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Fig. 2 Comparison of mRNA expression of FOXP3 and
CTLA4 in CD4+CD25high+ T cells among the groups. The
expression of FOXP3 (a) and CTLA4 (b) in separated
CD4+CD25high+ T cells were analysed by real-time reverse
transcriptase-polymerase chain reaction as described in
Materials and methods. 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 < 0.01; +, P < 0.001. For defini-
tions of PNALT, CH and HS, see Fig. 1.
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production stimulated with antigen-pulsed DC. We com-
pared such responses between samples with or without
CD4+CD25+ T cells. In PNALT patients, HCV NS5-specific
T cell proliferation or IFN-y production of CD25-depleted
CD4+ T cells was significantly higher than those of the bulk
CD4+ T cells (Fig. 3a,b). In contrast, in CH patients, such
restoration did not occur significantly even when CD4+
CD25+ T cells had been depleted (Fig. 3a,b). There was no
dilference in the production of IL-10 and TGF-} between bulk
CD4+ T cells and CD2 5-depleted CD4+ T cells in both CH and
PNALT patients (Fig. 3c,d). These results suggest that
co-exisling CD4+CD25+ T cells play an inhibitory role in the
HCV-specific CD4+ T cell response, in which suppression was
more potent in the PNALT than in the CH group.

CD127-FOXP3+ cells, regardless of their CD25
expression, are increased in patients with HCV infection

In the analyses of N-Treg, the frequency of CD4+CD25-
FOXP3+ T cells in HCV-infected patients was higher than
those in the healthy donors (Fig. 1d). These resulls suggest
that CD44+FOXP3+ T cells, regardless of the degree of CD25

Fig. 3 Changes of hepatitis C virus
(HCV)-specific CD4+ T cell responses
with or without depletion of CD25+
T cells. Bulk CD4+ T cells or those
depleted of CD25+ cells were cultured
with autologous monocyte-derived
dendritic cells in the presence of HCV-
NS5 protein for 5 days as described in
Materials and methods. (a) On day 4,
[3H]-thymidine was pulsed and the
thymidine incorporation was counted
with a f-counter. Before the pulsing,
the culture supernatants were har-
vested and subjected to enzyme-linked
immunosorbent assay for interferon-y
(b), interleukin-10 (c) and TGF-f (d),
respectively. *, P < 0.05 by Mann~
Whitney U-test, For delinitions of
PNALT and CH, see Fig. 1.
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Fig. 4 Gating of CD4+CD127-FOXP3+ cells with variable
CD25 expression under FACS analysis. After setting the gate
on CD4+FOXP3+ cells [rectangle in the dot plot (a)], were
displayed on the CD25 and CD127 axis (b). The presence of
CD25+ (bold rectangle) and of CD25- cells (dotted rectan-
gle) in CD4+FOXP3+ cells are shown in plot (b). The
frequencies of these cells were analysed.

expression, increase in chronic HCV infection. Alternalively,
it implies that higher expression of CD25 is not a universal
marker for identifying FOXP3+ cells with regulatory activity.
It has been reported that CD127 expression on CD4+ T cells
is inversely correlated with FOXP3 expression, suggesting
that CD127low/negative cells consist of those with regula-
tory activity. In order o analyse regulatory T cell subsets
more precisely, we first examined FOXP3 expression on
CD127- or CD127+ cells paired with CD25 expression in
patients with HCV infection (Fig. 4). As a result, the majority
of CD4+FOXP3+ T cells belonged to the CD127- population
irrespective of CD25 expression (Fig. 4). Next, we compared
the frequency of CD4+CD127-FOXP3+ cells, which consist

Regulatory T cells in hepatitis C with PNALT 849

of CD25+ and CD25- cells, among the subject groups
(Fig. 5a). The frequency of CD4+CD127-FOXP3+ cells was
similar in the CH and the PNALT groups, both of which were
significantly higher than those in the HS (Fig. 5a). Finally, in
order to estimate the profile of CD4+CD127-FOXP3+ cells
according to CD25 expression, we compared the percentage
of CD25+CD127-FOXP3+ or CD25-CD127-FOXP3+ cells
in CD4+ T cells among the groups. The percentage of
CD25+CD127-FOXP3+ T cells in CD4+ T cells was com-
parable for PNALT and CH (Fig. 5b). In clear contrast, the
percentage of CD25-CD127-FOXP3+ T cells in the PNALT
was lower than those in the CH (Fig. 5c). The frequencies of
these cells were higher in the HCV-infected patients than in
HS (Fig. 5b,c). When we set the focus on the proportion of
CD25+CD127- or CD25-CD127- cells in the FOXP3+ cells
in the periphery as a whole, we found that the proportion of
CD25+CD127- cells in the PNALT was higher than that in
the CH group (Fig. 5d). On the other hand, the proportion of
CD25-CD127- cells in FOXP3+ cells was lower in the
PNALT than in the CH group (Fig. Se). Therefore, the phe-
notypic profiles of FOXP3+ T cells are distinct between
PNALT and CH patients, with regard to the expression of
CD127 and CD25.

DISCUSSION

Approximately 30-40% of chronically HCV-infected patients
continue to display PNALT for decades. We previously
reported the possible contribution of certain human leuko-
cyte antigen haplotypes [23] or DC dysfunclion in the
maintenance ol the PNALT state [24]). However, the precise
mechanisms behind this important issue are yet to be
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established. Cumulative reports have shown that Th1/Tcl
type responses are insirumental in HCV-induced liver
inflammation [7,25,26]. We thus hypothesized that some
suppressor mechanisms exist in PNALT patients especially
against HCV-specific Th1 and/or CTL reactions.

The involvement of Treg cells in the pathogenesis of var-
ious diseases has been reported [9-13]. Most of the studies
presented the possibility that N-Treg play substantial roles in
the induction of tolerance against aetiological self or nonsell
antigens, thus leading to alleviation or exacerbation of the
disease severity. With regard to HCV infection, several
groups have shown that N-Treg are increased both in the
periphery and in the liver and are able to inhibit HCV-specilic
CD4+ or CD8+ T cell responses in vitro [17,18,27]. In this
study, we showed that the frequency of N-Treg in HCV-
infected patients is higher than those in the controls, which
is consistent with the previous reports. However, the fre-
quencies of N-Treg are indistinguishable between the patient
groups with dilferent disease activities. As for the functional
aspect, the deprivation of CD4+CD25+ cells enhanced the
HCV NS5-specific CD4+ T cell response in the PNALT than
in the CH group, suggesting that co-existing Treg in the
PNALT are more suppressive. In addition, the expression of
FOXP3 and CTLA4, which are key molecules of the
suppressor function, is higher in PNALT than in those with
active hepatitis. Venken et al. [28] demonstrated that the
degree of FOXP3 expression at the single-cell level of N-Treg
is well correlated with their suppressive ability, which is
supportive of our results. In contrast, Bolacchi et al. [29]
reported that the frequency of TGF-f+ N-Treg in the PNALT
was higher than in the hepatitis group. Furthermore, their
frequency was inversely correlated with the histological
inflammatory grade, suggesting that TGF-f+ Treg play
active roles in alleviating hepatitis. The reasons for the lack
of correlation between N-Treg and serum ALT or HCV RNA
quantity in the present study may be because of the differ-
ence in the target of analyses, such as either peripheral or
intra-hepatic Treg, or either TGF-8+ or bulk Treg. Further
analyses need to be performed on these important issues, as
CD4+POXP3+ Treg are reported to accumulate more in the
portal tract of HCV-infected livers compared with those in
the periphery [20].

