The Journal of Immunology

Extracellular Branched-Chain Amino Acids, Especially Valine,
Regulate Maturation and Function of Monocyte-Derived
Dendritic Cells”

Eiji Kakazu,* Noriatsu Kanno," Yoshiyuki Ueno,>* and Tooru Shimosegawa*

The functions of dendritic cells (DCs) are impaired in patients with liver cirrhosis. It is well-known that cirrhotic patients show
decreased levels of plasma branched-chain amino acids (BCAA). Although amino acids are associated with maintaining the cell
structure and function in many organs, limited data are available regarding the role of amino acids including BCAA in the
immune system. We aimed to investigate the roles of BCAA in the function of human monocyte-derived DCs (MoDC). CD14-
positive monocytes (CD14 *) were isolated from PBMC from healthy volunteers and hepatitis C virus (HCV) cirrhotic patients.
In medium deprived of BCAA or valine, monocytes were able to differentiate into immature, but not into mature, DCs and showed
weak expression of CD83. The deprivation of leucine or isoleucine did not affect this process. The MoDC allostimulatory capacity
was significantly decreased in medium deprived of BCAA or valine (p = 0.017, p = 0.012, Bonferroni’s analysis, respectively).
Annexin VF'""/propidium iodide staining showed that the DC yield and viability were not significantly different under any
medium. Immunoblotting demonstrated that depletion of valine or leucine decreased phospho-S6 kinase expression. Valine in-
creased dose-dependently the allostimulatory capacity and IL-12 production of MoDC from both healthy volunteers and HCV
cirrhotic patients. An elevated extracellular concentration of valine could improve the DC function in cirrhotic patients. These
data provide a rationale for nutrition therapy that could be beneficial to patients with cirrhosis. The Journal of Immunology,

2007, 179: 7137-7146.

epatitis C virus (HCV) induces chronic liver disease in
H hosts, which can eventually progress to liver cirrhosis

and chronic liver failure. Combination therapy with
peginterferon and ribavirin has been shown to result in a sustained
virological response in ~50% of patients (1, 2), but others con-
tinue to be viremic and progress to advanced fibrosis and liver
cirrhosis. The number of advanced liver cirrhotic patients has been
increasing, but combination therapy is poorly tolerated under cir-
rhosis and the response rate is low (3). Bacterial infection, such as
spontaneous bacterial peritonitis and pneumonia, is one of the most
frequent causes of death in immune-compromised cirrhotic pa-
tients. In such cirrhotic patients, a decrease in the levels of plasma
branched-chain amino acids (BCAAs) is one of the characteristic
features (4, 5). BCAA comprise the three essential amino acids
L-leucine, L-isoleucine, and L.-valine. BCAA granules (a mixture of
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1-leucine, L-valine, and L-isoleucine) have been used to effectively
reverse the hypoalbuminemia and hepatic encephalopathy in pa-
tients with decompensated liver cirrhosis (6, 7), but little is known
about the impact of changes in the BCAA levels on the immune
system (8). In previous cohort stwdies, the BCAA-supplemented
groups demonstrated elevations in the absolute lymphocyte count
(9, 10). In previous in vitro studies, the omission of a single BCAA
from the medium of cultured lymphocytes resulted in the complete
abolition of protein synthesis or proliferation (11-13). These find-
ings simply reflect the fact that BCAA are essential cell
components.

Recently, 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 in-
sulin (14). The mammalian target of the rapamycin (mTOR) sig-
naling pathway is one of the most representative pathways, and
this pathway has been shown to act as a major effecter of cell
growth and proliferation via the regulation of protein synthesis.
The pathway is activated by BCAA, especially by leucine (15-17).
mTOR was identified and cloned (18--20) shortly after the discov-
ery of the two yeast genes, TORI and TOR2, in the budding yeast
Saccharomyces cerevisiae during a screening for resistance to the
immunosuppressant drug rapamycin. Rapamycin, introduced to
prevent allograft rejection, has been extensively studied for its ef-
fect on T lymphocytes, and is primarily known for its antiprolif-
erative effect (21). Some studies have described that dendritic cell
(DC) functions (viability, Ag uptake, cytokine production, and al-
lostimulatory capacity) are impaired by rapamycin (22-24).

DCs are professional APC that initiate and mediate immune
responses against pathogens and tumors. Typically, immature DCs
capture and process Ags to peptides which are then presented in
the context of MHC class II or class I molecules. They migrate to
lymphoid tissues and present antigenic peptides to naive T cells.
The mature DCs, which characteristically express CD83 (25), can
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Table 1. Characteristics of study participants®
Patient Age Total Child-Pugh
Number Disease Gender (Years) AST/ALT Bilirubin  Albumin PT-INR PLT HCV Ab HCV-RNA Genotype Classification
1 LC-C F 57 63/96 1.4 4.2 112 109 + 500 1b A
2 F 80 43/31 1.8 2.1 .31 114 + + NA B
3 M 69 45/44 1.1 3.7 112 192 + 170 2b A
4 F 69 41/37 1.1 33 1.05 91 + 1100 1b A
5 M 42 54/56 32 29 1.82 29 + 230 1b C
6 M 30 61/62 09 3.6 127 129 + 150 Ib A
7 M 78 66/52 1.6 2.8 1.41 58 + + NA B
8 M 56 44/37 3.9 29 1.93 46 + + 1 (serotype) C
9 F 69 47/25 0.8 32 1.61 87 + + A B
10 F 58 58/53 1.5 35 1.28 80 + 3400 1b B
11 F 69 48/42 2 2.8 1.25 54 + 870 tb B
12 M 59 1271127 35 2.6 14 81 + 210 1b C
13 F 50 79/93 1.5 3.0 1.26 51 + 1700 1b B
14 M 75 133/103 1.6 2.6 139 62 + 2600 1b B
15 PSC M 57 72129 5.7 24 1.34 452 - - C
16 Non-B, non-C M 62 28/26 1 4.2 119 113 - - A
17 Budd-Chiari syndrome M 60 38/49 23 4.3 132 66 - - B
18 PBC F 53 90/61 2.7 32 1.26 51 - - B
19 NASH F 58 90/99 1 38 123 118 - - A
20 NASH F 68 76/48 2.2 3.0 1.8 129 - - B

“LC-C, Liver cirrhosis due to HCV; PSC, primary sclerosing cholangitis; PBC, primary biliary cirthosis; NASH, nonalcoholic stetohepatitis; NA, not available; PLT, platelet
counts (X10%u1); PT-INR, prothrombin time-international normalized ratio; AST/ALT, aspartate amino transferase/alanine amino transferase.

rapidly activate other innate immune cells including NK and NKT
cells through the production of immunomodulatory cytokines such
as TLs IL-10 and IL-12. Human DCs can be generated in vitro from
peripheral blood CD14-positive monocytes, termed monocyte-de-
rived DCs (MoDC) (26). The ability of monocytes to differentiate
into DCs was originally demonstrated by Sallusto and Lanzavec-
chia (27), who reported the generation of DCs from human pe-
ripheral monocytes after in vitro culture with GM-CSF plus IL-4,
Despite in vitro experimental evidence on the potential of mono-
cytes to differentiate into DCs, whether this process occurs under
physiological conditions is still controversial. In patients with
chronic hepatitis C, the function of MoDC has been studied by
various groups. These studies described that MoDC of patients had
lower allostimulatory capacity and TL-12 production than MoDC
of healthy subjects (28-30). It is considered that HCV proteins
impair the hosts” DC functions (31).

In this study, we demonstrated that BCAAs, especially valine,
influenced the function of MoDC. Increasing the extracellular con-
centration of valine could improve the DC function in cirrhotic
patients.

Materials and Methods

Patients and healthy volunteers

Liver cirrhotic patients with chronic HCV infection were diagnosed for
persistent-positive HCV Ab and the presence of HCV-RNA in the serum.
All patients had clinical and laboratory findings compatible with cirrhosis
(Table I). Also, six nonviral cirrhotic patients and eight healthy volunteers
were recruited to obtain MoDC. Written informed consent was obtained
from each individual and the study protocol was approved by the Fthics
Committee of Tohoku University School of Medicine (2003-326).

