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months. The absence of lamivudine resistance was defined
by no detection of the rtM204V/I substitution as measured
by the PCR-enzyme linked minisequence assay (ELMA)
(Sumitomo Metal Industries) [20] for 33 patients, or by the
lack of virological breakthrough as judged by more than 1
log increment in HBV DNA from the nadir for the
remaining 11 patients. All of the 44 patients switched to
0.5 mg/day of entecavir administration. After the begin-
ning of entecavir treatment, liver function tests and HBV
markers were measured at 1- to 2-month intervals. When
virological breakthrough was observed during follow-up,
entecavir-resistance-associated mutations were examined
by means of a PCR-direct sequencing method. The follow-
up period of entecavir treatment ranged from 10 to 23
(median 20) months.

Baseline characteristics of the patients

At the commencement of switching treatment to entecavir,
the 28 males and 16 females were aged 33-79 (median 59)
years. Seventeen patients (39%) tested positive for hepatitis
B e antigen (HBeAg), and antibody against HBeAg (anti-
HBe) developed in all of the 27 HBeAg-negative patients.
Among the 27 HBeAg-negative patients, four achieved
HBeAg clearance during the preceding lamivudine treat-
ment. HBV DNA at baseline varied among patients from
<2.6 to 5.2 logcopies/ml. The baseline ALT ranged from
11 to 78 (median 25) IU/L. Regarding the liver diseases of
the patients, 27 (61%) showed features of chronic hepatitis,
11 (25%) of liver cirrhosis and six (14%) of hepatocellular
carcinoma (HCC) according to liver biopsy and/or
abdominal imaging procedures. HBV genotype was
examined for 14 patients, and all of them had HBV
genotype C, the most predominant genotype in Japan.
Informed consent was obtained from all patients.

Serological and virological markers of HBV

HBsAg, HBeAg and anti-HBe were determined by
chemiluminescent immunoassay. HBV DNA was mea-
sured by the PCR-based method (Amplicor HBV monitor,
Roche Diagnostics) whose lower detection limit is
2.6 logcopies/ml. Lamivudine-resistant 1tM204V/I substi-
tution was examined by the PCR-ELMA method (Sumi-
tomo Metal Industries) (20), which is capable of detecting
the mutant virus in a mixed viral population if it is present
at more than 10% of the total population. The entecavir-
resistance-associated substitutions and HBV genotype were
determined by a PCR-direct sequencing method. As for
oligonucleotide primers for PCR reaction, the outer primer
sets were BF5 (5'-AAG AGA CAG TCA TCC TCA GG-3,
nt 3183-3202) and BR1s (5-AAA AAG TTG CAT GGT
GCT GG-3/, nt 1825-1806), and the inner primer sets were
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BF6 (5'-CCT CCA ATT TGT CCT GGC TA-¥, nt 350-
369) and BR8 (5'-TTG CGT CAG CAA ACA CTT GG-3,
nt 1195-1176). After DNA extraction, the DNA sample
was subjected to the PCR reaction for 35 cycles (denatur-
ation at 94°C for 1 min, annealing at 55°C for 1 min and
extension at 72°C for 2 min) using the inner primer set,
followed by a final extension at 72°C for 10 min. If
amplification was not successful by the single PCR reac-
tion, the nested PCR was conducted; the first round PCR
was done using the outer primer sets for 35 cycles, and the
aliquot of the product was used for the second round PCR:
for 30 cycles using inner primer sets. All sequencing
reactions of the PCR products were carried out using the
BigDye Terminater Ver. 3.1 Cycle Sequencing Kit, and
3100 or 3730 Genetic Analyzer (Applied Biosystems),
which allowed determination of the amino acid sequences
of rt85-344. For determining the HBV genotype, nucleotide
sequences obtained in each of the patients were aligned
along with representative HBV strains of genotype A-H,
and a phylogenetic tree was constructed in the homepage of
DNA Data Bank of Japan (hitp://www.ddbj.nig.ac.jp).

Statistical analysis

Statistical analysis for group comparison was performed by
Fisher’s exact probability test and Mann-Whitney’s non-
parametric U test using the SPSS version 15.0J software
(SPSS Inc, Chicago, IL). A p value of less than <.05 was
considered to be significant.

Results

Classification of patients who underwent
lamivudine-to-entecavir switching treatment
according to baseline HBV DNA

The 44 CH-B patients who underwent the switching
treatment from lamivudine to entecavir were first classified
according to their baseline HBV DNA at the commence-
ment of entecavir administration. HBY DNA was not
detectable (<2.6 logcopies/ml) in 31 patients (70%) at
baseline. Seven patients (16%) had baseline HBV DNA of
2.6-<4.0 logcopies/ml. In the remaining six patients
(14%), the baseline HBV DNA was >4.0 logcopies/ml.
When patient clinical characteristics were compared
among the three patient groups (Table 1), nine (29%) of the
31 patients with baseline HBV DNA <2.6 copies/ml tested
positive for HBeAg at the commencement of switching
treatment to entecavir, compared with five of the six (83%)
patients with baseline HBV DNA >4.0 copies/ml
(p < .05). Gender ratio, age, ALT at baseline, liver disease,
duration of the preceding lamivudine treatment and
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Table 1 Patient clinical characteristics and the therapeutic efficacy in 44 CH-B patients in relation to their baseline HBV DNA

Baseline HBV DNA

<2.6 logcopies/ml 2.6-<4.0 logcopies/ml >4.0 logcopies/ml

(n=31) =1 n=6)
At the commencement of switching treatment to entecavir
Gender (male/female) 19/12 52 4/2
Age (years) 60 (35-79)* 65 (41-69) 55 (33-65)
HBeAg (positive/negative) 9/22 3/4 5/1°
HBV DNA (logcopies/ml) <2.6 3.1 (2.6-3.6)° 4.6 (4.0-5.2)°¢
1tM204V/I mutation (absence/NT) 23/8 52 5/1
ALT (1U/) 25 (11-64) 31 (13-46) 20 (17-78)
Chronic hepatitis/cirrhosiss/HCC 197715 4/2/1 4/2/0
Follow-up period of entecavir treatment (months) 19 (10-23) 19 (10-22) 20 (16-22)
The rate of undetectable HBV DNA level during follow-up 31 (100%) 7 (100%) 3 (50%)°
Emergence of entecavir-resistance during follow-up 0 (0%) 0 (0%) 1 (17%)
At the commencement of preceding lamivudine treatment
HBeAg (positive/negative) 12/19 4/3 5/1
HBV DNA (logcopies/ml) 6.5 (4.3-7.69 6.6 (6.2-7.69) 7.6¢(5.9-7.69
Duration of preceding lamivudine treatment (months) 15 (6-73) 10 (7-42) 9 (8-32)

NT not tested

# Values are expressed as median (range)

b p < .05 versus baseline HBV DNA <2.6 logcopies/ml group

€ p < .01 versus baseline HBV DNA <2.6 logcopies/ml group

9 p < .01 versus baseline HBV DNA of 2.6-<4.0 logcopies/ml group

follow-up period of entecavir treatment did not differ
among the three groups. Also, there was no significant
difference in HBV DNA and the frequency of positive
HBeAg at the commencement of preceding lamivudine
treatment among them.