During the observation period, about 30-40% of PNALT
patients began to show elevated or fluctuating ALT abnor-
malities. What crucial factor triggers HCV-induced liver
inflammation remains unknown. One of the plausible
explanations is an antigenic shift accompanied by the
occurrence of mutations in the HCV genome. In other words,
hepatitis may {lare up if the mutation raises HCV immuno-
genicity. Comprehensive analyses of HCV epitopes for CTL
using overlapping peptides have shown that the HCV core
and NS3 are more immunogenic than the remaining
regions; however, the presence of an epitope hierarchy in
Treg induction has been controversial. Li et al, [30] reported
the possibility that Treg are expandable in response to

certain epitopes in HCV proteins. In two patients in whom
we observed flare-up of hepalitis in this study, we were able
to find that the expression of FOXP3 in N-Treg was high in
the PNALT status, but declined in the active hepatitis stage
(data not shown). Although it is diflicult (o state whether
such phenotypic changes in N-Treg are the cause or the
consequence of disease progression, these results suggest the
involvement of N-Treg in the degree of HCV-mediated
hepatitis. Further detailed study is needed to examine
whether or not such changes in N-Treg arc related to the
sequence evolution in HCV genomes.

Recent research has disclosed that distinct types of Treg
are present in humans. Currently, it is generally accepled
that CD25+FOXP3+ is the most reliable marker for Treg,
which is induced in parallel with the acquisition of sup-
pressor ability. However, owing o the lack of phenotypic
markers for specifically identilying adaptive Treg, their roles
in clinical settings have been unclear. In this study,
CD4+FOXP3+ cells increased in HCV-infected patients, who
were either positive or negative for CD25. In contrast to
thymus-derived N-Treg expressing a greater degree of CD25,
adaptive Treg are presumed to be induced in the periphery
with a lesser degree of CD25 expression. Thus, it is likely that
CD4+CD25-FOXP3+ T cells in HCV infection contain some
part of adaptive Treg,

Treg have been reported to express low levels of CD127 at
their cell surface [31]. Furthermore, the expression of CD127
is inversely correlated with FOXP3 expression and with the
suppressive function of CD25high+ Treg. Liu et al. [22]
pointed out the possibility that adaptive Treg are grouped
into CD127- cells, which also include FOXP3-negative Trl
or Th3 cells. Alternatively, You ef al. [32] reported that
murine CD4+CD25lowFOXP3+ T cells might be adaptive
Treg, which exert a TGFS-dependent suppressive function.
Taking these reports into consideration, and in order to
exclude activated CD25+ T cells, we examined CD4+
CD127-CD25-FOXP3+ cells tentatively determined as part
of adaptive Treg. In order to confirm that CD4+CD127~ cells
possess suppressive capacily, we co-cultured sorted
CD4+CD127-CD25- or CD4+CD127-CD25+ cells with
allogeneic CD4+ T cells stimulated with anti-CD3 and anti-
CD28 antibodies. As a resull, we found that CD4+CD127-
cells, regardless of CD25 expression, significantly suppressed
the proliferation of responder CD4+ T cells (manuscript in
preparation). Of note is the finding that the frequency of
CD127-CD25-FOXP3+ cells is higher in patients with active
hepatitis than those in the PNALT group. One of the plau-
sible explanations for such an increase of Treg is the
compensatory mechanisms [or the aggravation of liver
inflammation. In support of this possibility, Bonelli et al. [33]
reported that CD4+CD127-CD25- cells are increased in
patients with systemic lupus erythematosus (SLE), the
numbers of which are well correlated with disease activity.
With regard to the ability of Treg in SLE patients,
CD4+CD127-CD25- cells were potent in the inhibition of T

© 2009 The Authors.



cell proliferation but not in IFN-y release. Such a defective
suppressor capacity may result in the continuation of tissue
inflammation regardless of the presence of abundant Treg.
The other conceivable role of CD4+CD25-CD127-FOXP3+
cells in active hepatitis may be a peripheral reservoir of
CD4+CD25+FOXP3+ cells in case of flare-up of liver
inflammation. In mice, it has been reported that
CD25-FOXP3+ cells revert to CD25+FOXP3+ cells upon
activation signals, thus leading to the expansion of the Treg
pool [34]. In order to reach a definite conclusion on the role
of CD127-CD25-FOXP3+ cells, further analyses are needed
to elucidate whether these cells are inhibitory to either HCV-
specific or HCV-nonspecific T cell responses.

Large-scale studies with HCV-infected patients demon-
strated that the cumulative incidence of HCC in the PNALT
group is extremely low compared with that in patients with
apparent hepatitis and liver cirrhosis [35]. The lesser HCC
incidence is also evident in patients who attained a lasting
biochemical response to IFN-based therapy; even if they had
failed to achieve sustained virological response [36]. These
results clearly indicate that the maintenance of the PNALT
stale is one of the surrogate therapeutic goals in chronic
HCV inlection. Therefore, it is necessary to clarify the
mechanisms of Treg induction in HCV infection, whether
they are naturally or adaptively introduced, and to establish
a feasible modality for controlling Treg. Our study has
shown the importance of subset-oriented analyses of Treg for
gaining access to that goal.
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Abstract

Purpose Interstitial cells of Cajal (ICC) play important
roles in autonomic gut motility as electrical pacemakers
and mediators of neural regulation of smooth muscle
functions. Insufficiency of ICC has been reported in a wide
range of gut dysmotilities. Thus, restoration of ICC may be
a therapeutic modality in these diseases. Here we provide
evidence that transplanted bone marrow (BM) cells can
restore gut dysmotility in part via transdifferentiation to
ICC.

Methods Bone marrow cells obtained from Kit insuffi-
cient W/W’ mice or syngeneic GFP-transgenic mice with
wild-type Kit were transferred to W/W" recipients. Whole
gut transit time and gastric emptying were examined 5 and
6 weeks after BM transplantation, respectively, and ICCs
were identified in whole mounts, frozen sections and
transmission electron immunomicroscopy of the gut
smooth muscle layers using specific antibodies.