Monocyte isolation and DC generation

PBMC were separated from the peripheral blood of healthy volunteers and
patients by centrifugation on a density gradient (Ficoll-Paque Plus;
Amersham Biosciences). The CD14-positive monocytes (CD14%) were iso-
lated from PBMC using magnetic microbeads (Miltenyi Biotec). CD14*
were cultured at a density of 3.0 X 10° cells/well in 24-well flat-bottom
plates (Falcon) for 5 days in the following culture medium: amino acid-free
medium (D-MEM deprived of all amino acids) supplemented with 2 g/L
BSA (Sigma-Aldrich), 1000 U/ml GM-CSF (PeproTech), 500 U/m! (hu-
-man) IL-4 (PeproTech), 3.5 g/L glucose (Sigma-Aldrich), 6 g/L. HEPES
(Sigma-Aldrich), 1% insuline-transferin-selenium-X (Invitrogen Life

Technologies), and variously conditioned amino acids. The culture me-
dium containing all 20 kinds of amino acids was defined as the complete
culture medium (CCM). The culture medium in which all amino acids—
BCAA, valine, leucine, or isoleucine—were removed was defined as zero,
ABCAA, AVal, ALeu, or Alle, respectively (Table II). At day 5, 20 ng/ml
TNF-a (R&D Systems) and 500 ng/m] LPS (Escherichia coli 026:B6;
Sigma-Aldrich) were added and the culture was continued for an additional
24 h. Also, CD40L. (1 pg/ml) or poly I:C (30 ug/ml) was added at day 5
to evaluate the CD83 expression. The CD14™ monocytes expressed high
levels of CD14, HLA-DR, and CD86, and negligible levels of CD83. Im-
mature DCs expressed lower levels of CD14 and CD86, and higher levels
of HLA-DR and CD40, but they did not express CD83. Mature DC showed
the up-regulation of costimulatory molecules (CD40, CD80, and CD86).
These cells were also characterized by the induction of CD83 expression
on their cell surface.

Table . Concentrations of amino acids in medium®

Zeto CCM ABCAA AVal ALew  Alle
Glycine 0 400 400 400 400 400
L-Alanine 0 400 400 400 400 400
L-Serine 0 400 400 400 400 400
L-Threonine 0 800 800 800 800 800
L-Cystine 2HCI 0 200 200 200 200 200
L-Methionine 0 200 200 200 200 200
1-Glutamine 0 4000 4000 4000 4000 4000
L-Asparagine 0 400 400 400 400 400
~-Glutamic acid 0 400 400 400 400 400
L-Aspartic acid 0 400 400 400 400 400
L-Valine 0 800 0 0 800 800
t-Leucine 0 800 0 800 0 800
1-Isoleucine 0 800 0 800 800 0
L-Phenylalanine 0 400 400 400 400 400
L-Tyrosine 0 400 400 400 400 400
L-Tryptophan 0 80 80 80 80 80
L-Lysine-HCl 0 800 800 800 800 800
L-Arginine-HCI 0 400 400 400 400 400
1-Histidine HCI-H,0 0 200 200 200 200 200
L-Proline 0 400 400 400 400 400

“CCM contains 20 aa that are relevant to the makeup of mammalian proteins.
Zero medium is deprived of all amino acids. ABCAA medium is deprived of BCAAs
(L-valine, L-leucine, and L-isoleucine). AVal medium, AlLeu medium, and Alle me-
dium are each deprived of L-valine, L-leucine, and L-isoleucine, respectively. Amino
acid concentrations are expressed in nanomoles per milliliter. We verified that there
was no difference between the theoretical value and actual value by HPLC.
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FIGURE 1. MoDC cultured in BCAA-deprived medium express low levels of CD83. We cultured monocytes under CCM or ABCAA medium in 24-well

tissue culture plates for 5 days and exposed them to LPS and TNF-« for an additional 24 h. A, Cells were harvested on day 6 of culture, stained with different
mAbs, and analyzed using flow cytometry. Cells were stained with FITC-labeled anti-CD14, -CD40, -CD80, -CD83, -CD86, and -HLA-DR. For the
histogram figure, filled traces represent isotype-matched control Ab staining; open traces indicate a marker-specific Ab; percentages indicate positive cells.
Results are representative of five experiments from five different donors. B, Influence of BCAA on microscopic appearance of monocytes undergoing DC
differentiation under serum-free conditions. Day 6, cells in firmly adherent clusters in CCM, ALeu, and Alle, which are typical of DCs that mature in vitro.
In contrast, cells in ABCAA and AVal formed much smaller clusters. Using a traditional FSC/SSC gate of the FACS plots, the figure expresses the mean

FSC and SSC values of the MoDC population.

MoDC surface marker analysis and viability assay

On day 5 or 6 of culture, MoDC were harvested and labeled with FITC- or
PE-labeled mAbs (anti-human CD14, CD40, CD80, CD83, CD86 HLA-
DR, or the relevant isotype controls: BD Pharmingen), according to the
manufacturer’s directions. Briefly, cells (1 X 10°% were incubated with 20
wd of Ab in a total volume of 100 ul (PBS) for 30 min at 4°C in the dark.
Using a FACSCalibur (BD Immunocytometry Systems) flow cytometer, the
cells were gated according to their size (forward light scatter (FSC)), granu-
larity (side light scatter (SSC)), and surface marker expression and analyzed
using the CellQuest (BD Immunocytometry Systems) program. On day 6, the
viability of MoDC was determined using Annexin V™I, with dead cells iden-
tified by propidium iodide (P staining (Annexin V'''¢ Apoptosis Detection
kit; BioVision), according to the manufacturer’s directions.

MLR and cytokine analysis

CD14" monocytes isolated by MACS were cultured at a density of
1.0 X 10° cells/well in 96-well round-bottom plates (Falcon) containing

200 w! of various concentrations of valine or leucine in medium sup-
plemented with 1000 U/ml GM-CSF, 500 U/ml IL-4 for the generation
of immature DCs. On day 5, immature DCs were induced to mature
using 500 ng/ml LPS and 20 ng/ml TNF-a for 24 h. On day 6, the
allostimulatory capacity of 5.0 X 10* irradiated DCs (3000 rad) was
tested in a one-way MLR with normal, allogeneic T CD4™ lymphocytes
(isolated from PBMC using magnetic beads: 1 X 10°cells/well) in du-
plicate or triplicate. Coculture cells were maintained for 4 days at 37°C
in a 5% CO, humidified atmosphere. The proliferation rate of the cells
was measured using an MTS assay (CellTiter 96 aqueous one-solution
cell proliferation assay; Promega). Forty microliters of CellTiter 96
aqueous one-solution were added to each well. After 2 h of incubation,
the UV absorbance of the solution was measured at a wavelength of 490
nm. All MTS assays were done in triplicate. Supernatants were col-
lected on day 6 and immediately IL-12 (p40 plus p70) and IL-10 were
determined by specific cytokine ELISA kits (Bender MedSystems) ac-
cording to the manufacturer’s instructions.
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Table III. Depletion of BCAA, especially valine, decreased MoDC CD83 expression®

CCM (n = 8) ABCAA (n = 8) AVal (n = 8) ALeu (n = 8) Alle (n = 7)
CD14
% Positive cell 8.8 +64 72*x74 69+57 4349 6.1 *5.7
MFI 51 %21 53 +33 48+19 3.6 *05 47 * 1.6
CD83
% Positive cell 36.2 = 6.5 18.8 + 11.8° 155+ 3.2 32.0 80 346 x6.1
MFI 10716 6.6 2.3 6.0 = 1.8 8419 11.7+54
CD86
% Positive cell 637114 535* 140 59.9 £21.0 571 £ 105 62.6 = 19.5
MFI 373126 32.1 154 278123 288+ 198 313 £ 164

2 Both the proportion of positive cells and the MFI are presented for each marker as the mean * SD of healthy volunteers.
b Value of p < 0.05 vs MoDC cultured under CCM (one-way ANOVA and Dunnett’s post-hoc procedure).

