent with our result that prothrombin
time, reflecting hepatic function, affected the recurrence-
free interval in the univariate analysis. In our study, higher
platelet counts also contributed to a longer recurrence-free
interval in the univariate analysis. In the multivariate
analysis, however, only the magnitude of TAA-specific
CD8* T-cell responses remained as an independent factor
contributing to a longer recurrence-free interval.

Although the size and number of HCCs were reported to
affect the period of HCC-free survival (recurrence) in
patients with HCC treated by hepatic resection [33], they
are not significant factors affecting the recurrence-free
interval. Further investigation, such as the accumulation of
analyses of HCC patients, is needed to clarify this issue.
Sixteen out of 20 patients without detectable HCC 1 month
after treatment had recurrent or metastatic HCCs during the
observation period in this study. Our results suggest that
the maintenance of strong TAA-specific CD8% T-cell
responses for a long period may lead to a longer recur-
rence-free state. A long-term observation of TAA-specific
immune responses should also be performed in any future
study.

The results of our study suggest that strong TAA-
specific CD8' T-cell responses would suppress HCC
recurrence in patients with HCC who are treated by RFA or

TACE and in whom any HCC is undetectable by ultraso-
nography, CT, and/or MRI 1 month after treatment. Since
recurrence and intrahepatic metastasis are major risk fac-
tors influencing the prognosis of patients with HCC,
immunotherapy to induce TAA-specific CD8* T-cells,
such as a peptide vaccine, should be considered for clinical
application in patients with HCC after local therapy.
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infection with hepatitis C virus (HCV) is associ-
ated with lymphoproliferative disorders, repre-
sented by essential mixed cryoglobulinemia and
B-cell non-Hodgkin’s lymphoma, but the patho-
genic mechanism remains obscure. HCV may
infect B cells or interact with their cell surface
receptors, and induce lymphoproliferation. The
influence of HCV infection of B cells on the
development of lymphoproliferative disorders
was evaluated in 75 patients with persistent
HCV infection. HCV infection was more prevalent
(63% vs. 16%, 14%, or 17% P < 0.05 for each), and
HCV RNA levels were higher (3.35:43.85 vs.
1.75:+:2.52, 2.15+£2.94 or 2,10+ 2.90 log copies/
100 ng, P<0.01 for each) in B cells than CD4*,
CD8™ T cells or other cells. Negative-strand HCV
RNA, as a marker of viral replication, was
detected in B cells from four of the 75 (5%)
patients. Markers for lymphoproliferative disor-
ders were more frequent in the 50 patients with
chronic hepatitis C than the 32 with chronic
hepatitis B, including cryoglobulinemia (26%
vs, 0%, P<0.001), low CHgg levels (48% vs. 3%,
P=0.012), and the clonality of B cells (12% vs. 0%,
P <0.01). By multivariate analysis, HCV RNAin B
cells was an independent factor associated with
the presence of at least one marker for lympho-
proliferation (odds ratio: 1.98 [95% confidence
interval: 1.36-7.24], P=0.027). Based on the
results obtained, the infection of B cells with
HCV would play an important role in the develop-
ment of lymphoproliferative disorders. J. Med.
Virol. 81:619-627, 2008. © 2009 Wiley-Liss, Inc.

KEY WORDS: B cells; clonality; cryogiobuli-
nemia; hepatitis C virus; lym-
phoproliferative disorders

INTRODUCTION

Hepatitis C virus (HCV) can induce chronic hepatitis,
liver cirrhosis and hepatocellular carcinoma [Tonget al.,

© 2009 WILEY-LISS, INC.

1995; Ikeda et al., 1998]. In addition, some patients
infected with HCV develop proliferative disorders of
lymphocytes, such as mixed cryoglobulinemia [Agnello
et al,, 1992; Frangeul et al., 1996; Donada et al., 1998]
and B-cell non-Hodgkin’s lymphoma (NHL) [Ferriet al,,
1994]. Cryoglobulinemia represents the oligoclonal
proliferation of B cells and occurs in 19-56% of patients
infected with HCV [Mazzaro et al., 1996; Donada et al.,
1998; Weiner et al., 1998; Schmidt et al., 2000], while
antibody to HCV (anti-HCV) and HCV RNA are detected
more frequently in the patients with non-Hodgkin’s
lymphoma than in the general population (30% vs. 1.3%)
[Ferri et al., 1994]. On the basis of these observations,
cryoglobulinemia is considered to be a marker for
lymphoproliferative disorders. In addition, rheumatoid
factor (RF) in high titers and hypocomplementemia (low
levels of C3, C4, or CHpy) are regarded as immunological
markers for autoimmune disease and lymphoprolifera-
tion [Ramos-Casals et al, 2005]. In the patients with
Sjogren’s syndrome, for instance, hypocomplementemia
was closely associated with the development of lym-
phoma [Ramos-Casals et al., 2005].

Although an epidemiological association has been
noted between HCV infection and lymphoproliferative
disorders, the pathogenic mechanisms underlying
it have remained unclear. HCV would infect B cells
persistently, and induce somatic mutations toward
propagation in them, Recently, the replication of HCV
was demonstrated in a B-cell line established from a
patient infected with HCV [Sung et al,, 2003], and
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somatic hypermutations in the immunoglobulin genes
as well as proto-oncogenes were observed in a B-cellline
infected with HCV [Machida et al., 2004]. These
observations suggest direct and/or indirect effects of
HCYV infection of B cells on the induction of lymphopro-
liferative disorders. HCV infection by itself or stimula-
tion by immune complexes containing viral antigens
may trigger the clonal proliferation of B cells for
the development of lymphoproliferative disorders in
patients with chronic hepatitis C [Agnello, 1995;
Ivanovski et al., 1998].