Results Transplantation of wild-type BM into W/W" mice
significantly improved whole gut transit time and gastric
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emptying. Fluorescent immunohistochemistry revealed
GFP*Kitt cells in the myenteric plexus, deep muscular
plexus, and submucosal plexus smooth muscle layers of the
stomach, small intestine, and colon, respectively. In the
whole mounts, GFP*Kit" cells were bipolar and spindle
shaped, and transmission electron immunomicroscopy
showed GFP* cells rich in mitochondria and endoplasmic
reticulum between gut smooth muscle layers, suggesting
the presence of GFPY cells with morphological character-
istics of ICC.

Conclusions These results suggest that BM contains cells
that may incorporate into ICC networks and improve
dysmotility in W/W" mice. Thus, BM transplantation may
become to a new therapeutic modality for gut dysmotilities
due to ICC insufficiency.

Keywords Bone marrow - Green fluorescent protein -
Interstitial cells of Cajal

Abbreviations
BM Bone marrow
ICC Interstitial cells of Cajal

GFP  Green fluorescent protein
FBS  Fetal bovine serum

PBS  Phosphate buffered saline
AIC  Anti-ICC antibody

DAPl 4/, 6-Diamino-2-phenylindole
Introduction

Rhythmic contractile activity of gastrointestinal smooth
muscles is driven by electrical signals (slow waves) gen-
erated by interstitial cells of Cajal (ICC) [1]. ICC may also
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play similar roles in other tubular, smooth muscle-lined
organs, such as the urethra and lymph vessels, in a wide
range of species [2]. Absence of, or a decrease in, ICC has
been reported in patients with chronic pseudo-obstruction
[3], achalasia of cardia [4], pyloric stenosis [4], colonic
inertia [5], afferent loop syndrome [6], internal anal
sphincter achalasia [7], Hirschsprung’s disease [7], and gut
dysmotility associated with diabetes mellitus [S8-10]. In
addition, partial bowel obstruction [11], surgical resection
of the gut [12], and jejunal inflammation [13] disrupt ICC
networks and cause abpnormal motility. Patients suffering
from these disorders would likely benefit from the resto-
ration of ICC. However, the developmental origin of ICC
remains unclear [14]. Although tissue precursors for gastric
ICC have recently been identified [15], these cells are rare
and not yet available for cellular therapy. Bone marrow
(BM) is an alternative source of multipotent stem cells that
can distribute into various organs and may transdifferen-
tiate into various cells, including hepatocytes [16], skeletal
muscle fibers [17], cardiomyocytes [18], and gastrointes-
tinal epithelial cells [19]. We previously reported that BM-
derived cells can transdifferentiate into both epithelial and
stromal cells of the colon [20] and stomach [21] in rats.

Kit, a receptor tyrosine kinase, plays an important role
in ICC development. Blocking Kit function may cause ICC
transdifferentiation into smooth muscle-like cells [22] and
gut dysmotility in neonatal rodents. Kit mutations in animal
models result in a decreased number of gut ICC and gut
dysmotility [23-26]. Kir mutations have also been reported
to be associated with other gastrointestinal problems,
including neoplasia of the stomach and gastric ulcer
{27-311. In this study we investigated the effect of BM
transplantation on gastrointestinal motility and ICC in
Kit-hypomorphic W/W" mice that have reduced ICC pop-
ulations and gastrointestinal dysmotilities. We demonstrate
that transplanted BM-derived cells may have the potential
to restore gut dysmotility by differentiating into ICCs.

Methods
Experimental animals and reagents

The W and W* mutant alleles contain a truncation of the
transmembrane domain and point mutation of the kinase
domain of Kit, respectively [32]. W/W' mice were gen-
erated as the Fl offspring of WB-W/4 female and
C57BL/6-W/4+ male mice at Japan SLC Inc. (Hamama-
tsu, Shizuoka, Japan). GFP* mice with wild-type Kif
(+/+) and the same genetic background as W/W' were
produced from WB-+/+4 female (Japan SLC) and green
fluorescent protein (GFP) transgenic male mice [GFP-Tg
mice; C57BL/6 TgN(f-act-EGFP)Osb], which were

kindly provided by Professor Masaru Okabe (Genome
Information Research Center, Osaka University, Suita,
Osaka, Japan) [33]. Mice were properly anesthetized for
sacrifice or BM transplantation with pentobarbital sodium
or sevoflurane (Maruishi Pharmaceuticals, Osaka, Japan).
All animal studies were reviewed and approved by the
Osaka University Institutional Committee on the Use and
Care of Animals.

Reagents were purchased from Cosmo Bio (Tokyo,
Japan), or Nacalai Tesque (Kyoto, Japan), unless stated
otherwise.

Preparation of murine BM cells

Bone marrow-derived cell transplantation was performed
using female W/W" mice as recipients and male W/W" and
syngeneic GFP* +/4 mice as donors. For BM cell .isola-
tion, male W/W" mice or GFP* +/+ mice (6 weeks old)
were killed by an anesthetic overdose, and their limbs were
removed. BM cells were obtained by flushing the medul-
lary cavities of the tibias and femurs with BM medium
(Medium 199, Invitrogen, San Diego, CA) supplemented
with 10% fetal bovine serum (FBS; PAA Laboratories
GmbH, Pasching, Austria) and 1% antibiotics and
antimycotics (Invitrogen, San Diego, CA) using a 26-G
needle. BM cells were then sieved through 50-pm meshes,
hemolyzed by incubation in ACK buffer (0.15 M NH4CI,
1 mM KHCO;, and 0.1 mM EDTA-Na,, pH 7.2), and
washed twice with Medium 199 with 10% FBS and 1%
antibiotics and antimycotics.

Cell transplantation

Female W/W" mice were lethally irradiated (8.5 Gy) using
an X-ray generator and intravenously transplanted with
BM-derived cells (4 x 10°) within 3 h of irradiation.

Four weeks later, blood and spleen samples were
obtained and confirmed for GFP chimerism using a flow
cytometer (FACS Calibur; BD Biosciences, San Jose, CA)
and a fluorescence microscope, respectively.

Assessment of gut motility

Whole gut transit time and gastric emptying were measured
5 and 6 weeks after BM transplantation, respectively. The
whole gut transit time was measured according to the
method validated by Nagakura et al. [34]. Bricfly, mice
were administered 2.5% Evans blue in a 1.5% methylcel-
Iulose solution (0.3 ml per animal) intragastrically through
a stainless steel cannula. Mice were returned to their
individual cages, which were placed on a white sheet so
that stool colored by the marker could be detected. The
time elapsed between the gavage and the appearance of the
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marker in the stool was taken as the measure of whole-gut
transit.