Immunoblotting

On day 6, MoDC were harvested and lysed using CelLyticTM-M Mam-
malian Cell Lysis/Extraction Reagent (Sigma-Aldrich). The lysed cells
were centrifuged for 10 min at 12,000~20,000 X g to pellet the cellular
debris. Thereafter, these protein concentrations were determined by a Mod-
ified Lowry Protein Assay kit (Pierce). The total 50 ug of protein were
loaded onto SDS-PAGE gel and electrotransferred to a polyvinylidene flu-
oride (Immun-Blot PVDF membrane; Bio-Rad). After washing, the mem-
branes were incubated in 25 ml of blocking buffer for 1 h at room tem-
perature. Immunostaining was performed with rabbit polyclonal primary
Ab (mTOR: no. 2972, p70 S6K: no. 9202, phopho-p70 S6K: no. 9205; Cell
Signaling Technology), followed by incubation with a secondary Ab con-
jugated to HRP (Sigma-Aldrich). Immunoreactive proteins were revealed
with an ECL reagent (ECL advance; Amersham Biosciences). To confirm
the equal protein loading in all samples, the blot was stripped for 30 min
in Ab stripping solution (Re-Blot Plus Western Blot Recycling kit; Chemi-
con International), washed extensively, and relabeled with anti 8-actin Ab
and secondary HRP Ab (Sigma-Aldrich). Densitometric analysis was per-
formed using Scion Image for Windows.

Aminogram

The concentrations of plasma amino acids from 27 HCV cirrhotic patients
were measured by HPLC. Also, these patients were classified according to
the Child-Pugh classification.

Statistical analysis

The data were analyzed with ANOVA, and multiple comparisons were
performed with Dunnett’s post-hoc procedure. When two groups were an-
alyzed, the differences between groups were analyzed by the Wilcoxon ¢
test. When, more than two groups were analyzed, the differences were
analyzed by Bonferroni’s analysis. All data are expressed as mean SEM. In
all analyses, a p value of <0.05 was considered statistically significant. All

statistical analyses were performed with standard statistical software (SPSS
13.0 for Windows).

Results

Depletion of extracellular BCAA did not influence the
expression of costimulatory molecules on MoDC, but decreased
the expression of CD83

First, to investigate whether the depletion of extraceliular BCAA
influenced the generation of MoDC, we cultured the monocytes for
6 days under CCM and ABCAA. At day 5, the stimulants were
added. We evaluated the expression of CDI14, CD40, CD8O,
CD83, CD86, and HLA-DR on the surface of MoDC grown under
either CCM or ABCAA (Fig. 14) by flow cytometry. There was no
difference in the percentage of MoDC expressing CD14, CD40,
CD80, CD86, and HLLA-DR between the two mediums. Negligible
levels of CD14 and higher levels of HLA-DR, CD40, CD80, and
CD86 indicated that the cells could differentiate into MoDC in
both mediums. However, the CD83 expression was decreased un-
der ABCAA as confirmed by the single-color staining. Similarly,
when stimulated with either CD40L or poly I:C at day 5, the CD83
expression was impaired in ABCAA (data not shown). To inves-
tigate which amino acid in BCAA especially influenced the MoDC
phenotype, we determined the MoDC phenotype (CD14, CDS83, or
CD86) in AVal, ALeu, and Alle. In CCM, ALeu and Alle, the
MoDC phenotype was similar. However, in AVal, the CD83 ex-
pression of MoDC was significantly impaired compared with that
in CCM. The CD86 expression was not significantly different in
any medium (Table III). On microscopic appearance, depletion of

Day 0
FIGURE 2. BCAA, especially va-
line, are necessary for MoDC matura-
ton but not for differentiation. Mono-
cytes were cultured under CCM,
ABCAA, AVal, ALeu medium as de- Day 5 ABCAA
scribed in Fig. 1. Cells were harvested o)
on days 5 and 6 of culture, stained with %
different mAbs, and analyzed using £
flow cytometry. Cells were stained with E
FITC-labeled anti-CD14 and PE-la- % ),
beled anti-CD83. For the dot-plot fig-
ure, percentages indicate the proportion
of cells adopting the DC immunophe- Days(sﬁm::anv) cew % ® Aval A\f"v‘a line_400nmot/mt
notype (CD147/CD83"). Results are " %
representative of four experiments from %“2 g=
four different donors. % o &

% ".o’w" PEEY ST L
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FIGURE 3. Depletion of extracellular BCAA did not influence the MoDC viability. Monocytes were cultured under CCM, ABCAA, AVal, and
ALeu medium as described in Fig. 1. Cells were harvested on day 6 of culture. Annexin VF'TC/PI staining was performed to determine the cell
viability. In the quadrant statistics, PI-negative and annexin V-negative indicated live cells. PI positive (upper) indicated necrotic cells. PI negative
and annexin V positive (lower right) indicated early apoptotic cells. Data shown are representative of four independent experiments with cells from
different donors.
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BCAA also affected the morphological appearance and behavior of Depletion of extracellular BCAA or valine influenced the

the cells in culture. Monocytes cultured under either CCM, ALeu, maturation but not the differentiation of MoDC

or Alle were adherent with little tendency to form aggregations. On

day 6, cells formed large, firmly adherent clusters (Fig. 1B), which To further investigate at which point in time the amino acids in-
were typical of mature DCs in vitro. In contrast, monocytes cul- fluenced the MoDC phenotype, we cultured monocytes under
tured under ABCAA and AVal formed much smaller clusters. Us-  CCM, ABCAA, AVal, or ALeu, and determined the phenotype of
ing a traditional FSC/SSC gate of the FACS plots, we evaluated  the MoDC before (day 5) and after (day 6) adding LPS and TNF-«
the mean FSC and SSC values of the MoDC population in each by two-color staining (Fig. 2). Most monocytes (>95%), which
medium. MoDC generated under ABCAA or AVal expressed were freshly isolated from PBMC, expressed the CD14-positive
lower FSC and SSC values than MoDC generated under CCM. and CD83-negative phenotype. Before adding the stimulants (day
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FIGURE 4. BCAA, especially valine, modulated MoDC allostimulatory capacity. 4, We cultured monocytes under each medium for 5 days (detailed
amino acid composition is shown in Table II) in 96-well tissue-culture plates and irradiated MoDC after exposing them to LPS and TNF-« for additional
24 h. The MoDC yielded (5.0 X 10*) were cocultured with normal, allogeneic CD4* T lymphocytes (1 X 10°cells/well) under CCM for 4 days and
evaluated for their allostimulative capacity by the MLR. B, We cultured monocytes in the same way under various mediums that contained 0—800 nM/m}
valine or leucine. Zero nanomoles per milliliter of valine or leucine medium are represented by AVal or ALeu, respectively. CCM contained 800 nM/ml
valine and leucine medium. C, After 6 days, the supernatants were removed and assayed for the cytokine concentrations. Mean * (A) SEM values from
five different donors are shown. B and C, Mean * SEM values from four different donors are shown. Statistical significance for all conditions was
determined by one-way ANOVA and Bonferroni's post-hoc procedure for A, one-way ANOVA and Dunnett’s post-hoc procedure for B and C. **, p <
0.01; *, p < 0.05 vs CCM (A and B) or vs AVal (C).
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5), the MoDC phenotype was CD14 negative and CD83 negative
in all medium compositions. These data indicated that the mono-
cytes could differentiate into immature DCs in almost any medium.

FIGURE 6. The plasma concen-
trations of BCAA in cirrhotic pa-
tients were decreased according to
the Child-Pugh grade. Twenty-seven
liver cirrhotic patients were classified
by Child-Pugh classification. The lev-
els of plasma BCAAs in these pa-
tients were measured using HPLC.
The dots represent the value from
each patient and the circles represent
the averages. **, p < 001, *, p <
0.05 vs healthy control.
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the phenotypes as described in Fig. 1. For the histogram figure, filled traces represent isotype-matched control Ab staining; open traces indicate a
marker-specific Ab; percentages indicate positive cells. Results are representative of five experiments from five different patients. B, We culwred
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* p < 0.05 vs AVal.

BCAA, especially valine, influenced the maturation of MoDC. Af-
ter we cultured the monocytes under AVal for 5 days, we added
400 nM/ml valine with stimulus to the medium and cultured the
cells for an additional 24 h. Then, the percentage of mature DCs
was higher than that of AVal. We cultured the monocytes under
CCM for 5 days, and with an additional 24 h under AVal, the
percentage of mature DCs was decreased compared with that of
CCM (data not shown).