Antiviral efficacy and drug resistance in lamivudine-
to-entecavir switching treatment in relation
to baseline HBV DNA

Next, we investigated serial changes in HBV DNA after the
switch from lamivudine to entecavir treatment in CH-B
patients in relation to the baseline HBV DNA. All 31
patients with baseline HBV DNA <2.6 logcopies/ml
maintained undetectable HBV DNA during the follow-up
period of entecavir treatment. Figure 1 shows the longitu-
dinal evaluation of HBV DNA during the switching treat-
ment to entecavir in patients with a detectable level of
baseline HBV DNA. In patients having baseline HBV
DNA of 2.6-<4.0 logcopies/ml (Fig. {a), all of the seven
patients achieved sustained undetectable HBV DNA during
follow-up, although HBV DNA was transiently detected in
one patient. As for patients having baseline HBV DNA
>4.0 logcopies/ml (Fig. 1b), three (50%) of the six patients
achieved sustained undetectable HBV DNA during
follow-up. In two patients, HBV DNA was not cleared

entirely, but declined to 2.9 and 2.7 logcopies/m! at month
18, respectively. In sequencing analysis at that time, the
former patient had the lamivudine-resistant rtM204I sub-
stitution, although it was not detected by the PCR-ELMA
assay at the start of entecavir treatment. The latter patient
had no drug resistance-associated substitutions. In the sixth
patient, HBV DNA decreased initially, but virological
breakthrough was seen at month 15. The entecavir-resistant
virus was detected after virological breakthrough. The
detailed disease course of the entecavir-resistant patient is
described below. As for the relationship of baseline HBV
DNA to the frequency of undetectable HBY DNA, HBV
DNA was cleared more frequently in patients with baseline
HBV DNA <2.6 logcopies/ml than in those with baseline
HBV DNA >4.0 logcopies/ml (100 vs. 50%, p < .01)
(Table 1).

Serial changes in ALT during lamivudine-to-entecavir
switching treatment were further examined. Among the 31
patients with baseline HBV DNA <2.6 logcopies/ml, the
baseline ALT was within the normal range (<40 IU/l) in
27 patients, 24 of whom showed sustained ALT normali-
zation during follow-up. In the remaining three patients,
ALT became slightly abnormal (<60 1U/1) during follow-
up. As for four patients with abnormal baseline ALT, the
level was normalized in three, whereas a slight elevation of
ALT (<60 IU/l) continued in one during follow-up.
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Fig. 1 Changes in HBV DNA after commencement of switching
treatment from lamivudine to entccavir in CH-B patients with
baseline HBV of (a) 2.6-<4.0 logcopies/ml and (b) >4.0 logcopies/
ml. The black arrow indicates the time point of virological
breakthrough

Among the 13 patients having a detectable level of baseline
HBV DNA, five patients (three with baseline HBV DNA of
2.6-<4.0 logcopies/m! and two with baseline HBV DNA
>4.0 logcopies/ml) had abnormal ALT at baseline but
showed ALT normalization during follow-up. In the
remaining eight patients, ALT continued to be normal from
the beginning of entecavir treatment.

Disease course of the CH-B paticnts showing
entecavir-resistance during lamivudine-to-entecavir
switching treatment

The disease course of the entecavir-resistant patient is
shown in Fig. 2. This patient was a 33-year-old HBeAg-
positive male, whose liver biopsy showed features of
chronic hepatitis. He underwent the preceding lamivudine
treatment for 8 months, HBY DNA decreased from >7.6 to
4.6 logcopies/ml, and ALT was normalized during the
lamivudine therapy. The rtM204V/l substitution was not
detected before the switch to entecavir treatment by the
PCR-ELMA analysis. After the commencement of ente-
cavir treatment, HBV DNA was cleared at month 5.
However, virological breakthrough was seen at month 15,
and HBV DNA was further increased to 6.1 logcopies/ml
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at month 18. The sequencing analysis at month 18 revealed
the rtM204V, rtL180M and rtS202G substitutions. Two
additional substitutions, rtL267M and rtQ316H, were also
found, when the amino acid sequences were compared with
three representative genotype C HBV isolates (Genbank
accession nos. V00867, X01587 and D00630) [21-23].
Breakthrough hepatitis was not evident after the emergence
of entecavir-resistant mutant virus. The sequencing analy-
sis also revealed that he was infected with HBV of geno-
type C.

Discussion

Entecavir treatment has been shown to exhibit more pow-
erful antiviral efficacy and less frequent drug resistance
than lamivudine treatment in nucleos(t)ide analog-naive
CH-B patients [14, 13, 17]. Entecavir is also cffective in
patients showing lamivudine resistance during the preced-
ing lamivudine treatment, but its efficacy is limited due to
the higher incidence of entecavir-resistance, compared with
nucleos(t)ide analog-naive ones [16, 17]. This is because
entecavir-resistance is established based on two lamivu-
dine-resistant substitutions, rtM204V and rtL180M, and
additional mutation(s) occurring at rt184, rt202 and/or
11250 [18]. A considerable number of CH-B patients
remain under continuous lamivudine treatment, while the
lamivudine-to-entecavir switching treatment could yield a
practical benefit. The switching treatment may be more
promising for patients before the appearance of lamivudine
resistance than after its development. In the present study,
we investigated the efficacy of lamivudine-to-entecavir
switching treatment in CH-B patients without apparent
evidence of lamivudine resistance during the preceding
lamivudine treatment,

We evaluated the antiviral efficacy of the switching
treatment to entecavir in relation to the baseline HBV DNA
at the commencement of the entecavir administration. In all
patients having baseline HBV DNA <2.6 logcopies/ml,
who revealed a good response to the preceding lamivudine
treatment, HBV DNA continued to be undetectable during
the switching treatment to entecavir. Also, all patients
having baseline HBV DNA of 2.6-<4.0 logcopies/ml
achieved sustained undetectable HBV DNA during the
follow-up period of entecavir treatment. Among six
patients having baseline HBV DNA >4.0 logcopies/ml,
who did not respond well to the preceding lamivudine
treatment, HBV DNA was cleared in three during follow-
up. Its reduction by up to 3.0 logcopies/m} was seen in two
additional cases without emergence of the entecavir-resis-
tant virus, Thus, the antiviral efficacy of the lamivudine-to-
entecavir switching treatment was exhibited in almost all
CH-B patients in parallel with that of the preceding
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lamivudine treatment. In addition, the switching treatment
to entecavir tended to yield a greater decrease in HBV
DNA than the preceding lamivudine treatment. These
results indicate that the switch from lamivudine to ente-
cavir may be generally recommendable compared with
continuation of lamivudine administration in CH-B
patients without evidence of lamivudine resistance.

In this study, one of the six patients having baseline HBV
DNA >4.0 logcopies/ml showed entecavir-resistance dur-
ing the switching treatment to entecavir. It was probably due
to the existence of an extremely small amount of lamivudine-
resistant virus mixed with a predominant wild-type virus,
which could not be detected by the sensitive PCR-ELMA
assay at the start of the switch to entecavir treatment. It is
speculated that, during entecavir treatment, the lamivudine-
resistant virus having rtM204V and rtL.180M substitutions
may become predominant with time, followed by the
establishment of entecavir-resistant virus via the additional
rtS202G substitution. Compared to the low incidence of drug
resistance in entecavir treatment for nucleos(t)ide analog-
naive CH-B patients [17], the entecavir-resistance may occur
more frequently in the lamivudine-to-entecavir switching
treatment for patients without evidence of lamivudine
resistance. In particular, patients who do not achieve a good
response to the preceding lamivudine treatment are specu-
lated to have a higher risk for the development of entecavir-

L R L
resistance in the switching treatment to entecavir, although it
should be verified by further studies.