For measurement of gastric emptying, 0.05% phenol red
in 1.5% methylcellulose solution was given intragastrical-
ly. Twenty minutes later, the animals were killed and
laparotomized with a midline incision. Three additional
mice killed immediately after the intragastric administra-
tion of the solution served as controls. The cardia and the
pylorus were ligated, and the entire stomach was excised
and homogenized in 10 ml of 0.1 N NaOH. The phenol red
content of the homogenate was measured by spectropho-
tometry, and gastric emptying was calculated according to
the method described by Mashimo et al. {35].

Immunohistochemistry
Whole-mounts

Bone marrow-derived cells were identified by GFP fluo-
rescence or with the aid of anti-GFP antibodies. ICCs were
detected with anti-Kit antibodies. The mice were killed,
and the jejunum was excised and fixed in acetone on ice for
5 min. Thereafter, the tissues were opened along the
mesentery, and washed. The mucosa and submucosa were
removed as previously reported [36]. The remaining tissues
were blocked with 3% non-immunized goat serum for 1 h
then incubated with ACK2, a rat monoclonal anti-Kit
antibody (CHEMICON International, Inc., Temecula, CA)
and a rabbit polyclonal antibody against GFP (Santa Cruz
Biotechnology, Santa Cruz, CA) at 4°C for 2 days. After
two 30-min washes in PBS, the tissues were incubated with
Cy3-conjugated, affinity-purified goat anti-rat IgG (Jackson
Immunoresearch Laboratories Inc., West Grove, PA) and
FITC-conjugated goat anti-rabbit IgG antibodies (Santa
Cruz Biotechnology) at room temperature for 30 min.

Frozen sections

In these experiments we were unable to use ACK?2 for the
immunostaining of ICC because detection of cytoplasmic
GFP required paraformaldehyde fixation, and ACK2 does
not perform well in paraformaldehyde-fixed specimens.
Therefore, ICCs were detected with AIC antibody (a gen-
erous gift from Professor Shigeko Torihashi; Department
of Physical Therapy, Nagoya University School of Medi-
cine, Nagoya, Japan), which withstands paraformaldehyde
fixation [37]. This antibody was raised against intact
murine ICC purified by immunomagnetic sorting. In wild-
type mice, AIC" cells have been shown to label Kit* ICC
[371.

The animals were anesthetized and killed 6 weeks after
BM transplantation. The mice were transcardially perfused
with PBS and PBS containing 4% paraformaldehyde to
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flush out blood cells, and the gut was fixed in 4% para-
formaldehyde/PBS on ice for 3 h. The specimens were
dehydrated through a graded series of sucrose washes (12,
15, and 18%) for 24 h, embedded in Tissue-Tek OCT
compound (Sakura Finechemical Co., Tokyo, Japan), and
frozen in liquid nitrogen. Cryostat sections (5 pm thick)
were mounted onto glass slides and incubated at 37°C for
1 h in PBS with 3% normal goat serum to reduce non-
specific immunostaining. The sections were incubated with
the AIC antibody at 4°C for 24 h. After three 5-min
washes of PBS, the sections were incubated with Cy3-
conjugated affinity-purified goat anti-rat IgG as the sec-
ondary antibody. After three 5-min washes in PBS, the
sections were stained with 4’, 6-diamino-2-phenylindole
(DAPI; Vector Laboratories, Inc. Burlingame, CA) and
covered with Vectashield, and the transplanted cells were
examined by fluorescence microscopy for GFP. Confocal
images were obtained by LSMS510 (Carl Zeiss, Oberko-
chen, Germany) or BZ8000 (Keyence, Osaka, Japan). All
images were captured using a digital imaging system. To
quantitatively investigate the effect of BM transplantation
on ICC cell number in W/W’ mice, the areas of AIC
positive cells and AICYGFP* double-positive cells were
calculated by image analysis using NIH image software
(NIH, Bethesda, MD).

Transmission electron immunomicroscopy

Pre-embedding staining was applied for electron immuno-
microscopic observation. In brief, cryostat sections (20 pm
thick) were incubated at 37°C for 30 min in 0.3% H,0,
methanol and then incubated in 3% normal goat serum at
37°C for 1 h to prevent non-specific binding of mouse
immunoglobulins. Sections were incubated with primary
antibody against GFP (Santa Cruz Biotechnology, Santa
Cruz, CA) in combination with an avidin-biotin detection
system (Vector Laboratories) and visualized using 3,3'-di-
aminobenzidine (DAB; Vector Laboratories). Increased
staining contrast was obtained by post-treatment with 1%
osmium tetraoxide in PBS for 30 min at room temperature.
The samples were dehydrated in ethanol gradient (70, 80,
90, 95, 100, 100, and 100%) and re-embedded in Epon 812.
The sections (100 nm thick) were stained with lead and
examined under a transmission electron microscope
(H-7650, Hitachi High-Technologies, Corporation, Tokyo,
Japan).

Statistical analysis

Data shown are mean &£ SD. Student’s ¢ test was used for
statistical comparison (StatView ver. 4.51; SAS, Cary,
NC). P < 0.05 was considered statistically significant.
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Results

Restoration of normal gastrointestinal motility
by BM transplantation in W/W” mice

W/W’ mice have a partial deficiency of Kit receptor tyro-
sine kinase [32] and abnormal gut motility compared to
wild-type and W/ mice {26]. BMs obtained from Kit +/+
GFP-Tg mice or W/W" mice were transplanted into lethally
irradiated  W/W’ mice. Gastrointestinal motility was
investigated by measuring whole gut transit time and gas-
tric emptying. Consistent with previous studies in normal
mice [34], whole gut transit time in untreated, Kit +/+
GFP-Tg mice was stable and took 194.2 4 13.3 min.
Gastric emptying of liquids was 40.5 £ 19.0% (% emptied
at 20 min after gavage), which is also consistent with the
previous reports [35].

Whole gut transit and liquid gastric emptying were
considerably delayed in W/W' mice transplanted with
W/W' BM (275.8 + 45.3 min and 17.5 & 7.6%, respec-
tively). In contrast, transplantation of wild-type BM from
Kit +/4+ GFP-Tg mice significantly improved both whole
gut transit time (to 201.1 & 38.4 min; P < 0.01 vs. w/w”
mice transplanted with W/W* BM) and fractional gastric
emptying at 20 min (31.9 + 13.8%; P < 0.05 vs. W/W"
mice transplanted with W/W" BM) (Fig. 1). These results
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Fig. 1 Whole gut transit time (a) and liquid gastric emptying at
20 min (% empticd) (b) in W/W’ mice transplanted with BM from
WW' mice [BMT(W/W"] or Kit mice +/+ GFP-Tg mice
[BMT(GFP)], and wild-type mice. Five wecks after transplantation,
whole-gut transit times were significantly shorter in the mice that
had received Kit +/4+ GFP-Tg BM than in those that had been
transplanted with W/W’ BM (P < 0.01; n =7 mice per group).
Similarly, a significantly greater percentage of the gavaged phenol
red solution emptied over the 20-min test period in the mice that
had received Kit +/4+ GFP-Tg BM (P <0.05; n =7 mice per
group). The gastric emptying studies were performed 6 weeks after
transplantation

demonstrate that wild-type Kit 4+/4 BM can restore gut
dysmotility in Kit-deficient mice.