Depletion of extracellular BCAA does not influence
MoDC viability

To elucidate the possibility that impaired MoDC maturation under
ABCAA or AVal was caused by decreased cell viability, we eval-
vated the cell recovery, yield of DCs, and viability on day 6 in each
medium. The cell recovery and yield of DCs was not significantly
different between any medium. The percentage of cells recovered
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was 54 * 8.4 (£8SD), 49 * 12.1,49 * 11.3, and 50 * 8.9 for the
CCM, ABCAA, AVal, and ALeu, respectively. The DC yield per-
centages were 57 £ 9.2, 56 + 10.4, 58 = 8.4, and 57 * 8.1 for
CCM, ABCAA, AVal, and ALeu, respectively. The viability of
MoDC on day 6 was determined by annexin V/PI staining. The
percentages of necrotic cells, living cells, and early apoptotic cells
were not different under any medium (Fig. 3).

BCAA, especially valine, modulated MoDC allostimulatory
capacity and cytokine production

Based on the result that MoDC maturation was suppressed by the
lack of extracellular BCAA, especially valine, we hypothesized
that the concentration of extracellular BCAA could influence the
function of MoDC. To investigate this hypothesis, we cultured
monocytes for 6 days under CCM, Zero, AVal, ALeu, Alle, and
ABCAA. The MoDC (5.0 X 10%) were cocultured with normal
allogeneic CD4* lymphocytes under CCM and evaluated for their
allostimulative capacity by the MLR. Expectedly, the allostimula-
tory capacity of MoDC cultured under ABCAA and AVal was
significantly impaired (p = 0.017, p = 0.012, Bonferroni’s anal-
ysis, respectively), although there was no significant difference
among ALeu, Alle, and CCM (Fig. 4A). There was no statistically
difference between AVal and ALeu (p = 1.000, Bonferroni’s anal-
ysis). Furthermore, to examine whether the addition of valine en-
hanced the function of MoDC, we cultured monocytes under var-
ious mediums that contained 0--800 nM/ml valine or leucine, and
evaluated the allostimulatory capacity of the MoDC. The addition
of valine increased the allostimulatory capacity of MoDC in a
dose-dependent manner. However, the concentration of leucine did
not influence the pharmacological effect (Fig. 4B). Cytokines play
key roles in determining the strength and the phenotypes of the T
cell response. Thus, on day 6, we measured the cytokine produc-
tion from MoDC. The addition of valine increased the IL-12 pro-
duction of MoDC in a dose-dependent fashion. Interestingly, the
IL-10 production was not influenced by the concentration of valine

(Fig. 40).

Depletion of extracellular valine down-regulated the mTOR/
S6K-signaling pathway of MoDC

The mTOR-signaling pathway, one of the most representative
pathways, is known as a major effecter of cell growth and prolif-
eration via the regulation of protein synthesis. A previous study
showed that the removal of extracellular amino acids, especially
leucine, inhibited the ability of mTOR to signal to p70 S6 kinase
(15-17). We hypothesized that BCAA modulate the mTOR/S6K-
signaling pathway of MoDC and influences the maturation mark-
ers. First, to investigate whether the mTOR/S6K inhibitor rapa-
mycin could influence the MoDC phenotype, we cultured
monocytes under CCM for 5 days. At day 5, LPS and TNF-a were
added to the medium with or without rapamycin (1 pM). Under
CCM with rapamycin, the percentage of CD147/CD83™ mature
DCs was lower than under CCM without rapamycin (Fig 5A4).
These data indicated that rapamycin could suppress the maturation
of MoDCs similarly as when depriving them of BCAA or valine.
Also, we recovered MoDCs cultured under CCM for 5 days, and
matured these MoDCs by stimulant in either CCM, CCM added
with rapamycin, AVal, ALeu, or Alle for 24 h. On day 6, we deter-
mined the expression of mTOR, p70 S6K, and phospho-p70 S6K by
immunoblotting. MoDC expressed similar levels of mTOR, p70 S6K,
and B-actin among all mediums. MoDCs cultured in AVal and ALeu
expressed significantly lower levels of phospho-p70 S6K than those
cultured in CCM (Fig. 5B). Expression of phospho-p70 S6K expres-
sion by MoDC in AVal was recovered by adding 400 nM/mi valine
to medium during stimulation.
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Elevating the extracellular valine concentration improved the
allostimulatory capacity and 1L-12 production dose-dependently
in MoDC from HCV cirrhotic patients

The functions of DCs are impaired in patients with chronic hep-
atitis C (28-30). As in the in vivo study, we measured the con-
centrations of BCAAs in the peripheral blood of 27 HCV cirrhotic
patients by HPLC. We confirmed that the plasma concentrations of
BCAAs were decreased along with the Child-Pugh grade (Fig. 6).
In Child-Pugh B or C patients, the concentrations of BCAA, es-
pecially valine, were significantly decreased compared with those
of healthy subjects. As in the in vitro study, we evaluated the
function of MoDC from HCV cirrhotic patients (Table T). First, we
determined the phenotype of MoDC from the patients and controls
(Fig. 7A). There was no difference regarding the percentage or
mean fluorescence intensity (MFI) of MoDC expressing CD14,
CD80, and CD86 between healthy volunteer and patients. How-
ever, the CD40, CD83, and HLA-DR expression by MoDC from
the patients was significantly decreased compared with healthy
volunteers (Table TV). Second, as shown in Fig. 4, we cultured
monocytes under the medium that contained 0—800 nM/ml valine
and evaluated the expression of CD83, cytokine production, and
allostimulatory capacity by MoDC. The addition of valine dose-
dependently increased the percentage of CD83%/CD14~ mature
MoDC in both healthy volunteers and patients (Fig. 7B). Regard-
ing the cytokine production, the addition of valine increased the
1L-12 production by MoDC in a dose-dependent manner, although
the IL-10 production was not influenced by the concentration of
valine in the culture medium (Fig. 7C). These tendencies were
similar to those in healthy controls. Regarding the allostimulatory
capacity, the values were maximum under 2.4 uM/ml valine, and
those of cirrhotic patients were lower than those of healthy con-
trols (Fig. 7D). In contrast, the allostimulatory capacities of MoDC
from nonviral cirrhotic patients were at the intermediate level be-
tween healthy controls and HCV cirrhotic patients (Fig. 7D).

Discussion :

In this study, we showed that BCAAs, especially valine, influenced
the function of MoDCs. Cultures of human MoDCs are typically
made in medium containing human or FCS supplements. Medium
that contains serum varies in its concentration of amino acids ac-
cording to each lot number, which can influence the phenotypes of
the cells and their functional properties. Thus, the current study
evaluated the concentrations of the amino acids strictly (details in
Matierials and Methods).

First, we found that depletion of extracellular BCAA did not
influence the expression of costimulatory molecules (CDA40,
CD80, and CD86) on MoDC, but decreased the CD83 expression.
Human CD83 is a 45-kDa glycoprotein which belongs to the Ig
superfamily. CD83 is expressed on MoDCs after stimulation with
inflammatory cytokines (26), and CD83 is considered as a matu-
ration marker. Although the function of CD83 is still unknown,
inhibition of CD83 expression by interfering with a specific RNA-
exporting pathway leads to a dramatic reduction of the DC-medi-
ated T cell stimulation (32). This study supports our hypothesis
that the impairment of the allostimulatory capacity of MoDC cul-
tured in medium deprived of valine was caused by the lower ex-
pression of CD83. We also found that during the generation of
MoDC, depletion of extracellular BCAA, especially valine, did not
influence the differentiation but impaired the maturation of MoDC.
Moreover, this phenomenon was accompanied by a suppression of
the mTOR/S6K-signaling pathways. Monti et al. (22) recently re-
ported that rapamycin-treated DCs were less capable of up-regu-
lating CD83 after exposure to CD40L. This observation partially
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supports our result, although the relation between mTOR/S6K signal-
ing and CD83 expression should be evaluated in future swdies. Al-
though the depletion of leucine is believed to suppress the mTOR/
S6K pathway in general, our study demonstrated that the depletion of
valine also suppressed P-S6K. This conflicting observation could
have resulted from differences in the cell sources evaluated.