In conclusion, in CH-B patients receiving the continuous
lamivudine treatment, it may be recommendable to switch to
entecavir treatment before the appearance of lamivudine
resistance. It may contribute to reducing the subsequent
emergence of drug resistance. However, great care should be
taken with respect to the emergence of entecavir-resistant
virus after the switch to entecavir treatment, especially in
patients who do not respond well to the preceding lamivu-
dine treatment. Our retrospective study with a small number
of patients and a short duration of follow-up cannot draw a
definite conclusion but still provides some information about
the clinical possibilities of the lamivudine-to-entecavir
switching treatment. Further detailed investigation with a
larger number of patients and a longer follow-up period may
offer better understanding.
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Kamada Y, Yoshida Y, Saji Y, Fukushima J, Tamura S, Kiso
S, Hayashi N. Transplantation of basic fibroblast growth factor-
pretreated adipose tissue-derived stromal cells enhances regression
of liver fibrosis in mice. Am J Physiol Gastrointest Liver Physiol
296: G157-G167, 2009. First published December 4, 2008;
doi:10.1152/ajpgi.90463.2008.—Adipose tissue-derived stromal cells
(ADSC) potentially differentiate into various cell types similar to
bone marrow-derived mesenchymal stromal cells (BMSC). Unlike
BMSC, ADSC can be harvested easily and repeatedly. However, the
advantages of ADSC for cell transplantation in liver disease remain
unclear. To investigate this, we developed a novel culture system for
ADSC, as well as effective methods for transplantation of ADSC into
mice liver. ADSC were isolated from subcutaneous adipose tissues of
male C57BL6/J mice and cultured on plastic dishes with or without
basic fibroblast growth factor (bFGF). In the in vivo study, ADSC
isolated from green fluorescent protein-transgenic mice were trans-
planted into carbon tetrachloride-injured C57BL6/] mice liver. bFGF-
treated ADSC expressed several liver-specific marker genes and
demonstrated liver-related functions such as albumin secretion, gly-
cogen synthesis, urea production, and low-density lipoprotein uptake.
Importantly, pretreatment of ADSC with bFGF for 1 wk enhanced the
repopulation rate of ADSC in mice liver, attenuated liver fibrosis, and
restored normal serum alanine aminotransferase and albumin levels.
The results indicate that basic FGF facilitates transdifferentiation of
ADSC into hepatic lineage cells in vitro and that transplantation of
bFGF-pretreated ADSC reduced hepatic fibrosis in mice. ADSC are a
potentially valuable source of cells for transplantation therapy.

hepatic lineage cells; basic FGF; cell transplantation; transdifferentia-
tion; a-smooth muscle actin

LIVER TRANSPLANTATION IS one of the most effective treatments
for end-stage liver disease. However, a shortage of suitable
donor organs and the requirement for immunosuppression
restrict its application. Effective therapies to replace liver
transplantation are clearly needed.

Recent studies indicated that bone marrow-derived mesen-
chymal stromal cells (BMSC) can transdifferentiate into adi-
pogenic, osteogenic, chondrogenic (24), neurogenic (35), myo-
genic (10), and hepatogenic (18, 23, 26, 28) cells under
prescribed conditions. Mesenchymal stromal cells can be iso-
lated from several organs including fetal tissue (6), umbilical
cord blood (5), and adipose tissue (37). Adipose-derived stro-
mal cells (ADSC) are similar to BMSC (8, 34), in that both
have limited self-renewal ability and can be induced to various
mesenchymal tissues and cells including those of hepatic
lineage (4, 13, 37). Furthermore, unlike BMSC, ADSC can be
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repeatedly harvested by a simple and minimally invasive
method and can be easily cultured (29). These characteristics
are clear advantages of ADSC, making them potentially supe-
rior to BMSC as a cell transplantation source.

Basic fibroblast growth factor (bFGF) is essential for initi-
ating liver development (15). We demonstrated previously that
bFGF promotes the transdifferentiation of bone marrow cells
into hepatic lineage cells in vitro (26). Ishikawa et al. (14) also
reported that bFGF facilitates the differentiation of bone mar-
row cells into hepatic lineage cells in vivo. Thus we reasoned
that ADSC could be differentiated into hepatic lineage cells in
the presence of bFGF both in vitro and in vivo.

This study developed a primary culture system for mouse
ADSC, secking to differentiate ADSC into hepatic lineage
cells in vitro using bFGF. We also investigated the hepatogenic
transdifferentiation ability of ADSC in vivo using the carbon
tetrachloride (CCly)-induced liver-injury mouse model.

MATERIALS AND METHODS

Reagents. Human hepatocyte growth factor (HGF) was provided by
Sumitomo Pharmaceuticals (Osaka, Japan). Human bFGF was pur-
chased from Invitrogen (Carlsbad, CA). Human oncostatin M (OSM)
was purchased from Genzyme/Techne (Minneapolis, MN). Dimethyl
sulfoxide (DMSO) was purchased from Wako Pure Medical (Tokyo,
Japan). Knockout serum replacement was purchased from GIBCO-
BRL (Grand Island, NY). Primary antibodies were obtained as fol-
lows: anti-mouse albumin (goat polyclonal) from Bethyl (Montgom-
ery, TX), anti-human cytokeratin 18 (CK18) (mouse monoclonal)
from Sigma (St. Louis, MO), anti-green fluorescent protein (GFP)
(rabbit polyclonal) from Medical & Biological Laboratories (Tokyo),
anti-alpha smooth muscle actin (a-SMA) (mouse monoclonal) from
Dako (Kyoto, Japan), and anti-glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) (rabbit polyclonal) from Trevigen (Gaithersburg,
MD). Secondary antibodies (Alexa 488-conjugated donkey anti-goat
IgG, Alexa 594-conjugated goat anti-rabbit IgG, and Alexa 594-
conjugated goat anti-mouse IgG) were purchased from Molecular
Probes (Eugene, OR).

Isolation and culturing of ADSC. C57BL/6J mice were purchased
from Clea Japan (Tokyo), and the C57BL/6-Tg(CAG-EGFP)C15-
001-FJ0010sb mice were kindly provided by Dr. Masaru Okabe
(Genome Information Research Center, Osaka University, Osaka,
Japan). ADSC were collected from the subcutaneous adipose tissue of
12-wk-old male C57BL/6] mice or C57BL/6-Tg(CAG-EGFP)CI1S-
001-FJ0010sb mice as described previously (21). Briefly, subcutane-
ous adipose tissues were isolated from mice, minced into fine pieces
in phosphate-buffered saline (PBS) containing antibiotic-antimycotic
solution (Sigma), and incubated in Dulbecco’s modified Eagle’s
medium (DMEM) containing 1 mg/ml collagenase type II and anti-

The costs of publication of this article were defrayed in part by the payment
of page charges. The article must therefore be hereby marked “advertisement”
in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
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Fig. 1. A: expression of growth factor receptor
genes in adipose tissue-derived stromal cells
(ADSC). RNA was extracted from mouse
ADSC (second passages). The mRNA expres-
sion levels of FGF receptor-1 (FGFR1), on-
costatin M (OSM) receptor (OSMR), c-Met,
gp130, and GAPDH were determined by RT-
PCR. Mouse liver was used as a positive con-
trol. Representative results of 3 experiments
with similar findings. B: morphological changes
in ADSC during differentiation. ADSC were
cultured in basic medium containing 20 ng/mi
basic FGF (bFGF), Initial fibroblast-like ADSC
(a) gradually changed to hepatocyte-like polyg-
onal cells at day 9 (b), day 17 (¢), and day 28 (d)
after differentiation.  Original magnification
X100. C and D: expression of liver-specific
genes in ADSC cultured with various growth
factors. C: ADSC cultured with bFGF for 2 wk
expressed alpha fetoprotein (AFP), albumin,
cylokeratin 18 (CK18), cytokeratin 19 (CK19),
and  phosphoenolpyruvate  carboxykinase
(PEPCK). ADSC cultured with the combina-
tion of HGF, OSM, and DMSO for 2 wk
showed no hepatocyte-marker gene expression.
D: ADSC cultured with bFGF for 4 wk ex-
pressed albumin, CK18, CK19, PEPCK, and
transthyretin (TTR). ADSC cultured with the
combination of HGF, OSM, and DMSO for 4
wk also induced hepatocyte-marker gene ex-
pression. Representative results of 3 experi-
ments with similar findings.
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Fig. 2. Quantitative albumin gene expression and albumin synthesis in ADSC.
ADSC were cultured on plastic dishes without or with bFGF (20 ng/ml) for 2
or 4 wk (2W and 4W, respectively). A: albumin gene expression in ADSC was
quantified by real-time PCR. The expression level gradually increased over
time in the presence of bFGF. Expression levels in the liver were used as a
positive control. Three wells were analyzed for each condition in 2 different
experiments. B: albumin production by ADSC cultured with bFGF was
significantly higher than for control cells (absence of growth factors) (n = 6).
Three wells were analyzed for each condition in 2 different experiments. Data
are means * SE.

albumin (ug/dish)

biotic-antimycotic solution at 37°C for 30 min. The tissues digests
were filtered thorough sterile 250-pm nylon mesh, centrifuged at 600
g for 5 min, and resuspended; this process was repeated twice, ADSC
were seeded onto culture dishes with DMEM/10% fetal calf serum
(FCS) containing antibiotic-antimycotic solution. In this study,
C57BL/6J mice ADSC were used for in vitro studies, and GFP-
positive ADSC were used for the in vivo experiments.