GFP* BM-derived cells incorporate into
ICC networks in W/W" mice

In whole mounts of small intestinal muscle layers of W/W*
mice transplanted with Kit +/+ GFP-Tg BM, Kit* ICC
visualized with the aid of ACK2 antibodies were only
detected at the level of the deep muscular plexus. Double
labeling with anti-GFP antibodies revealed the presence of
GFPKit* cells in this layer (Fig. 2). The double-labeled
cells were bipolar with their axis oriented along the cir-
cumference of the jejunum (Fig. 2). The GFP*Kit* cells
were connected to processes of other Kitt ICC. No such
double-labeled cells were seen in W/W” mice transplanted
with W/W' BM.

In cryosections of the stomach, small intestines, and
colon, ICC were detected with the aid of AIC, a mono-
clonal antibody directed against an unidentified cell surface
markers of immunomagnetically purified ICC [37]. In these
experiments, we visualized GFP-expressing cells by
detecting GFP fluorescence. The AIC antibody has been
reported to detect ICC in the muscular layers of wild-type
mice. It is also reported to stain microvilli, brush border,
and some unidentified cells distributed in the mucosa [37].
Consistent with this previous report {371, in our study
performed in W/W" mice transplanted with Kit +/+ GFP-
Tg BM, AIC labeled some unidentified intramuscular and
myenteric cells in the stomach and small intestine,
respectively (Fig. 3b, e, respectively). In addition to AIC*
cells, GFP-expressing cells were also detected in uniden-
tified, AIC-negative cells of the muscular, submucosal and
mucosal layers of the examined tissues (Fig. 3). However,
we only found GFP-expressing AIC™ cells in the myenteric
region of the stomach (Fig. 3a—c), in the deep muscular
plexus region of the small intestine (Fig. 3d—f), and in the
submucosal border of the colon (Fig. 3g-i), which suggests
that these cells could be classified as ICCs, because ICCs
are reported to be located in these regions of the gastro-
intestinal tract. As shown in Fig. 4a—c, GFP* BM trans-
plantation significantly increased AIC™ cells distributed in
the region where ICCs were reported to be located com-
pared with W/W* BM transplantation, which indicates that
Kit +/+4 BM transplantation significantly increased the
ICC number in W/W’ mice.

Transmission electron immunomicroscopy showed
GFP™ cells with abundant mitochondria and rich in endo-
plasmic reticulum between gut smooth muscle layers,
characteristic for gut ICC (Fig. 5).

These results indicate that GFPt BM cells can incor-
porate into both ICC and other cells of the gastrointestinal
tract of W/W” mice.
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Fig. 2 Bone marrow-derived GFPYACK2™ cells (yellow arrows)
detected in a whole-mount preparation of small intestine. Mucosa and
submucosa of the jejunum were removed. The remaining tissues were
fixed with acetone and stained with ACK2, a c-Kit antibody and an

antibody against GFP. a GFP immunofluorescence, b Kit immuno-
fluorescence, ¢ merged images. Yellow—orange color signifies colo-
calization of GFP and Kit, x400

Fig. 3 GFPTAIC™ cells detected in stomach (a—c), small intestine
(d-f), and colon (g-i) of W/W" mice transplanted with Kit +/4 GFP-
Tg BM. The frozen sections (5 pm thick) were stained with AIC, an
antibody against mouse ICC (red color; b, e, h). GFP-expressing cells
were detected by GFP fluorescence (green color; a, d, g). In the
merged images (¢, f, 1), yellow—orange color signifies colocalization.

Discussion

Mutations in Kit, the gene encoding for the specific
receptor for stem cell factor, cause ICC insufficiency. The

@ Springer

Blue color in the merged images indicates nuclei visualized with
DAPI. GFP-expressing AIC* cells are detected only in the myenteric
region of the stomach, the deep muscular plexus region of the small
intestine, and the submucosal border of the circular muscle layer of
the colon, indicated by enclosure in square and yellow arrows

complete loss of functional Kit receptor, such as occurs in
W/W mutants, is lethal. In contrast, the W allele, which
contains a point mutation in the kinase domain [32],
encodes for a partially functioning Kit receptor, so W/W"
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Fig. 4 Quantitative analysis of A

the effect of BM transplantation 03
on amount of ICC cells in
stormach (a), small intestine (b),
and colon (¢) in W/W" mice
transplanted with BM prepared
from W/W* mice [BMT(W/W")]
or Kit mice +/4 GFP-Tg mice
[BMT(GFP)], and wild-type
mice. GFP* BM transplantation
significantly increased AICY
cells distributed in the region
where 1CC cells were reported
to be located in the mouse gut,
compared with W/W” BM
transplantation (P < 0.05;

n = 4 mice per group)

Arbitary unit

Fig. 5 A transmission electron immunomicroscopic picture demon-
strating GEP* ICC of the colon (JCC) between the circular (CM) and
longitudinal (LM) muscle layers. The GFP* bone marrow-derived cell
is identified by densc staining in the cytoplasm and has a spindle
shape with mitochondria (M) that are wrapped in sheaths of
cndoplasmic reticulum (ER), morphological hallmarks for gut 1CC
in mice

mice are viable with deficits. For example, ICC populations
are reduced in W/W” mice, and these animals have a variety
.of gut dysmotilities. In the present study we demonstrated
that BM transplantation can restore whole gut transit time
and gastric emptying in Kit-deficient mice. We also show
that BM-derived cells visualized either by detecting GFP
fluorescence or with the aid of GFP immunofluorescence

B, Cox
03

025

02

Arbitary unit
Arbitary unit

0.4

0.05

BMT(WIWY)  BMT(GFP) Wild Type BMT(WIWY)  BMTIGFP) Wild Type

can incorporate into ICC networks of the stomach, small
intestines, and colon of W/W' mice. The BM-derived,
GFP*Kit* or GFP*AIC* cells had morphological features
of ICC (bipolar or spindle-shaped, and rich in mitochondria
and endoplasmic reticulum) and were found in regions
normally occupied by ICC. These results suggest that BM
cells have the capability of differentiating into ICC or
otherwise incorporating into ICC networks of the gastro-
intestinal tract,

Besides transdifferentiation, cell fusion may also
account for the presence of double positive cells in the
gastrointestinal tracts of BM-transplanted mice. For
example, cell fusion has been shown to be partly respon-
sible for the appearance of GFP* hepatocytes after BM
transplantation into liver-damaged mice [38}]. In this study,
the possibility of cell fusion was not examined. In the
future, the possibility of cell fusion should be investigated
using fluorescence in situ hybridization in sex-mismatched
BM transplantation.