We next showed that the addition of valine increased the TL-12
production by MoDC in a dose-dependent manner, and that the
IL-10 production was not influenced by the concentration of valine
in either healthy controls or patients. IL-12 is an IL that is naturally
produced by macrophages, B-lymphoblastoid cells, and DCs in
response to antigenic stimulation. It is involved in the differentiation
of naive T cells into Thl cells, which is important in the resistance to
foreign pathogens. IL-10 is naturally produced by monocytes and type
2 Th cells. Tt is believed to have important suppressive functions on
immune responses and also may be involved in the maintenance of
tolerance. Our results raised the possibility that clevating the extra-
cellular valine concentration could modulate Th1/Th2 differentiation
in both healthy subjects and patients. To examine this possibility, it
was necessary to coculture MoDC and naive CD4 T cells, and deter-
mine the phenotype of T cells and cytokine production. In addition,
we found that depriving extracellular valine decreased the IL-12 pro-
duction by MoDC with impaired mTOR/S6K signaling. In a previous
study, active S6K1 suppressed the PI3K-Akt pathway by inactivating
the insulin receptor substrate (33), whereas PI3K negatively regulated
IL-12 synthesis by DCs (34). These results permit us to speculate that
valine influences IL-12 production by MoDC through the PI3K/
mTOR/S6K pathway.

In this study, we found that an increased concentration of valine
could recover the impaired function of DCs in cirrhotic patients.
However, the degree of this improvement was very modest, which
lead to the speculation that persistent HCV infection itself could
suppress the function of DCs in such patients. The MoDCs from
hepatitis C patients have been previously reported by several stud-
ies (28-30), although their results regarding allostimulatory ca-
pacity or phenotype had been conflicting. Our results demonstrated
the decreased allostimulatory capacity and decreased expression of
CD40, CD83, and HLA-DR. In our series, the medium was serum-
free medium and the patients’ backgrounds were all cirrhotics.
This is similar to study by Auffermann-Gretzinger (28) in which
serum-free medium was used and had a more dominant cirrhotic
population. It seemed that the expression of CD83 is decreased in
either serum-free medium or progressed liver disease including
cirrhosis. However, the allostimulatory capacities of HCV-infected
cirrhotic patients tended to be lower compared with those of
non-B, non-C cirrhotics. This impaired DC function could be pos-
sibly due to HCV infection itself, although we have not proved this
hypothesis in the current study. We also found that the increase of
extracellular valine could increase the phenotype (CD83 expres-
sion), allostimulatory capacity and cytokine production in HCV
cirthotic patients. The allostimulatory functions of DCs were max-
imum at a considerably higher than physiological concentration in
both normal subjects and patients. However, the concentrations of
valine in either the liver, portal blood flow, or lymph nodes could
be higher than that in the peripheral blood. This issue should be
evaluated in future studies. Furthermore, the changes of this allo-
stimulatory capacity were most apparent at ranges near the phys-
iological concentration in peripheral blood. '

Recently, Osugi et al. (35) showed several differences between
MoDC and the myeloid DCs present in vivo. In contrast, mono-
cytes could differentiate into DCs in vivo (36-38). Further eval-
uations using circulating DCs will be needed to clarify this issue.
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As previously described in a review (8), BCAA are essential for
the synthesis of proteins required for cellular proliferation. How-
ever, little information is available regarding the immunologic ef-
fect of variations in the concentrations of BCAA at ranges that
might occur physiologically or pathophysiologically. In this study,
we have demonstrated that 1) depriving extracellular BCAA for 6
days does not influence the viability of MoDC, 2) depriving ex-
tracellular isoleucine did not decrease the allostimulatory capacity
of MoDC, 3) CD40, CD80, CD86, and HLA-DR molecules were
equally expressed in both CCM and ABCAA medium, 4) IL-10
production was not influenced by the extracellular valine concen-
tration, 5) mTOR signaling was associated with decreased DC
function in valine or leucine depletion.

These data suggest that BCAA are important for cell function
through a nutrient-sensitive signaling pathway rather than through
acting as substrates for various metabolic pathways and cell struc-
tures. Also, it is preferable to measure the intracellular concentra-
tion of amino acids, although their uptake was reported to be either
sodium dependent or independent (39). Finally, we need to clarify
why the depletion of valine itself caused a more potent inhibition
of the allostimulatory capacity compared with depletion of all
three components of BCAA.

In clinical situations, the administration of BCAA was reported to
increase the number of peripheral lymphocytes and improve oppor-
tunistic infections or immune functions (9, 10). Tn advanced cirrhosis,
long-term nutritional supplementation with oral BCAA has been
shown to be useful to prevent progressive hepatic failure and to im-
prove surrogate markers and the perceived health status (7). Our data
concerning immune functions provide the rationale for future nutri-
tion therapy, which could be beneficial to patients with cirrhosis.
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Abstract Although hepatocellular carcinoma (HCC) is
the liver cancer that requires repeated treatments because
of a high tendency for recurrence, few data have been
available about whether repeated treatments, including
those to reduce tumor mass, are effective in prolonging
survival. We retrospectively analyzed the effectiveness of
tumor-mass-reduction therapy for the prognosis of patients
with recurrent HCC. To analyze the effectiveness of vari-
ous modalities of therapies with a single criterion, we
defined a tumor-mass-reduction grade (TMRG), which was
retrospectively evaluated by dynamic CT or MRI. Grade A:
no evident HCC remains untreated; Grade B1: more than
50% of lesions are treated; and Grade B2: less than 50% of
lesions are treated. Subjects were stratified by Child-Pugh
classification and the number of admissions for HCC
treatment. In those classified as Child-Pugh A, a better
survival rate was obtained, depending on the degree of
TMRG from the first to the fifth admission (P < .01),
suggesting that these patients are endurable for repeated
therapies and benefit from the many sessions of treatment.
In those classified as Child-Pugh B, on the second to the
fifth admissions, survival rates showed statistical difference
depending on the TMRG (P < .01), which may suggest
that only a few sessions of treatment are meaningful. In
those classified as Child-Pugh C, any number of mass-
reduction treatment sessions did not improve the survival
rate.- In conclusion, repeated tumor-mass-reduction thera-
pies for recurrent HCC are most beneficial in Child-Pugh A
patients. Patients with Child-Pugh B who experience sev-
eral recurrence episodes and any patients with Child-Pugh
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C may benefit more from modalities other than tumor-
mass-reduction therapies.

Keywords Hepatocellular carcinoma -
Tumor-mass-reduction - Child-Pugh classification -
Hospitalization

Abbreviations
AFP Alpha-fetoprotein
CT Computed tomography

CTAP  CT during arterioportography
CTHA CT during hepatic arteriography
DCP des-gamma carboxy prothrombin
HCC Hepatocellular carcinoma

MRI Magnet resonance imaging
Introduction

Hepatocellular carcinoma (HCC) is the most common
malignant tumor in the liver, with high recurrence rates,
either as intrahepatic metastasis or multicentric carcino-
genesis [1-3]. In Japan, more than 90% of HCCs occur
from chronic liver diseases caused by hepatitis B or hep-
atitis C virus infection. Development of local ablation
methods such as radiofrequency ablation [4] and surgical
resection [S] has remarkably reduced the rates of local
recurrence, mainly adjacent to treated lesions. However,
despite these therapeutic developments, HCC recurs fre-
quently, because of multicentric carcinogenesis arising
from an already cirrhotic liver and also because of insuf-
ficient treatment, consequently requiring repeated therapy.

However, a more complete local ablation may not be
enough: for better outcome, the residual hepatic function
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should be maintained in a better state, because it can be the
other factor determining the prognosis [6, 7]. For example,
CLIP score, a new scoring system proposed by the Cancer
of the Liver Italian Program, shows that both the residual
hepatic function as evaluated by Child-Pugh score and
tumor factors, including tumor morphology, AFP levels,
and portal vein thrombosis, determine the prognosis
[8-10]. From this viewpoint, a dilemma exists; treatments
performed for HCC may influence, or even damage, liver
function to some extent, thus worsening the prognosis than
that without any treatments.