Hepatogenic differentiation. ADSC second passages were plated
onto plastic dishes in medium (DMEM supplement with 10% Knock-
out serum replacement, L-glutamine, MEM nonessential amino acids
solution, antibiotic-antimycotic solution, and with or without growth
factors; 20 ng/ml). The growth factors used were bFGF or the
combination of HGF, OSM, and 0.1% DMSO added to the media on
the 10th day after differentiation. Culture media were replaced twice
a week.

RNA extraction and RT-PCR analysis. Total RNA was extracted
from cultured ADSC by using Sepasol-RNA I (nacalai tesque, Osaka,
Japan) according to the instructions provided by the manufacturer.
RT-PCR was performed using a Gene Amp RNA PCR kit (Applied
Biosystems, Branchburg, NI). PCR conditions were as follows: hot
start for 5 min at 95°C, 40 cycles at 95°C for 15 s, 60°C for 15 s, and
72°C for 1 min. The sequences of the primers used in this study are
available on request, Real-time PCR was performed on a LightCycler
as described previously (16). Primers used in real-time PCR were
obtained from Qiagen (Hilden, Germany).

Immunocytochemistry. ADSC were fixed with 4% paraformalde-
hyde at room temperature for 10 min, followed by incubation with

G159
blocking solution comprising PBS and 5% host serum (goat and
donkey) for 30 min. The cells were allowed to react with primary
antibodies [albumin (1:500), CK18 (1:500)] at room temperature for
1 h and then with secondary antibodies and DAPI (1:5,000) at room
temperature for 30 min. Cells were washed with PBS between each
step.

Immunohistochemistry and picrosirius red staining. After deparaf-
finization, the sections were allowed to react with primary antibodies
{GFP (1:500), albumin (1:500), a-SMA (1:50)] at room temperature
for 1 h and then with secondary antibodies and DAPI at room
temperature for 30 min. Specimens were washed with PBS between
each step. Picrosirius red (Sigma) staining was used to detect collagen
fibrils. The area of fibrosis stained by picrosirius red was quantified by
using Adobe Photoshop (Adobe Systems, San Jose, CA).

Iinmunoblotting. Immunoblotting was performed as described pre-
viously (19), using antibodies against a-SMA (1:500 dilution) and
GAPDH (1:2,000).

Evaluation of serum ALT and albumin levels. Mice serum alanine
aminotransferase (ALT) levels were measured by using a Wako
Transaminase ClI-Test kit. Serum albumin levels were measured by
using an Albumin kit (Wako Pure Medical, Tokyo, Japan), following
the protocol supplied by the manufacturer.

Albumin secretion and urea production by ADSC. ADSC were
cultured in dishes as described above, in the absence and presence of
bFGF. The culture medium was replaced twice a week. Samples of
culture supernatants were collected at 2 and 4 wk to measure albumin
concentrations by ELISA (Albuwell M, ExoCell, Philadelphia, PA)
and urea concentrations by using a Urea assay kit (DIUR-500)
according to the instructions supplied by the manufacturer (BioAssay
Systems, Hayward, CA). Bovine albumin present in the Knockout
serum replacement did not cross-react with the anti-mouse albumin
antibody used in the ELISA.

Uptake of LDL. Low-density lipoprotein (LDL) uptake was as-
sessed by incubating cells for 4 h at 37°C with 10 pg/ml Dil-Ac-LDL
(Biomedical Technologies, Stoughton, MA), The assay was per-
formed using the method provided by the manufacturer.

Periodic acid-Schiff staining. Cells were fixed with 4% parafor-
maldehyde for 10 min, and incubated with or without 0.1% a-amylase
for 1 h, Then, cells were oxidized in 0.5% periodic acid for 5 min and
rinsed twice with water. Cells were then treated with Schiff’s reagent
for 15 min, rinsed with water, and the nuclei stained with hematox-
ylin,

Transplantation of GFP-positive ADSC into mice. In this study,
500 wi/kg body wt of CCly was injected intraperitoneally into 8-wk-
old recipient male C57BL/6J mice twice a week for 4 wk to induce
permanent liver damage. Two days after completion of the CCly
treatment, 1 X 10° GFP-positive ADSC second passages pretreated
with bFGF (bFGF+ group; n = 10) or without bFGF (bFGF— group;
n = 10) in DMEM/10% FCS containing antibiotic-antimycotic solu-
tion for 1 wk were diluted in 100 pl of PBS and then transplanted
slowly into mice spleens using a 26-gauge needle. After ADSC
injection, the same dose of CCls was continuously injected twice a
week to maintain permanent liver damage for 4 more wk. Mice were
euthanized 2 days after the final CCl, injection, and blood and liver
samples were obtained. The liver was either fixed with 4% buffered-
paraformaldehyde for histological examination or immediately frozen
in liquid nitrogen for RNA extraction. Mice treated with CCl, for 8
wk but without transplanted ADSC were used as the CCly control
group (n = 10). Mice treated with CCl, for 4 wk but without ADSC
transplantation were used as the 4W group (n = 4).

The Ethics Review Committee for Animal Experimentation of
Osaka University Graduate School of Medicine approved the study
protocol.

Statistical analysis. The results are presented as means * SE.
Differences between groups were examined for statistical significance
using analysis of variance with Fisher’s paired least significant dif-
ference test. Statistical significance was defined as P < 0.05.
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Fig. 3. Immunocytochemistry of albumin and CK18 in bFGF-treated ADSC. ADSC were cultured on plastic dishes without (A) or with (B) bFGF (20' ng/ml)
for 4 wk. Immunofluorescent staining of cultured ADSC for albumin (red) (b), CK18 (green) (c), and overlap (yellow) (d). a: Nuclear staining of cultured ADSC

with DAPI (blue). e: Overlap of a and ¢. Original magnification X200,

RESULTS

Expression of growth factor receptor genes in ADSC. RNA
samples were extracted from ADSC cultured in DMEM with
10% FCS. The ADSC showed mRNA expressions of the
following: FGF receptor-1 (FGFR1), an FGF-receptor subunit;
OSMR, an OSM-receptor subunit; c-Met, an HGF-receptor
subunit; and gp130, an OSM-receptor subunit. These results
indicated that bFGF, OSM, and HGF can function through
these receptors. Mouse liver RNA was used as a positive
control (Fig. 14).

ADSC morphology during transdifferentiation into hepatic
lineage cells. We next analyzed morphological changes in the
ADSC during the differentiation protocol. Undifferentiated
ADSC exhibited a fibroblast-like morphology (Fig. 1Ba). Cul-

ture with 20 ng/ml bFGF produced a gradual change in ADSC
morphology from fibroblast-like to hepatocyte-like polygonal
cells (Fig. 1B, b-d).