There is some evidence for the replication of HCV in
peripheral blood mononuclear cells (PBMCs) of patients
who are infected with HCV persistently [Moldvay et al.,
1994; Lerat et al., 1998; Zignego and Brechot, 1999],
although it is not known which of the T-, B-, and other
cell-types supports the replication of HCV. It may
replicate at very low levels in lymphoid cells, and they
may serve as an extra-hepatic reservoir; this is impli-
cated in recurrence and persistence of HCV infection in
immunosuppressed individuals [Laskus et al., 2000].
Although current antiviral therapies can eliminate
HCV from the serum, it may survive in lymphocytes
thereafter [Pham et al., 2004; Radkowski et al., 2005].
The efficacy of interferon therapy on the HCV infection
of lymphocytes is, as yet, uncertain.

The frequency of HCV infection of peripheral blood
mononuclear cells (PBMCs) was examined in 75
patients with chronic hepatitis C, and HCV RNA levels
were determined in CD4", CD8" T-cells, B-cells, and
other cells. The replication of HCV in B cells was
correlated subsequently with lymphoproliferative dis-
orders,

MATERIALS AND METHODS
Patients

During 2008 through 2006, 75 patients infected with
HCV were admitted to the Showa University Hospital,
including two with acute hepatitis, 50 with chronic
hepatitis, two with liver cirrhosis, 16 with hepatocel-
lular carcinoma and five with non-Hodgkin’slymphoma.
The diagnosis of HCV infection was confirmed in all
these patients by the detection of anti-HCV and HCV
RNA in the serum. All the patients were negative for
hepatitis B surface antigen (HBsAg) or antibody to
human immunodeficiency virug type-l. Serving as
controls were 28 healthy individuals without HCV
infection and 32 patients with chronic hepatitis B who
did not have liver cirrhosis, hepatocellular carcinoma
or non-Hodgkin’s lymphoma. Informed consent was
obtained from every participant for the purpose of this
study, and the study was approved by the Ethics
Committee of Showa University School of Medicine.

Isolation of Lymphoid Cells

PBMCs (2.83 - 1.46 x 107) were obtained from whole
blood (30 ml) by the centrifugation in a Ficoll/Hypaque
gradient. Beads with the affinity for CD8" cells

J. Med. Virol. DOI 10.1002/jmv
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(MicroBeads®™; Miltenyi Biotte, Bergisch Gladbach,
Germany) were added to PBMCs, and the cell suspen-
sion was mixed well, incubated for 15 min at 4°C and
centrifuged at 900g for 10 min in a tube. The tube was
then placed on a magnet, and the supernatant floating
free cells was transferred to another tube, The pellet
containing CD8" cells was collected and stored at —80°C
until use. CD4" and CD19% cells were separated from
the supernatant using similar procedures. The remain-
ing supernatant was pelleted to make the ‘other cell
fraction. Each compartment of PBMCs contained
~11x 10°-10° cells.

Quantitation of HCV RNA in Lymphoid Cells

HCV RNA was determined by reverse transcription-
polymerase chain reaction (RT-PCR). Briefly, total RNA
was extracted from each cellular compartment using
Trizol® Reagent (Invitrogen, Carlsbad, CA). The RNA
$olution was stirred-up, and a portion (1 pl{rom the total
of 50 ul) was reverse-transcribed by AMV® RT (Roche,
Mannheim, Germany) and amplified by the single-step
PCR for 40 cycles with appropriate primers (5'-CGC
GCG ACT AGG AAG ACT TC-3' and 5'-ATA GAG AAA
GAG CAAC CA GG-3) that are complementary to the
5-UTR sequence. HCV RNA was determined in 100 ng
of each RNA sample by the real-time RT-PCR using the
primers described previously [Ito et al,, 2001]; it has a
detection range over 1.0-8.0 log copies. HCV RNA was
recorded as positive for the samples with titers exceed-
ing 1.0 log copies/100 ng, in order to exclude contami-
nation of lymphoid cells with serum HCV RNA.

RT-PCR for Detecting Negative-Strand HCV RNA

Negative-strand HCV RNA was determined by the
strand-specific RT-PCR. A portion of total RNA (1 ul
from 50 pl) extracted from the B-cell fraction (10° cells)
was reverse-transcribed with the sense primer (5-AGA
CAT CGG GCCAGAAGT GTCC-3) complementary toa
partial NS5B sequence of negative-strand HCV RNA,
and amplified by the hot-started single-step RT-PCR for
40 cycles using the GeneAmp® EZ rTth RNA PCR kit
(Applied Biosystems, Branchburg, CA) with the same
primer and an antisense primer (6'-CGT TCA TCG GTT
GGG GAG CAG G-3) located downstream of it [Castillo
et al., 2005). Controls were negative- and positive-

strand HCV RNA species that had been generated by

in vitro iranscription using the pCVJ4L6S plasmid
[Yanagi et al., 1998]. Assays were performed in dupli-
cate for each sample.

Serum Markers of
Lymphoproliferative Disorders

Cryoglobulinemia was detected by a semi-quantita-
tive centrifugation method. Briefly, blood samples were
centrifuged at 600g for 20 min at 37°C. Sera were cooled
t0 4°C and left to stand for 48 h, and centrifuged again at
2,500g for 10 min at 4°C. The emergence of cryocrit at
4°C and its disappearance by warming up to 37°C for
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