In spite of the fact that majority of HCC patients need
repeated treatments for recurrent diseases, the survival
benefit of such treatments, especially medical interventions
just to reduce tumor development, remains uncertain.
Moreover, many of the studies reported so far are some-
what impractical because in the clinical management of
HCC, we choose to combine various methods of treatments
to obtain the best results, and most studies address the
contribution of only a single modality or combined thera-
pies of a few modalities for prognosis {4, 11-14]. This lack
of data is partly due to the existence of a variety of ther-
apeutic options in the treatment of HCC, which
complicates analysis, and the ethical consideration when
dealing with patients whose lives are in jeopardy on
account of malignant diseases. '

However, regardless of the difficulty of analysis, we
need to obtain data to answer this unresolved question: Are
repeated treatments for HCC effective for the improvement
of prognosis? To answer this question, we retrospectively
analyzed 878 HCC patients in total admitted to Tohoku
University Hospital from 1989 to 2003. As discussed in
this article, our results support the idea that to treat
recurrent HCC, we need to consider the number of times
the patients were hospitalized and residual liver function.

Materials and methods
Study population

We enrolled 386 HCC patients who were admitted to To-
hoku University Hospital from December 1989 to
December 2003. Initially 320 patients were admitted to this
hospital for their first treatment of HCC, and then 66
patients were newly referred to this hospital for the treat-
ment of recurrent HCC. Most of patients experienced more
than one hospitalization (median: 2.0; range: 1-14) owing
to recurrence, so the total number of subjects who were
admitted to the hospital for the treatment of HCC were 878.
The diagnosis of HCC was performed by the combination
of dynamic CT (or dynamic MRI), and tumor markers
(AFP and DCP). Majority of patients who were diagnosed

or suspected as having HCC were rendered to hepatic
subtraction angiography (DSA), often to angio-CT (CTHA
and CTAP [15, 16] for a definite diagnosis. If a lesion was
difficult to be diagnosed as HCC by methods described
above, it was further evaluated histologically (16 cases).
Any subjects whose hepatic tumors are diagnosed as other
than HCC or who have extrahepatic metastases at the entry
were excluded from this study. The modalities of treatment
include transcatheter arterial embolization (TAE) [14, 17—
19], transcatheter arterial infusion (TAI) chemotherapy
[20-24], percutaneus ethanol injection (PEI) [25], perc-
utaneus microwave coagulation therapy (PMCT) [11],
radiofrequency ablation (RFA) [26-28], radiation therapy
(RT) [29-32], and hepatic resection [S]. No antiviral drugs
were given as an adjuvant therapy to any patient in this
study. Our principle in HCC treatment was to obtain an as
sufficient control of HCC lesions (represented as necrosis
or shrinkage of lesions) as possible and limiting the liver
damage accompanying treatments as much as possible. To
satisfy this principle, we chose either of these treatments or
several modalities in combination. If we could not achieve
complete necrosis because of the therapeutically difficult
location, multiple distribution, poor liver function, or a
poor general condition, we performed tumor-mass-reduc-

_tion therapies as suboptimum treatments to reduce tumor

growth, assuming that even such palliative treatments
could prolong survival. The endpoint of a series of com-
bination therapy in one hospitalization was determined
when all lesions were regarded to be completely treated,
when further curative treatments were difficult to perform
owing to technical difficulty, poor liver function, distant
metastasis, any serious complications, or poor performance
status. Thereafter, these subjects were discharged from the
hospital, and took a medical examination including
dynamic CT, dynamic MRI, abdominal ultrasonography, or
a blood test at least every 3 months as an outpatient at the
hospital. If new lesions emerged or insufficiently controlled
lesions developed during the follow-up periods, these
subjects were hospitalized again for the detailed medical
examination described above and received repeated treat-
ments with the same principle.

Study design

In general, evaluation was made retrospectively according
to the dynamic CT or dynamic MRI performed at least
1 month later from the last treatment in the previous hos-
pitalization. However, if possible to follow up, we referred
to any dynamic CT or MRI performed at any subsequent
points of time to detect local recurrence after an interval of
several months. Also, if available, we referred to an angio-
CT performed during subsequent hospitalization for
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confirmation of suspected lesions. With those concepts, we
defined a set of criteria for grading tumor-mass-reduction
as follows:

Grade A: No evident cancerous lesion remains untreated
after a series of treatments in one admission. In other
words, complete necrosis of all HCC lesions is regarded to
be obtained in this group, by evaluating all cross sections in
dynamic CT or MRI.

Grade B: Cancerous lesions remain untreated after a
series of treatments in one admission. This grade is cate-
gorized further into two subgroups, according to the
percentage of the treated volume compared to the pre-
treated volume. However, if appropriate, the largest cross
section of a lesion is preferably evaluated, because in many
cases the largest cross section could be regarded to repre-
sent the whole lesion.

Grade Bl: More than 50% of the lesions are estimated to
be treated.

Grade B2: Less than 50% of the lesions are estimated to
be treated.

If more than one HCC lesion exists, this categorization
is made by calculating the sum of all lesions. The sche-
matic demonstration of TMRG is illustrated in Fig. 1. For
instance, when a lesion was treated without an evident
viable lesion and no recurrent lesion appeared by any ret-
rospective evaluation, it was categorized as Grade A (the
best result in our classification). However, if a patient with
HCC was seemingly treated completely at discharge
despite microlesions being actually left untreated failing
detection, they were categorized as Grade Bl if these
unchecked lesions adjacent to the treated lesions became
manifest later. Thus only lesions that emerged adjacent to
the treated lesions were evaluated to be the local recurrence
due to insufficient therapy. Moreover, when a lesion could
not be completely treated owing to some reasons, but
residual viable lesion could be evaluated as less than 50%
of pretreated lesions, it was also categorized as Grade Bl
(not completely, but relatively well treated). When more
than 50% of pretreated lesions could not be treated, it was
categorized as Grade B2 (the worst result in our
classification).

Statistical analysis

For the analysis of baseline characteristics, the Kolmogo-
rov—Smirnov normality test was performed, and continuous
variables that show normal distribution were expressed as
mean + SD, then compared using the Student -test. Con-
tinuous variables that do not show normal distribution were
expressed as median, then compared by the Mann—Whitney
U test. Categorical variables were compared with the use of
the ¢* test. For these analyses, P values <0.05 were
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considered statistically significant. The survival of each
umor-mass-reduction grade (TMRG) was calculated by
the Kaplan—Meier method and the differences between the
curves were evaluated with the log-rank test. P values
<0.01 were used for statistical significance. All statistical
analyses were performed using StatView ver5.0.

Results
Baseline characteristics of subjects

A total of 320 subjects received therapy for the initial
occurrence of HCC (Table 1a). The average age at the
initial therapy was 63.3 £ 9.3 (range, 28-81). Overall, 386
patients were enrolled from December 1989 to December
2003, and the total number of subjects we analyzed in this
study was 878 (M:F = 594:284; mean age: 64.6 + 8.8)
(Table 1b). Among 386 patients, 198 patients died up to
December 2003 owing to the development of HCC
(n = 135), hepatic failure (n = 35), variceal bleeding
(n =11), insufficiency of other organs (n=16), or
unknown causes (n = 10). The etiology of background
liver disease was 69.5% of HCV infection, 17.0% of HBV
infection, 5.2% of HCV and HBV superinfection, 3.2% of
alcoholic liver injury, and 5.1% of other causes (Table 1b).
The distribution of residual liver function was Child-Pugh
A 68.6%, Child-Pugh B 29.5%, and Child-Pugh C 1.9%
(Table 1b). Median value for AFP was 61.6 ng/dl (range,
0-10%), and for DCP was 26.0 AU/ (range, 0-193,000)
(Table 1b). Median tumor size was 25.0 mm (range, 5—
190). Forty-four percent of patients had solitary tumor,
30.3% two or three tumors, 7.4% four or five tumors, and
18.4% more than five tumors (Table 1). Between subjects
at the initial treatment and the total subjects during the
whole course of treatment, age, tumor size, and survival
showed statistical significance, although other parameters
were statistically insignificant (Table la, b). Therapeutic
modalities we selected for recurrent HCC included 27
patterns (Table 2). The intervals of period between hospi-
talizations were almost in inverse proportion to the number
of times for hospitalization (Fig. 2), indicating that the
speed for recurrence was gradually accelerated.