Deficiency of ICC has been demonstrated in various
gastrointestinal motility disorders in humans and animals
[1-13, 23-25], including the above-mentioned motor dis-
orders. ICCs direct the electrical rhythmicity and peristalsis
of the gut [26, 39]. Furthermore, blocking Kit signaling
with a neutralizing antibody [40] or with imatinib mesylate
[41, 42], a clinically available receptor tyrosine kinase
inhibitor developed for leukemia and gastrointestinal stro-
mal tumors, causes loss of ICC and electrical rhythmicity
in mice. These results suggest important roles for mainte-
nance of ICC in gut movement. It follows that patients with
severe gut dysmotilities would probably benefit from the
restitution of 1CCs.

For restoration of ICCs, their origin must be elucidated
[43]. It has been suggested that ICC and smooth muscle
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cells arise from common mesenchymal precursors in the
embryo [44]. Recently, it has been reported that rare
Kit'*"CD34+*CD44* cells of the gut muscles may be local
ICC precursors [15]. However, those cells are not readily
utilizable for therapeutic purposes due to their low numbers
and the difficulties in obtaining tissues for harvesting them.
BM is easy to obtain and contains stem cells of both
mesenchymal lineages, and it may be a good source of ICC
precursors as well.

In conclusion, our results suggest that BM-derived cells
are potential sources of gut ICC. BM transplantation has a
potential to supply adult somatic precursors of ICC in a
mouse model of ICC deficiency. Via estimation of ICC
function after BM transplantation by measurement of slow
wave and determination of cell type in transplanted BM that
is responsible for restoration of gastrointestinal motility, the
mechanism of BM transplantation to improve motility in
ICC dysfunction should be clarified for development of
more efficient therapies. Additionally, to open the way to a
new therapeutic modality of gut dysmotility, development
of instruments and methods for selection, expansion, and
implantation of such ICC precursors are required.
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SUMMARY. Reducing the dose of drug affects treatment
eflicacy in pegylated interferon (Peg-IFN) and ribavirin com-
bination therapy for patients with hepatitis C virus (HCV)
genotype 1. The aim of this study was to investigate the im-
pact of drug exposure, as well as the baseline factors and the
virological response on the treatment efficacy for genotype 2
patients. Two-hundred and fifty patients with genotype 2 HCV
who were to undergo combination therapy for 24 weeks were
included in the study, and 213 completed the treatment.
Significantly more patients who achieved a rapid virological
response (RVR), defined as HCV RNA negativity at week 4,
achieved a sustained virological response (SVR) (92%, 122/
133) compared with patients who failed to achieve RVR (48%,
38/80) (P < 0.0001). Multivariate logistic-regression analy-
sis showed that only platelet counts {odds ratio (OR), 1.68;

confidence interval (CI), 1.002-1.139]and RVR (OR, 11.251;
Cl, 5.184-24.419) were independently associated with
SVR, with no correlation being found for the mean dose of
Peg-IFN and ribavirin for RVR and SVR. Furthermore, in the
stratification analysis of the timing of viral clearance, neither
mean dose of Peg-IFN (P = 0.795) nor ribavirin (P = 0.649)
affected SVR in each group. Among the patients with RVR,
the lowest dose group of Peg-IFN (0.77 £ 0.10 pg/kg/week)
and ribavirin (6.9 £ 0.90 mg/kg/day) showed 100% and
94% of SVR. Hence, RVR served as an important treatment
predictor, and drug exposure had no impact on both SVR
and RVR in combination therapy for genotype 2 patients.

Keywords: chronic hepatitis C, drug exposure, genotype 2,
peginterferon and ribavirin combination therapy.

INTRODUCTION

The current standard of care for chronic hepatitis C (CHC)
patients consists of combination therapy using pegylated

Abbreviations; ALT, alanine aminotransferase; BMI, body mass
index; CHC, chronic hepatitis C; c-EVR, complete early virological
response; ETR, end of treatment response; y-GTP, y-glutamyl
transpeptidase; HCV, hepatitis C virus; IFN, interferon; NPV, nega-
tive predictive value; Peg-IFN, pegylated interferon; RVR, rapid
virological response; SVR, sustained virological response.
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interferon (Peg-IFN) and ribavirin [1-3]. Large, random-
ized clinical trials have demonstrated that 42-52% of
hepatitis C virus (HCV) genotype 1 ‘diflicult-to-treat’
patients achieved sustained virological response (SVR),
whereas 76-84% of HCV genotype 2 or 3 inlected patients
trealed with Peg-IFN and ribavirin achieved SVR [4-6]. It
also has been shown that in HCV genolype 2 and 3
infected patients, 24-week treatment regimens are just as
effective as 48-week regimens [6,7]. Therelore, current
guidelines recommend a 24-week treatment for these
patients in contrast to 48 weeks for genotype 1 patients
[1-3]. However, as side eflects are common and treatment
is expensive for this therapy, it would be ideal to be able
to further reduce the total amount of drug medication
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without loss of treatment efficacy for genotype 2 and 3
patients.

In HCV genotype 1 patients, reducing drug doses allects
treatment eflicacy. In our investigation of HCV genotype 1
patients, the rate of complete early virological response
(c-EVR), defined as HCV RNA negalivily at week 12, was
alfected by the mean dose of Peg-IFN during the first
12 weeks dose-dependently (P < 0.0001) [8]. Further-
more, we showed that only 4% relapse was found in
palients given 212 mg/kg/day of ribavirin among (hose
with ¢-EVR, and the relapse rate showed a decline in
relation to the increase in the dose ol ribavirin
(P = 0.0002) [9]. On the contrary, il remains to be
determined whether treatment eflicacy can be preserved by
further reducing both drug doses in genotype 2 and 3
patients. Because lower doses are expected to cause lewer
adverse ellects, it is important to find whether reduced
drug doses can be used while retaining ellicacy.

In the present study, we retrospectively evaluated the
efficacy of Peg-IFN alpha-2b and ribavirin combination
therapy for 24 weeks in patients infected with HCV genotype
2 and analysed the factors that aflected the treatment elli-
cacy, with particular interests in the drug impact of Peg-IFN
and ribavirin.