Liver-specific gene expressions in ADSC cultured with var-
ious growth factors. We next assessed the mRNA expression of
hepatic-specific markers in ADSC treated with or without growth
factors to monitor the hepatic transdifferentiation progress. ADSC
cultured with bFGF for 2 wk expressed o-fetoprotein (AFP),
albumin, CK18, CK19, and phosphoenolpyruvate carboxykinase
(PEPCK) (Fig. 10). In addition, culture in bFGF for 4 wk induced
expression of the transthyretin gene, a late-phase hepatic differ-
entiation marker (Fig. 1D). ADSC cultured without bFGF (con-
trol) expressed CK19 gene, a marker of biliary epithelial cells.
However, CK19 gene expression was lower in ADSC treated with
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Fig. 4. Hepatocytic function of transdifferen-
tiated ADSC in vitro. ADSC were cultured on
plastic dishes without or with bFGF (20 ng/
ml). A: glycogen-storage capability was as-
sessed by periodic acid-Schiff (PAS) staining
in ADSC cultured with bFGF for 4 wk [amy-
lase (—)]. Pretreatment with amylase [amy-
lase (+)] diminished the number of PAS-
positive cells. Original magnification X200.
B: LDL uptake in ADSC cultured with bFGF
for 4 wk and incubated with Dil-Ac-LDL.
Huh7 was used as a positive control. Original
magnification X100. C: urea production in
ADSC cultured with bFGF for 2 or 4 wk.
Urea production was assessed by colorimetric
assay of the culture supernatants. Data are
means * SE of 6 determinations.
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Fig. 5. Immunohistochemistry of ADSC
transplanted into CCla-injured mice. Mice
were injected CCly for 8 wk (500 mlkg body
wt twice weekly). At 4 wk, 1 X 10° green
fluorescent protein (GFP)-positive ADSC
were injected into the spleen. GFP-positive
ADSC were pretreated with bFGF [bFGF+
group; n = 10} or without bFGF [bFGF—
group; n = 10] for 1 wk. Mice treated with
CCls and without ADSC injection were used
as the CCly group (n = 10). Mice were
cuthanized 2 days after the final CCl4 injec-
tion, and liver samples were obtained.
A: CCly group. B: bFGF— group. C: bFGF+
group, A-C: immunofluorescence of mice
liver with antibodies against GFP (green)
(a), albumin (Alb; red) (b), and overlap (yel-
low) (d) of a and b. ¢ Nuclear staining of
cultured ADSC using DAPI (blue). e: Over-
lap of a and c¢. Arrows indicate stained cells.
Original magnification X100,

bFGF TREATED ADSC ATTENUATE LIVER FIBROSIS

A

bFGF for 2 wk and was further reduced in ADSC treated with  nation also showed hepatocyte-marker gene expression after 4-wk
bFGF for 4 wk (Fig. 1, C and D). Recently, Seo et al. (31) culture, but not after 2-wk culture (Fig. 1, C and D).

demonstrated transdifferentiation into hepatogenic cells of human Quantitative albumin gene expression and albumin synthesis
ADSC cultured with the combination of HGF, OSM, and DMSO by cultured ADSC. Real-time PCR revealed a gradual increase
(31). In our study, mouse ADSC cultured with the same combi- in albumin gene expression in ADSC cultured with bFGF
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(Fig. 2A). Furthermore, ELISA experiments showed that
ADSC cultured in the presence of bFGF secreted significantly
higher levels of albumin than cells cultured without bFGF
(control) (Fig. 2B).

Immunocytochemistry of albumin and CKI8 in ADSC
treated with bFGF. Analysis of protein expression by immu-
nocytochemistry revealed the expression of albumin and CK18
proteins in ADSC cultured with or without bFGF for 4 wk
(Fig. 3). Approximately 25% of the ADSC cultured with bFGF
for 4 wk showed positive staining for both albumin and CK18
(Fig. 3B), whereas only a few cells were stained for albumin or
CK18 in the absence of bFGF (Fig. 3A).

Hepatocytic function of transdifferentiated ADSC in vitro.
To assess whether hepatic lineage cells derived from ADSC are
functionally competent, we analyzed ADSC cultured with or
without 20 ng/ml of bFGF for 4 wk. Periodic acid-Schiff staining
to reveal glycogen-storage ability showed positive staining in
~5% of ADSC cultured with bFGF, whereas no staining was
observed in cells without bFGF (Fig. 4A). This positive staining
was diminished by amylase pretreatment. These experiments
indicated that ADSC cultured with bFGF for 4 wk could store
glycogen.

We next examined whether ADSC-derived hepatic lineage
cells can uptake LDL by incubating differentiated ADSC with
Dil-Ac-LDL. Approximately half the ADSC took up LDL,
whereas undifferentiated ADSC did not (Fig. 4B). Finally,
ADSC-derived hepatic lineage cells were tested for urea pro-
duction. Undifferentiated ADSC showed no urea production,
whereas cells cultured in the presence of bFGF secreted higher
amounts of urea in the culture media in a time-dependent
manner (Fig. 4C).

bFGF facilitated differensiation of transplanted ADSC into
hepatic lineage cells. GFP-positive cells were not found in
spleens of all mice despite being injected with ADSC (data not
shown). A few GFP-positive cells (0.3% of whole cells) were
observed in the portal area of the bBFGF— group mice livers,
whereas none were observed in the CCly group mice livers.
However, these GFP-positive cells in ADSC-transplanted mice
livers showed only weak albumin protein expression (7.7% of
GFP-positive cells) (Fig. 5, A and B). In contrast, many
GFP-positive cells (2.3% of total cells) were observed in the
portal area of the bFGF+ group mice livers. Moreover, these
GFP-positive cells strongly expressed albumin protein (54.8%
of GFP-positive cells) (Fig. 5C).

Liver function improves after ADSC transplantation. We
compared serum ALT and albumin levels across the three
experimental groups. Serum ALT levels were significantly
lower in bBFGF~ mice than in CCls-induced mice and
tended to be even lower in bFGF+ mice (Fig. 6A4). Serum
albumin levels were significantly elevated in bFGF~ mice
compared with CCly mice, and interestingly, were further
elevated in bFGF+ mice compared with both the CCl4 and
bFGF— groups (Fig. 6B).

Transplanted bFGF-pretreated ADSC attenuate liver fibro-
sis. Liver fibrosis was induced after 8 wk of CCl, treatment in
mice of the CCly group. ADSC transplantation significantly
enhanced this fibrosis in livers of bFGF— mice compared with
the CCly group, but liver fibrosis was attenuated in bFGF+
mice livers compared with the other two groups
(Fig. 7, A and B). The severity of liver fibrosis in the bFGF+
group was almost similar to that of the 4W group. This
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Fig. 6. Serum alanine aminotransferase (ALT) and albumin levels in CCls-
injured mice with or without ADSC transplantation, Serum ALT (A) and serum
albumin levels (B) for the 3 groups. Mice were euthanized 2 days after the final
CCl, injection, and blood samples were obtained for measurements of serum
ALT and albumin. Data are means * SE of {0 mice. n.s., Not significant.
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indicated that transplantation of bFGF-pretreated ADSC pre-
vented further fibrosis in mice liver. Next, we performed
GFP-a-SMA double immunostaining and identified trans-
planted ADSC-derived myofibroblasts in bFGF— mice livers
(Fig. 7C). Immunoblotting revealed enhanced a-SMA protein
level in bFGF— mice liver (Fig. 7D). Moreover, the livers of
bFGF+ mice showed low expression levels of fibrogenic
markers, transforming growth factor (TGF)-B,, collagen Ial,
and tissue inhibitor of matrix metalloproteinase 1 (TIMP1), but
high expression level of the fibrolytic gene marker matrix
metalloproteinase 13 (MMP13) (Fig. 7, E-H). The expression
levels of collagen Ial and TIMP1 were significantly elevated
in the liver of bFGF— mice compared with those of CCl4 mice.

bFGF pretreatment reduces fibrogenic gene expression and
increases fibrolytic gene expression in ADSC. Next, we ana-
lyzed the expression levels of fibrogenic and fibrolytic genes in
ADSC pretreated with or without bFGF. ADSC pretreated with
bFGF for 1 wk showed significantly low collagen Ial and
TIMP1 gene expression levels and increased MMP13 gene
expression level compared with untreated ADSC. In addition,
a significantly low a-SMA gene expression level was noted in
bFGF-pretreated ADSC. However, pretreatment of ADSC with
bFGF enhanced TGF-B,; expression (Fig. 8).
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Fig. 8. Expression levels of fibrosis-related genes in ADSC pretreated with or without bFGF. ADSC were cultured on plastic dishes for 1 wk without or with
bFGF (20 ng/ml). A: TGF-B,. B: collagen Ial. C: TIMPL. D: MMPI13, E: a-SMA. Data are means * SE (n = 5).