The evaluation of prognosis of initial treatments
for the first occurrence of HCC

When subjects who received the initial treatment for the
first occurrence of HCC were stratified using the CLIP
score (Fig. 3a, b), each group of score showed better sur-
vival with the previous report in Japan or Italy [8-10],
suggesting that our strategy for HCC treatments was up to
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Fig. 1 Schema of the concept
of tumor-mass-reduction-grade
used in the current study
Grade A

Grade B1

Grade B2

the standard. Furthermore, when these patients were strat-
ified with the mass-reduction grade, each mass-reduction
group was discriminated well from each other with statis-
tical significance (P < 0.0001) (Fig. 4). The 1l-year
survival rates of Grade A, B1, and B2 patients were 98.4,
90.0, and 42.6%, respectively; the 3-year survival rates of
Grades A, Bl, and B2 were 76.6, 56.6, and 16.0%,
respectively; and the 5-year survival rates of Grades A, B1,
and B2 were 52.7, 23.7, and 10.0%, respectively (Fig. 3).
These analyses of the initial treatment show that this
grading system can function for evaluating the relationship
between the prognosis and the grade of mass reduction.

The relationship between prognosis and
tumor-mass-reduction therapy for recurrent HCC

On the basis of the evaluation performed above, we used
this system for the analysis of recurrent HCC. The number
of hospitalizations for treatment of HCC ranged from 1 to
14. We separated the subjects into three groups using
Child-Pugh classifications A, B, and C, and then analyzed
each category of patients according to the number of hos-
pitalizations to receive treatment for HCC. Since the
number of subjects who were categorized into strata of
more ‘than the eighth admission was too small to analyze,
we analyzed the strata of admission from the first to the
cighth admission. As Table 3 shows, in Child-Pugh A,
different grades of mass reduction brought significant dif-
ferences in survival (P < 0.01) from the first to the fifth
admission, suggesting that patients with Child-Pugh A are
endurable for repeated therapies and benefited from many
sessions of treatments without reducing their prognosis. In

or

At one

th after the tr

one month <
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O necratic lasion

no local recurrence thereatter

More than 50% of lesions is treated.
Some lesions remain untreated due
to technical difficulty.
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completely treated °

Less than 50% of lesions is treated.

Child-Pugh B, our analysis showed somewhat confusing
data, that is, biphasic statistical significance at the second
and fifth hospitalizations (P < 0.01). In Child-Pugh C, no
HCC treatment, regardless of curative or just tumor-mass-
reduction treatments, brought any statistical differences in
improving survival at any point of time, indicating that
reduction therapy is consistently meaningless in such
patients.

Discussion

Preceding this study, our clinical observation in treat-
ments of HCC had given us an impression that treatments
for recurrent HCC might not be always effective in view
of prognosis. Although some data were available regard-
ing the effectiveness of the initial therapy for HCC,
effectiveness of a single therapy or therapies in combi-
nation with a limited number of modalities [4, 11-13, 26,
33], little data have been available regarding if repeated
treatments for recurrent HCC and combined treatments
for the better control of HCC are effective in improving
prognosis. Furthermore, we observed that mere numbers
and distribution of HCC or residual liver function as
evaluated by Child-Pugh score etc. might not determine
the outcome of HCC therapy. We speculated that “repe-
ated sessions of HCC treatments” per se might worsen
prognosis or induce recurrence, although the accurate
mechanism for the aggravation of prognosis by this
“repeating” was nebulous. Actually, in our data, the
intervals between recurrences got shorter and shorter,
while the events of recurrence increased (Fig. 2). One
possible mechanism could be that during each session of

@ Springer

— 528 —



464

Hepatol Int (2007) 1:460-468

Table 1 Baseline
characteristics of subjects

Note: (a) Subjects who received
the initial treatments for the first
occurrence of HCC. (b) Total
subjects. Values are

mean + standard deviation
Abbreviations: DCP: des-
gamma carboxy prothrombin;
ICG R15: retention of
indocyanine green at 15 min

(a) n =320 (b)y n =878 P value

Age (mean + SD) 633+93 64.6 + 8.8 0.025#
Gender M/F 211/109 594/284 0.952
Etiology (%) HCV 71.9 69.5 0.101

HBV 19.0 17.0

HBV + HCV 45 5.2

Alcohol 29 32

Others 1.6 5.1
Number of treatments (median) 2.0 (1-14)
Tumor size (mm) (median) 30.0 (8-190) 25.0 (5-190) 0.001*
Number of tumors (%) 1 59.1 440 0.061

2,3 29.2 303

4,5 5.0 7.4

>5 6.6 18.4
Vascular invasion Yes/No 26/294 74/804 0.983
Child-Pugh class (%) A 69.7 68.6 0.875

B 28.8 295

C 1.6 1.9
Median survival time (months) 56.8 (2.5-157.1) 374 (1.0-157.1) <0.0001*
Alpha-fetoprotein (ng/dl) (median) 46.6 (0-10%) 61.6 (0-10% 0.059
DCP (AU/L) (median) 19.0 (0-193,000) 26.0 (0-193,000) 0.140
Total bilirubin (mg/dl) 13+0.6 1311 0.187
Serum albumin (mg/dl) 3.6+ 0.6 36 +06 0.922
Prothrombin activity (%) 79.1 £ 16.5 79.6 + 30.9 0.757
ICG R15 (%) 26.1 £ 145 274 +153 0.194
Aspartate aminotransaminase (IU/d1) 79.7 £ 455 76.8 +45.0 0.331
Alanine aminotransferase (TU/dl) 71.8 +46.2 66.4 + 45.8 0.070
Platelet count (10*/mm?) 112%59 10558 0.155
Alkaline phosphatase (IU/dl) 291 + 177 307 £ 172 0.147

*P < 0.05

therapy not only were the HCC lesions necrotized, but the
surrounding liver tissues were also injured, cumulatively
damaging liver functions. Although this possibility may
be applicable in some cases, it does not always seem to
be true, because our analysis showed that although in
some cases Child-Pugh classification changed, indicating
deterioration, in many cases, the scores did not change
during a course of repeated treatments. Only 16.5% of
subjects underwent changes in their grading. For example,
among 223 patients who were graded as Child-Pugh A at
the first treatment, 44 subjects underwent deterioration to
Grade B or C, at the following therapy. Eight among 90
Child-Pugh B patients at the first treatment underwent
deterioration to Grade C at the next occasion (data not
shown). Another possibility is that the therapeutic stimuli
may induce transformation of HCC, making it more
malignant and more resistant to therapies. Although this
speculation may not be always true, it may explain some
cases, because a study suggested that anoxia caused by
TAE induced Bcl-2 expression, which changed HCC cells
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more tolerant to apoptosis [34]. The other possibility is
that during HCC treatments, multiple microlesions or
precancerous lesions of HCC may be left untreated failing
detection that later develop into intractable lesions [1-3,
20]. In such cases, the probability of multicentric carci-
nogenesis may be increased if the period from the initial
onset of HCC becomes longer; the probability of intra-
hepatic metastasis of HCC with poorer differentiation
may be increased if each session of treatment leaves
viable cancer cells undetectable by medical examination.
Whatever mechanism is true, the data of repeated treat-
ments for HCC is urgently needed.

However, to address this subject, we confronted a
challenging situation. To begin with, we found that ran-
domized controlled trials (RCTs) were quite difficult to
conduct in our setting owing to ethical reasons. Those
patients whose life expectancy is limited on account of
malignant diseases do not dare to risk reducing their
chances of survival by participating in such studies,
because medical care is affordable for almost all patients in
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Table 2 Modalities of treatments performed for HCC

n (%)
Surgical resection 36 (4.1)
PEI 113 (12.9)
PEl, PMCT 16 (1.8)
PEL PMCT, RFA 2(0.2)
PEI, PMCT, TAE 1(0.1)
PEl, RFA 19 (2.2)
PEI, RFA, RT 1(0.1)
PEl, RFA, TAE 9 (1.0)
PEL RT 1(0.1)
PEI, TAE 134 (15.3)
PEI, TAE, RT 1(0.1)
PEI, TAI 6 (0.7)
PMCT 6 (0.7)
PMCT, RFA 1 0.1
PMCT, RFA, TAE 1 (0.1)
PMCT, TAE 8 (0.9)
PMCT, TAI 1 (0.1)
RFA 111 (12.6)
RFA, TAE 24 2.7)
RFA, TAI 2(0.2)
RT 5 (0.6)
RT, TAE 9 (1.0)
RT, TAE, TAI 4 (0.5)
RT, TAI 10 (1.1)
TAE 294 (33.5)
TAE, TAI 5 (0.6)
TAI 58 (6.6)
Total 878 (100)

Abbreviations: PEI, percutaneous ethanol injection; PMCT, percuta-
neous microwave coagulation therapy; RFA, radiofrequency ablation;
TAE, transcatheter arterial embolization; TAI, transcatheter arterial
infusion; RT, radiation therapy

(months)

18
J

16.5% 186

Number of treatment episodes (meant SD)

Fig. 2 Mean periods of time until the next hospitalization for
treatments of HCC

Japan. Therefore, although RCTs would have been the
most reliable way to assess this subject, we had to find a
way to analyze the effectiveness of HCC treatments in the
absence of controls.