PATIENTS AND METHODS

Patient selection and study design

Patients considered to be eligible for this study were those
infected with HCV genotype 2 who underwent Peg-IFN
alpha-2b (Schering-Plough K.X., Tokyo, Japan) and ribavirin
(Schering-Plough K.X.) combination therapy [rom December
2005 to July 2007 at 29 medical institutions taking part in
the Osaka Liver Forum and had completed the 24-week
observation aller a clinical course of 24 weeks. Patients with
the following criteria were excluded: hepatitis B virus or
human immunodeficiency virus coinfection, decompensated
liver disease, severe cardiac, renal, haematological or
chronic pulmonary disease, poorly controlled psychiatric
disease, poorly controlled diabetes and immunologically
mediated disease. Liver biopsy had been performed within
24 months prior to the treatment, and histological resuits
were classified according to the METAVIR scoring system
[10].

Wrilten informed consent was obtained from each patient,
and the study protocol was reviewed and approved accord-
ing lo the ethical guidelines of the 1975 Declaration of
Helsinki by institutional review boards at the respeclive sites.

Patients were trealed with Peg-IFN alpha-2b plus ribavirin
for the duration of the study of 24 weeks. Peg-IFN alpha-2b
and ribavirin dosages were based on body weight according
to the manufacturer’s instructions: Peg-IFN alpha-2b was
given subcutaneously weekly (45 kg or less, 60 pg/dose;
46-60 kg, 80 pg/dose; 61-75 kg, 100 pg/dose; 76-90 kg,

120 pg/dose; 91 kg or more, 150 pg/dose), and ribavirin
was given orally daily (60kg or less, 600 mg/day;
61-80 kg, 800 mg/day; 81 kg or more, 1000 mg/day). The
drug doses were also modified based on the manufacturer’s
instructions according to the intensity of the haematologic
adverse effects.

Virological tests

Serum HCV RNA level was quantified by PCR assay (COBAS
Amplicor HCV Test v2.0, Chugai-Roche Diagnostics, Tokyo,
Japan), with a sensitivity limit of 5000 IU/mL and a
dynamic range from 5000 to 5 000 000 IU/mL [11].
Serum HCV RNA was assessed by qualitative PCR assay
(COBAS Amplicor HCV Monitor Test v2.0, Chugai-Roche
Diagnostics), with a detection limit of 50 IU/mL [12].

Assessment of efficacy

Serum HCV RNA (qualitatively or quantitatively) was mea-
sured at weeks 4, 8, 12 and 24 during treatment and after
24 weeks of follow-up without treatment. Patients were
classified as having a rapid virological response (RVR) if
serum HCV RNA was undetectable (<50 IU/mL) at week 4
and at the end of treatment response (ETR) at week 24 of
treatment. SVR was delined as undetectable HCV RNA at
week 24 alter treatment. Patients with an ETR who sero-
reverled to HCV RNA during follow-up were classilied as
relapsers.

Drug exposure

The amounts of Peg-IFN alpha-2b and ribavirin actually
taken by each patient during the treatment period were
evaluated by reviewing the medical records. The mean doses
of both drugs were calculated individually as averages on the
basis of body weight at baseline; Peg-IFN alpha-2b expressed
as pg/kg/week and ribavirin as mg/kg/day.

Data collection

The medical records were retrospectively reviewed and the
factors necessary for this examination were extracted: age,
sex, body weight, body mass index (BMI), basic laboratory
assessments, liver histology, quantitative and qualitative
HCV RNA, dose of Peg-IFN alpha-2b and ribavirin received
at each administration, and the response to trealment.

Statistical analysis

This study was a retrospective study and, for treatment
results and the analysis of related faclors, analysis was car-
ried out only for cases in which the treatment had been
completed (per-protocol analysis). Continuous variables are
reported as the mean with standard deviation (SD) or

© 2009 Blackwell Publishing Ltd



median level, while categorical variables are shown as the
count and proportion. In univariate analysis, the Mann—
Whitney U-test was used to analyse continuous variables,
while chi-squared and Fisher’s exact tests were used for
analysis of categorical data. Variables with P < 0.05 at
univariate analysis were retained for the multivariate logis-
tic-regression analysis. Stepwise and multivariate logistic-
regression models were used to explore the independent
factors that could be used to predict a virological response.
The significance of trends in values was determined with the
Mantel-Haenszel chi-square test. For all tests, two-sided
P-values were calculated and the results were considered
statistically significant if P < 0.05. Stalistical analysis was
performed using the SPSS program for Windows, version
15.0J (SPSS, Chicago, IL, USA).

RESULTS

The baseline characteristics for the total cohort are shown in
Table 1. Most of the patients were female (56%) with a mean
age of 54 years. Seventy per cent of the patients were
treatment naive. Of the 250 patients, liver biopsies were
performed for 174 patients, and 18 of them had advanced
fibrosis (F 3-4).

Of the total of 250 patients, 37 (15%) were withdrawn

from treatment because of adverse events: decreased
haemoglobin (n = 10), psychiatric problems including
depression (n = 9), fatigue (n = 3), thrombocytopenia,

neutropenia, pyrexia, rash, cerebral haemorrhage, bleeding
of ocular fundus, dyspnea, dizziness, jaundice, transaminase
rise, gastrointestinal symptoms (n = 1) and other adverse

Drug exposure has no impact on RVR and SVR 3

events (n = 4). Eight of these patients who discontinued
treatment prematurely had SVR (8/37; 22%).

Drug adherence

Seventy-nine of the 213 patients (37%) required dose
reduction of Peg-IFN alpha-2b, 99 (46%) of ribavirin
because of adverse events (not including patients who later
discontinued treatment because of adverse event). Neutro-
penia (24/79; 30%) and thrombocytopenia (24/79; 30%)
were the most common adverse events for dose reduction of
Peg-IFN alpha-2b, and decreased haemoglobin (82/99;
83%) for that of ribavirin.

Virological response

Of the 213 patients who completed 24 weeks of treatment
and 24 weeks of follow-up, 160 (75%) patients were clear of
HCV RNA at week 4, 191 (90%) at week 8, 196 (92%) at
week 12. ETR was observed for 195 (92%), and SVR for 160
(75%). The relapse rate was 18% (35/195).