DISCUSSION

The present study demonstrated that bFGF facilitates the
transdifferentiation of ADSC into hepatic lineage cells in vitro
and in vivo. Unlike BMSC, ADSC can be repeatedly harvested
by a simple and minimally invasive method and can be easily
cultured (29). These characteristics would make repeated
ADSC transplantation easier than BMSC transplantation.
Therefore, ADSC represent an equal, if not superior, potential
source of undifferentiated cells for liver cell transplantation.

Liver development is a multistep process, mediated by
various growth factors and cytokines. At the initial stage of
liver development, the foregut endoderm commits to becoming
future liver via interactions with the cardiogenic mesoderm. It
is at this step that bFGF produced by mesodermal cells partic-
ipates in hepatic differentiation (15), being required to induce
the hepatic fate in the foregut endoderm (30). Previously, we
demonstrated that bFGF promotes the transdifferentiation of
bone marrow cells into hepatic lineage cells with the induction
of transcription factors including hepatocyte nuclear factors
and the GATA family of proteins (26). Hepatic expression of
FGF genes is upregulated in the CCly-induced liver injury mice
early after bone marrow transplantation (22). Moreover, pre-
treatment of bone marrow cells with FGFs, especially bFGF,
significantly accelerates the repopulation of bone marrow cells
in mice liver (14). The present study demonstrated that bFGF
promotes the transdifferentiation of ADSC into hepatic lineage
cells both in vitro and in vivo.

Human ADSC were recently reported to transdifferentiate
into hepatogenic cells under specific conditions (31). In sup-
port of that work, the present study also found that culture of
ADSC in media containing HGF and OSM, with 0.1% DMSO
added after induction of differentiation, could induce hepato-
cyte marker genes after 4 wk in culture, However, our cells
showed such induction with bFGF at an earlier stage compared
with the findings of the other group.

The volume of human bone marrow harvested under local
anesthesia is generally limited to 40 ml. This volume contains on
average 2.4 X 10* BMSC (3). By contrast, a typical harvest of
adipose tissue under local anesthesia can easily exceed 200 ml and
contains 1 X 10% ADSC (2). Thus lipoaspirate will yield ~40-fold
more stem cells than the equivalent possible harvest of bone
marrow (33). Liposuction is one of the most popular cosmetic
surgical procedures conducted worldwide (36), raising the possi-
bility of simple and repeatable access to subcutaneous adipose
tissue. In addition, ADSC are technically simple to isolate com-
pared with BMSC and exhibit superior features in culture, such as
colony frequency and proliferative ability (19).

Unlike BMSC, ADSC express CD34, one of the most
well-established stem cell markers (36). After plating, CD34
expression decreased gradually in ADSC, and the expression
of mesenchymal stem cell-associated marker, CD105, dramat-
ically increased. These findings confirmed the stem cell capa-
bility of ADSC, further enhancing their stature as a cell-source
alternative to BMSC.

Fig. 7. Assessment of liver fibrosis in liver of mice with CCly injury. A: picrosirius red staining of mice livers after 8 wk (CCls, bFGF—, bFGF+) or 4 wk (4W)
of CCl, treatment. Original magnification X40. B: histographic representation of quantified area of fibrosis area of mice livers. C: immunofluorescence of mice
liver with antibodies against GFP (green) (a), a-smooth muscle actin («-SMA; red) (b), and overlap (yellow) (d) of a and b. ¢: Nuclear staining of cultured ADSC
using DAPI (blue). e: Overlap of a and c. Arrows indicate stained cells, Original magnification X200. D: immunoblottings of mice livers. Top, a-SMA; bottom,
GAPDH. The a-SMA protein level was elevated in bFGF— mice livers. Intrahepatic gene expression of TGF-f (E), collagen Il (F), tissue inhibitor of matrix
metalloproteinase 1 (TIMP]; G), and matrix metalloproteinase 13 (MMP13; H) in the 4 groups. Liver of mice untreated with CCl4 for 8 wk served as the control.

Data are means = SE of 10 mice.
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In our study, transplanted ADSC were successfully engrafted
into mice liver and did not disappear after additional 4-wk CCl,
treatment. GFP-positive transplanted ADSC were still alive and
functional 4 wk after final CCly treatment, and the numbers of
GFP-positive cells remained almost similar to those at the end of
CCl; treatment (data not shown), CCly is metabolized into toxic
metabolic intermediates through hepatic cytochrome P-450 (20).
In our in vitro study, ADSC still expressed albumin and CK19
after 4-wk bFGF treatment, indicating that ADSC still possessed
the features of both the hepatocyte and biliary epithelial cell after
4-wk bFGF treatment. Although we did not assess the properties
of engrafted ADSC in mice liver, it scemed that the transplanted
ADSC were still immature and did not express sufficient cyto-
chrome P-450 activily at the time of transplantation. In this regard,
multipotent stromal cells synthesize a wide varicty of growth
factors and cytokines, exerting a paracrine effect on local cellular
dynamics (7, 11). These bioactive substances might operate in our
model, promoting cell survival, and hence improve liver function.

Recent reports claimed that BMSC transplantation atienuates
liver fibrosis (12, 27). On the other hand, Russo et al. (25) reported
that bone marrow contributed functionally and significantly to
liver fibrosis, and they identified bone marrow-derived activated
hepatic stellate cells. These results seem contradictory. In the
present study, we examined whether ADSC transplantation had a
fibrolytic effect on liver fibrosis. ADSC transplantation into our
mice significantly enhanced liver fibrosis in bFGF— mice livers
compared with the CCl, group mice. In contrast, the transplanta-
tion of ADSC pretreated with bFGF attenuated liver fibrosis. In
addition, bFGF— mice livers contained ADSC-derived a-SMA-
positive cells and high hepatic protein level of a-SMA. bFGF
stimulates MMP13 at the transcriptional level in human chondro-
cytes (13), suppresses the promoter activity of collagen I gene in
osteoblast-like cells (9), and suppresses TIMP1 gene expression in
human periodontal ligament cells (32). In this study, bFGF in-
creased MMP13 expression and decreased the expressions of
collagen I and TIMP1 in ADSC. Morcover, we found low protein
levels of a-SMA, one of the markers of activated hepatic stellate
cells, in bFGF+ mice liver compared with bFGF— mice and
found that bFGF decreased a-SMA gene expression in cultured
ADSC. bFGF treatment downregulates TGF-8;-induced a-SMA
protein expression in fibroblasts (1, 17). It is possible that this
inhibitory effect of bFGF on TGF-B; suppresses the activation of
hepatic stellate cells. These antifibrotic effects of bFGF on ADSC
might therefore reduce the problem of liver fibrosis in cell trans-
plantations.

In conclusion, bFGF induced transdifferentiation of ADSC
into hepatic lineage cells both in vitro and in vivo. Moreover,
the transplantation of bFGF-pretreated ADSC contributed to
the regression of liver function and fibrosis in CCl4-induced
mice liver fibrosis. ADSC can be easily and reproducibly
harvested from patients by a simple and minimally invasive
method. ADSC-based transplantation for patients with end-
stage liver disease could therefore form an important part of
therapeutic strategies in this clinical arena.
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SUMMARY. In hepatitis C virus (HCV) infection, the Th1-type
immune response is involved in liver injury. A predominance
of immunosuppressive regulatory T cells (Treg) is hypothe-
sized in patients with persistently normal alanine amino-
translerase (PNALT). Qur aim was to clarily the role of Treg
in the pathogenesis of PNALT. Fifteen chronically HCV-
infected patients with PNALT, 21 with elevated ALT (CH)
and 19 healthy subjects (HS) were enrolled. We determined
naturally-occurring Treg (N-Treg) as CD4+CD25high+
POXP3+ T cells. The expression of FOXP3 and CTLA4 in
CD4+CD25high+ cells was quantified by real-time reverse
transcriptase-polymerase chain reaction. Bulk or CD25-
depleted CD4+ T cells cultured with HCV-NS5 loaded
dendritic cells were assayed for their proliferation and

cylokine release. We examined CD127-CD25-FOXP3+ cells
as distinct subsets other than CD25+ N-Treg. The frequen-
cies of N-Treg in patients were significantly higher than
those in HS. The FOXP3 and CTLA4 transcripts were higher
in PNALT than those in CH. The depletion of CD25+ cells
enhanced HCV-specific T cell responses, showing that
co-existing CD25+ cells are suppressive. Such inhibitory
capacity was more potent in PNALT. The frequency of
CD4+CD127-CD25-FOXP3+ cells was higher in CH than
those in PNALT. Treg are more abundant in HCV-infected
patients, and their suppressor abilily is more polent in
patients with PNALT than in those with active hepatitis, '

Keywords: HCV, PNALT, regulatory T cell.