Second, most studies that have attempted to analyze
treatments for HCC have been limited to the analysis of
only a single modality [11-13, 33]. However, in practice,
we treat HCC with modalities prudently combined because
it can usually better control HCC than does a single
modality. Thus, in a situation where data for survival are
lacking, our tentative goal has been to control HCC lesions
as completely as possible using available modalities, with
the expectation that such treatments improve survival.

Finally, because HCC is a cancer that frequently tends to
recur and needs to be treated repeatedly, our -practical
interest was not only the influence of the initial treatment
upon prognosis but also the total influence of repeated
therapy. Most previous reports, however, deal with the
prognosis when a modality is selected as an initial treat-
ment. Since actually an identical modality is seldom
selected consistently for one patient and various therapies
are selected for recurrent lesions, analysis becomes too
complicated.

Considering these situations, we took a step for the
analysis with the following concepts: (1) We analyzed not
only a single modality, but also treatments sequentially
combined to obtain the best control, performed during one
hospitalization. Such treatments include seven kinds of
monotherapy and 21 kinds of combination therapy
(Table 2). (2) We analyzed not only an initial treatment but
every repeated treatment performed at each hospitalization.
(3) We defined our original classification for evaluation of
HCC treatments in order to apply it commonly for all
single or combined treatments. To be evaluated as “a
sufficient therapeutic effect,” enough safety margin will be
usually necessary for PEI, RFA, etc.; sufficient deposit of
lipiodol completely covering the margin of tumors for
TAE; and complete disappearance of tumors for chemo-
therapy. However, when aiming to evaluate a variety of
therapeutic patterns, it was not feasible to apply these
criteria individually. Therefore, by making the best use of
retrospective analysis, we simply judged the effectiveness
of therapies by mainly focusing on recurrent lesions ret-
rospectively using our original evaluation system described
above.

In this study, we showed that both Child-Pugh classifi-
cation and number of times of hospitalization for HCC
therapy determine the effectiveness of mass reduction
therapy on the prognosis of HCC. This observation is also
true in view of tumor markers because regardless of dif-
ferent Child-Pugh grades, majority of patients underwent
decreases of AFP and DCP levels. Furthermore, additional
decrease of AFP and DCP levels tend to be acquired by the
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Fig. 3 (a) Survival curves for (a)
different CLIP scores in patients ! — are
who have undergone initial
treatments for the first
occurrence of HCC. Data for 8
two were excluded because of Median
missing values of AFP. (b) survival
Median survival of each CLIP El (months)
score T 61 85.7
E 60.1
S 39.7
2 200
2 a4 14.8
£
£
2
0 1 1] T 1 ) T ) T 1 T 1 T 1
0 12 24 36 48 60 72 8 96 108 120 132 144 156
No. of patient at risk Time (months)
CLIPO 93 85 55 30 13 0
o117 107 56 25 15 3
2 66 55 28 8 1 0
3 2 18 ] 4 3 0
4 16 10 6 t 0 0
Fig. 4 Survival curves for three |
different grades of tumor-mass-
reduction in patients who {a ———— TMRG A
received initial treatments for [
HCC (n = 320; log-rank test, P 4y NN T TMRG Bl
values <0.01 were considered | ‘t, ="' TMRG B2

statistically significant)

Probability of survival

Log-rank p<0.0001

No. of patient at risk

12 24 36 48 60 72 84 96 10R 120 132 144 156

Time (months)

TMBG A 256 236 138 64 28 2
Bl 43 35 12 4 3 3
B2 21 8 3 1 1 0

better TMRG (data not shown). In Child-Pugh A, up to the
fifth hospitalization, better prognosis was achieved in
proportion to grades of mass reduction, but in subsequent
hospital admissions, attempts for mass reduction did not
make any difference in the prognosis. In Child-Pugh B,
rather confused results were obtained; only at the second
and fifth admission, TMRGs showed statistical significance
in prognosis. The reason that there was no statistical dif-
ference on the first admission of Child-Pugh B patients
may be that a good survival rate was achieved even by the
B2 grade of treatment (Table 2). In the majority of these
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patients, Child-Pugh grade was maintained at the same
level without worsening into C after therapy. This obser-
vation may indicate, that good survival can be achieved by
therapy that does not damage liver function even if the
TMRG is not so satisfactory. On the other hand, although
the precise reason why Child-Pugh B patients on the fifth
admission showed statistical significance is unclear, it may
be explained simply by the lack of analyzed subject.

We emphasize that the number of times for hospital-
ization indicated in this study is neither universal nor
absolute, so some differences will exist from institute to
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me(‘ysanAds;:r‘i/l?\::;l;ttr):ttivg:;nby Child-Pugh A Child-Pugh B Child-Pugh C
Child-Pugh classification and No. TMRG n MS P value n MS P value n MS P value
the frequency of treatments
1 A 177 751 <0.0001* 76 57.7 0.065 3 373 0.1159
Bl 30 46.5 12 255 1 20.0
B2 16 8.6 4 36.1 1 13.9
2 A 112 54.4 0.0020%* 43 344 <0.0001* 2 19.2 0.1573
Bl 26 247 11 20.2 1 10.7
B2 3 9.6 3 3.0
3 A 62 429 <0.0001* 25 30.1 0.0737 2 2.2 0.1387
Bi 18 26.1 9 255 1 9.9
B2 7 6.2 4 7.8 3 49
4 A 36 426 0.0020* 13 342 0.0772 0 0.8084
Bl 14 14.1 10 12.9 2 49
B2 2 9.5 1 12.0 1 6.4
5 A 21 39.6 <0.0001* 11 237 <0.0001*
B1 11 31.8 8 13.8
B2 6 74 ] 1 55
6 A 14 39.6 0.1795 3 15.6 0.0125
Bl 6 332 7 14.2
B2 2 6.7 2 58
7 A 8 26.1 0.8072 0 0.9189
B1 8 19.6 6 9.2
B2 2 9.5 1 13.0
Abbreviations: No., number of 8 A 3 326 0.7820 0 0.3173
hospitalization; TMRG, tumor- B1 3 18.2 1 4.7
mass-reduction grade; MS, B2 2 18.2 1 42

median survival (months)

institute. Also we admit that our study fundamentally has
limits in terms of analytical methods. One limit is that this
“study is a nonrandomized retrospective analysis. The other
limit is that we do not have any data of natural history.
Without the data of no treatment, we cannot exactly decide,
which grade of mass reduction can improve prognosis
compared to that of no treatment or just a symptomatic
treatment. Regardless of these limits, however, an
unchangeable advantage of this analytical method is, that if
there is no statistical difference between the various grades,
it can be demonstrated that any attempts for mass reduction
will fail to improve prognosis.

Despite these relations or limits, our analysis seems to be
presenting important suggestions. In Child-Pugh A, many
occasions of hospitalization for HCC therapy seem to be
endurable (in our institute, they were up to five) and can be of
benefit for prognostic improvement by more curative treat-
ments; in Child-Pugh B, only initial few occasions of
hospitalization for HCC therapy may be beneficial; in Child-
Pugh C, any therapeutic attempts are useless. For the better
prognosis of HCC patients with Child-Pugh B, it may be crucial
to administer new modalities including liver transplantation as
early as possible, while the same strategy is alsorelevant for any

HCC patients with Child-Pugh C. Comparing with our data,
which addressed repeated treatments by various modalities in
combination, further studies are warranted, including the
analysis of survival benefit due to liver transplantation.
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