INTRODUCTION

Hepatitis C virus (HCV) causes a wide range of chronic
liver diseases in infected hosts, including chronic hepatitis
(CH), liver cirrhosis and hepatocellular carcinoma (HCC).

Abbreviations: ALT, alanine aminotransferase; CH, chronic hepati-
tis; CTL, cytotoxic T lymphocyte; DC, dendritic cell; ELISA, enzyme-
linked immunosorbent assay; FACS, fluorescence-activated cell
sorting; FBS, fetal bovine serum; HBV, hepatitis B virus; HCC,
hepatocellular carcinoma; HCV, hepatitis C virus; HS, healthy sub-
jects; IFN, interferon; IL, interleukin; IU, international units; MoDC,
monocyte-derived dendritic cell; N-Treg, naturally occurring regu-
latory T cell; PNALT, persistently normal ALT; RT-PCR, reverse
transcriptase-polymerase chain reaction; SLE, systemic lupus ery-
thematosus; TGF, transforming growth factor; Treg, regulatory

T cell.
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One of the critical determinants promoting the develop-
ment of HCV-induced liver disease is sustained liver
inflammation, explaining the therapeutic rationale of
allevialing this condition to help prevent liver cancer [1].
Among chronically infected individuals, approximately
20-30% display persistently normal serum alanine ami-
notransferase levels [2,3]). Although it is reported that
40-50% of them progress to the active stage of liver
inflammation within 5 years of observation [4], the inci-
dence of HCC in the remaining patients continues to be
fower than in those with elevated serum ALT levels [5].
Cumulative studies have revealed that HCV is not directly
cytopathic to hepatocytes. It has been demonstrated that
a Thl-type or cytotoxic T lymphocyte (CTL) response
is critically involved in HCV-mediated liver injury
[6,7]. Therefore, it is conceivable that some suppressor
mechanisms exist against Thl-type immune responses in
patients with persistently normal ALT levels (PNALT),
which may be distinct from those in patients with active
liver inflammation.

© 2009 The Authors.



Regulatory T cells (Treg) are a unique subset of T cells
with inhibitory capacity against auto-reactive T cells [8].
Substantial data have been reported about the involvement
of Treg in the pathogenesis of various diseases, including
autoimmune, cancer or infectious diseases [9-13].
Currently, the existence of several types of Treg has been
reported [14]. Naturally occurring Treg (N-Treg) are derived
from the thymic stromal environment from progenitor cells
and suppress auto-reactive T cells in antigen-specific and
antigen-nonspecific manner. Forkhead/winged helix tran-
scription factor (FOXP3) is one of the specific markers of
N-Treg, the expression of which is well correlated with the
gain of a suppressor function [15,16]. As cells with high
expression of CD25 also display FOXP3, it is generally
accepted that CD25+FOXP3+ is the most reliable marker for
Treg. In HCV infection, several reports have described a
higher frequency of N-Treg in the periphery and the liver
[17-20], suggesting their active role in HCV persistence. It
has also been demonstrated that CD25+FOXP3+ regulatory
cells are inducible in the periphery [21]. Owing to the lack of
a specific phenotypic marker of these induced regulatory
cells, referred to as adaptive Treg, their role in the patho-
genesis of HCV infection has not been clearly understood. A
recent study has demonstrated that the expression of inter-
leukin (IL)-7 receptor (CD127) is downregulated in Treg to a
degree that is inversely correlated with FOXP3 expression
[22]. These findings offer the possibility that adaptive Treg
are traceable, not all but in part, by the combination of
CD127 and FOXP3 independent of CD25 expression.

In this study, our aim was to elucidate whether or not
Treg are involved in the pathogenesis of PNALT patients, by
comparing the frequency and function of these cell subsets
with those in active hepatitis patients or healthy subjects. A
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distinct equilibrium was found between N-Treg and CD127-
CD25-FOXP3+ T cells according to differences in liver
inflammation.

MATERIALS AND METHODS

‘Subjects

Among chronically HCV-infected patients who had been
followed at Osaka University Hospital, 15 patients with
PNALT levels and 21 patients with elevated or fluctuating
ALT levels (the CH group) were enrolled in this study. As
controls, 19 healthy subjects (HS) who were negative for
HCV and hepatitis B virus (HBV) markers were examined.
The study protocol was approved by the ethical committee of
Osaka University Graduate School of Medicine. At enrol-
ment, written informed consent was obtained from each
subject. In this study, PNALT patients were defined as those
whose ALT levels remained within the normal range
(<30 IU/mL) without any medications for more than 1 year.
At enrolment, the patients were confirmed to be positive for
both serum anti-HCV and HCV RNA, but were negative for
other viral infections, including HBV and human immuno-
deficiency virus. The presence of other causes of liver disease,
such as autoimmune, alcoholic and metabolic disorders was
excluded by the use of laboratory and imaging analyses.
Liver biopsy was carried out in some of the patients. Histo-
logical examination was performed according to the
METAVIR scoring system. In all patients, a combination of
repetitive biochemical tests, ultrasonography or computed
tomography scans ruled out the presence of cirrhosis and
liver tumours. The clinical background of the subjects are
shown in Table 1.

Table 1 Baseline clinical characteristics

of the patients Chronic Patients
hepatitis with Healthy
patients PNALT subjects*
n 21 15 19
Sex (M/F) 8/13 5/10 ND NS
Age 50.6 £ 11.6 47.8 £12.7 ND NS
ALT (IU/L) 88.3 £ 41.4 209 £ 6.9 ND P < 0.0001!
Plt (10*/uL) 13.5 % 5.4 20.0 £ 3.9 ND p < 0.011
HCV RNA 8.6 113 97+738 ND NS
(Meg/mL)

*The background data of healthy subjects (blood donors) were not accessible
owing to the conlidentiality regulations of the blood centre, but their serum
ALT levels were confirmed to be within the normal range. Statistical significance
was analysed by Mann-Whitney U test between chronic hepatitis patients and
patients with PNALT, The values are expressed as mean * SD. PNALT, persis-
tently normal alanine aminotransferase level; ND, not determined; NS, not
significant; plt, platelet count.

© 2009 The Authors.
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Frequency analyses of Treg cells

For the numerical analyses of Treg cells, heparinized
venous blood was obtained from all subjects. Peripheral
blood mononuclear cells were collected by density-gradient
centrifugation on a Ficoll-Hypaque cushion. The cells
were subsequently stained with a combination ol various
fluorescence-labelled anti-human mouse monoclonal anti-
bodies for phenolypic markers. The antibodies for CD25
(clone B1.49.9) and CD4 (clone 13B8.2) were purchased
from Beckman Coulter (Fullerton, CA, USA), that for
CD127 (clone 40131) from R&D Systems (Minneapolis,
MN, USA) and thal for FOXP3-PE (clone PCH101) from
eBioscience (San Diego, CA, USA), respectively. The cells
were stained in phosphate-buffered saline containing 1%
fetal bovine serum (FBS) with various antibodies or
isolype controls for 15 min at room {emperature. Intra-
cellular staining of FOXP3 was performed using a human

FOXP3 staining kit (eBioscience) according to the
manufacturer’s instructions. The cells were analysed

by FACSCalibur (BD Biosciences, San Jose, CA, USA) and
CellQuest software.

Functional analysis of CD4+CD25+ T cells in
HCV-specific CD4+ T cell response

We first examined the HCV-specific CD4+ T cell response in
the presence or absence of CD4+CD25+ T cells. Monocyte-
derived dendritic cells (MoDC) were generated from CD14+
cells as reported previously. In briel, CD14+ cells were
cultured in Iscove's modified Dulbecco’s medium (Gibco
Laboratories, Grand Island, NY, USA) supplemented with
10% FBS, 50 IU/mL of penicillin, 50 mg/mL of streplomy-
cin, 2 mM of t-glutamine, 10 mM of Hepes buffer, 10 mm of
nonessential amino acids in the presence of 50 ng/mL
of granulocyte/macrophage colony-stimulating factor
(PeproTech, Rocky Hill, NJ, USA) and 10 ng/mL of IL-4
(PeproTech) for 7 days at 37 °C and 5% CO,. On day 6 of
the culture, MoDC were pulsed with 10 pg/mL of
recombinant HCV NS5 (amino acid position: NS5B 1-544;
kindly provided by Japan Tobacco, Inc., Tokyo, Japan) and
cultured for 24 h. The antigen-pulsed MoDC were then
cultured with autologous bulk CD4+ T cells or CD4+CD25~
T cells in 96-well flat-bottom plates (Corning, NY, USA)
for 5 days. Enrichment of CD4+ T cells or CD4+CD25~
T cells was performed using a CD4+CD25+ Regulatory
T cell Isolation kit (Miltenyi Biotec, Auburn, CA, USA)
according to the manufacturer’s instructions. On day 6
of the co-culture, the cells were pulsed with 1 uCi of [3H}-
thymidine during the last 16 h of incubation. The super-
natants were collected before pulsing with [3H]-thymidine
and subjected (o cylokine enzyme-linked immunosorbent
assay (ELISA). The incorporation of [3H]-thymidine in
CD4+ T cells was measured using a S-counter (Wallac-
Perkin-Elmer, Wallac, Finland).

Enzyme-linked immunosorbent assay

The concentrations of IL-10, TGF-fi1 and interferon (IFN)-
y in the cullure supernatants were determined by ELISA.
We used malched pairs of relevant monoclonal antibodies
(Endogen, Woburn, MA, USA) for IL-10 and IFN-y, and
the DuoSet ELISA development system (R&D Systems) for
TGF-f1, according to the manufacturer’s instructions. The
detection thresholds of IL-10, TGF-#1 and IFN-y were 10,
10 and 16 pg/mL, respectively.

Real time reverse transcriptase-polymerase chain reaction
(RT-PCR)

In order to analyse the expression of FOXP3 and CTLA-4 in
N-Treg, we collected CD4-+CD25high T cells by using
FACSAria, The purity of the isolated cells was more than 95%
as determined by FACS. Total RNA was extracted from sorled
CD4+CD25high T cells using the RNeasy Mini Kit (Qiagen,
Valencia, CA, USA) according to the manufacturer’s
instructions. Complementary DNA was synthesized using the
SuperScript III First-Strand synthesis system (Invitrogen,
Carlsbad, CA, USA). Assays-on-demand primers and probes
(PE Applied Biosystems, Foster City, CA, USA) were used lo
quantify FOXP3 and CTLA4 expression. The mRNA levels
were evaluated using ABI PRISM 7900 Sequence Detection
System (Applied Biosystems). The thermal cycling conditions
for all genes were as follows: the reaction was started with a
10-min denaturing cycle at 95 °C, followed by 40 cycles of
PCR performed with 15 s ol denaturing at 95 °C, then
1 minute at 60 °C lor annealing and extension. We identilied
a calibrator sample from the healthy volunteers. The
expressions of molecules were given as the relative values to
the calibrator samples. To standardize the amount of total
RNA added to each reaction mixture, we quantified f-actin
mRNA from each sample as a control of internal RNA and
corrected all values with this.

Statistical analysis

Statistical analyses were performed using StatView 5.0
software (SAS Institute Inc., Cary, NC, USA). Mann-
Whitney U-test was used to compare differences in unpaired
samples. For all analyses, a P-value of less than 0.05 was
considered to be statistically significant.

RESULTS

Peripheral N-Treg are increased in HCV-infected patients

We compared the frequency of Treg between HCV-infected
patients and healthy donors. In HCV-positive individuals, they
were further categorized into PNALT and CH groups accord-
ing to the difference in their serum ALT levels. The clinical
backgrounds of these groups were not different except for

© 2009 The Authors.



serum ALT levels and platelet counts (Table 1). N-Treg were
defined as the cells with CD4+CD25high+FOXP3+ cells. As
the cut-off value between CD25high+ and CD2Sintermedi-
ate+ cells is a critical determinant lor Treg analyses, we
defined CD4+CD2 5high+ as the cells with CD25 levels higher
than those of CD4-CD25+ cells (Fig. 1a). We first compared
the frequency of CD4+FOXP3+ T cells. The frequency of
FOXP3+ cells in the CD4+ T cell population in HCV-infected
patients was significantly higher than those in the HS
(Fig. 1b). However, no difference was observed in FOXP3+
cells between the PNALT and CH patients (Fig. 1b). The fre-
quency of CD4+CD25high+FOXP3+ T cells in CH or PNALT
palients were significantly higher than those in HS, whereas
those in HCV-positive patients did not differ regardless of their
ALT levels (Fig. 1¢). Similar results were obtained for the
frequency of CD4+CD25-FOXP3+ T cells (Fig. 1d).

Next, we examined whether or not the frequency of
N-Treg is correlated with clinical parameters. Among all
HCV-infected patients, no correlation was observed
between the [requency of N-Treg (CD4+CD25high+
FOXP3+ T cells) and serum ALT, HCV RNA levels, age or
platelet counts (data nolt shown). In the analyses of
patients who had undergone liver biopsy, the frequency of
N-Treg was not correlated with METAVIR grade/stage
scores (data not shown).
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The expressions of FOXP3 and CTLA4 are higher in
N-Treg from PNALT patients compared with those from
the CH group

FOXP3 is the master gene of Treg in the development and
gaining of suppressor functions. Alternatively, CTLA4 is one
of the key molecules of Treg in exerting inhibitory function.
We thus evaluated FOXP3 and CTLA4 mRNA expression in
sorted N-Treg (CD4+CD25high+ T cells) by means of real-
time RT-PCR. The expression of FOXP3 in PNALT or CH
patients was significantly higher than those in HS (Fig. 2a).
Of note is the higher expression of FOXP3 in N-Treg from the
PNALT group than in those from the CH group (Fig. 2a). In
contrast, the expression of CTLA4 in N-Treg from the PNALT
was higher than those in the CH, while it did not differ
between the CH and HS groups (Fig. 2b).

CD4+CD25+ T cells from PNALT patients have more
suppressive capacity in the HCV-specific CD4+ T cell
response than those from CH patients

In order to compare the ability of N-Treg to inhibit the
antigen-specific CD4+ T cell response, we used autologous
MoDC pulsed with HCV proteins as antigen-presenting cells,
We examined CD4+ T cell proliferation or cytokine
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Fig. 1 Comparison of frequencies of naturally-occurring regulatory T cells (N-Treg) and FOXP3-positive cells among the
groups. (a) Gating of CD4+CD25high+ T cells under FACS analysis. The cut-off value of CD25high expression is set at a level
that is more than that of CD4-CD25+ cells (dotted line); CD4+CD25high+ T cells are shown in the rectangle drawn in the
representative dot plot. (b) Frequencies of FOXP3+ cells, (¢) N-Treg (CD25high+FOXP3+ cells) and (d) CD25-FOXP3+ cells in
CD4+ T cells were compared among the groups. Boxes represent lower and upper quartiles with the median value (solid line)
between boxes, while the whiskers represent the minimum and maximum values. *, P < 0.05; , P < 0.0001 by Mann~
Whitney U-test. Abbreviations: PNALT, hepatitis C virus (HCV)-infected patients with persistently normal alanine amino-
transferase (ALT) levels; CH, HCV-infected patients with elevated ALT levels; HS, healthy subjects.
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