Virological response according to the timing of viral
clearance

Positive and negative prediction of sustained virological response
according to the timing of viral clearance

We examined SVR rates according to the timing of viral
clearance for the case in which HCV RNA was cleared
during the treatment (Fig. 1a). The SVR rate was 92% (122/
133) for patients clear of HCV RNA until week 4, 64% (37/
58) from week 5 until week 8, 20% (1/5) from week 9 until

Table 1 Baseline demographic and viral

characteristics of patients Number of cases 250
Age (years)* 54.0+ 124 (22-76)
Sex (male/female) 110/140
Body weight (kg)* 60.3 +11.7 (39-99)
Body mass index (kg/m?)* 23.1+3.2 (16-35)
Past IFN therapy (naive/experienced)’ 175/70
HCV RNA (KIU/mL)} 1700 (4-5000 <)
Fibrosis (0/1/2/3/4) 18/98/40/14/4
Activity (0/1/2/3)% 15/81/70/8
White blood cells (/mm3)* 5210 £ 1,750 (2100-13 870)
Neutrophils (/mm?)* 2700 + 1,250 (590-9020)
Red blood cells (x10%*/mm?3)* 436 + 48 (307-554)
Haemoglobin (g/dL)* 13914 (10-18)
Platelets (x10*/mm>)* 183+ 6.4 (4-41)
ALT (IU/L)* 79 £ 77 (13-581)
v-GTP (U/L)* 56 £ 65 (7-479)
Creatinine(mg/dL)* 0.7+0.1 (0.4-1.1)

IEN, interferon; HCV, hepatitis C virus; ALT, alanine aminotransferase; y-GTP,
y-glutamy! transpeptidase. *Values expressed as mean + SD (range), Tinterferon
treatment history was not known for five patients, ivalues expressed as median
(range), Sdata for 76 palients are missing.

© 2009 Blackwell Publishing Ltd
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(a) 92%
100 (122/133)
P < 0.0001
80 - 64%
(37/58)
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Fig. 1 (a) SVR rates according to timing of viral clearance. The number above each bar shows the percentage, and the
numbers inside parentheses show the number of patients showing responses over the total number in the subgroup. The
timing of viral clearance was time-dependently correlated with SVR (P < 0.0001). (b} Negative predictive values according to
time of HCV RNA positivity. The number above cach bar shows the percentage, and the numbers inside parentheses show
the number of patients showing responses over the total number in the subgroup. The time of HCV RNA positivity was

time-dependently correlated with NPV (P < 0.0001),

week 12 and 0% (0/2) from week 13 until week 24. The
Mantel-Haenszel chi-square test showed that SVR rates were
diminished with a delay in the timing of viral clearance
becoming late (P < 0.0001). Significantly, more patients
who attained RVR achieved final SVR (92%, 122/133)
than patients who failed to attain RVR (48%, 38/80;
P < 0.0001).

Next, we examined the negative predictive value (NPV) for
the proportion of patients with trealment failure among
those with HCV RNA persistence at week 4, 8 and 12
(Fig. 1b). NPV was 53% at week 4, 96% at week 8 and
100% at week 12. Only one of the 22 patients with positive
HCV RNA at week 8 reached SVR.

Predictors of sustained virological response

Both pretreatment and treatment factors that could be
associated with the response to Peg-IFN and ribavirin com-
bination therapy were compared between patients with and
without SVR in Table 2. This univariate analysis showed
that age (P = 0.029), baseline HCV RNA level (P = 0.033),
past IFN treatment history (P = 0.028), platelets counts
(P = 0.020) and having RVR (P < 0.0001) contributed to
achievement of SVR. Factors that were significantly associ-
ated with SVR by univariale analysis were then analysed by
multivariate logistic regression analysis. SVR was attained
independent of high platelet counts [odds ratio (OR) 1.070,
95% conlidence interval (CI) 1.003-1.140, P = 0.040] and
having RVR (OR 11.526, 95% CI 5.317-24.984,
P < 0.0001; Table 3). As for drug doses, the mean dose of
Peg-IFN alpha-2b was 1.32 + 0.27 pg/kg/week in patients
with SVR and 1.27 % 0.29 pg/kg/week in those without

SVR (P = 0.130), while that of ribavirin was 10.2 * 1.9
and 10.2 £ 2.0 mg/kg/day (P = 0.949), respectively. Thus,
neither Peg-IFN nor ribavirin drug exposure during the full
treatment period affected attainment of SVR.

Predictors of rapid virological response

To delineate features that might help identify patients most
likely to reach RVR, we also analysed these lactors because
having RVR turned out to be one of the most powerful
predictors of SVR attainment. By univariate and multivari-
ate logistic-regression analyses, RVR was attained indepen-
dent of younger age (OR 0.648, 95% CI 0.494-0.850,
P = 0.002) and lower baseline HCV RNA level (OR 0.964,
95% CI 0.944-0.984, P < 0.0001; Tables 4 & 5). The
mean dose of Peg-IFN alpha-2b during the lirst 4 weeks
was 1.31 + 0.27 pg/kg/week in patients with RVR and
1.31 + 0.29 pg/kg/week in those without RVR (P = 0.259),
that of ribavirin was 10.1 £ 1.8 mg/kg/day and 10.3 *
2.1 mg/kg/day (P = 0.637), respectively. Thus, neither
Peg-IFN nor ribavirin drug exposure during the first 4 weeks
had an impact on attainment of RVR,

Virological response according to drug exposure and the
timing of viral clearance

Impact of drug exposure on sustained virological response

To more closely evaluate the impact of drug exposure on
virological response, we classified the average doses of both
drugs into four calegories (Peg-IFN alpha-2b: up to 0.9 pg/
kg/week, from 0.9 to >1.2 pg/kg/week, from 1.2 to
>1.5 pp/kg/week, from 1.5 pg/kg/week; ribavirin: up to

© 2009 Blackwell Publishing Ltd



Table 2 Factors associated with SVR

Drug exposure has no impact on RVR and SVR 5

among patients who completed the SVR Non-SVR

treatment — univariate analysis Factor (n =160) (n=53) P-value
Age (years)* 524+ 126 56.9 + 10.2 0.029
Sex (male/female) 66/ 94 26 /27 0.202
Body weight (kg)* 59.5 £ 11.5 59.9 £ 12.5 0.896
Body mass index (kg/m?)* 22.8 £ 3.1 22.8 + 3.5 0.817
HCV RNA (KIU/mL)! 1170 1600 0.033
Past IFN therapy 116/41 31/22 0.028

(naive/experienced)?

Fibrosis (F 0-2/ 3—4)§ 106/10 30/5 0.247
Activity (A 0-1/2-3)% 62/54 20/15 0.847
White blood cells (/mm?)* 5260 + 1680 4720 % 1500 0.078
Neutrophils (/mm?)* 2740 + 1270 2420 £ 1020  0.186
Red blood cells (x10*/mm>)* 435 + 44 437 + 55 0.820
Haemoglobin (g/dL)* 139+ 1.3 14.0 £ 1.5 0.441
Platelets (x10*/mm?)* 19.0 £ 6,0 16.5 + 6.2 0.020
ALT (IU/L)* 86 + 89 64 £ 45 0.514
v-GTP (U/L)* 54 + 67 58 + 59 0.512
Creatinine (mg/dL)* 0701 0.7 £ 0.1 0.457
Mean Peg-IFN dose (ng/kg/week)* 1.32 £ 0.27 1.27 £ 0.29 0.130
Mean ribavirin dose {(mg/kg/day)* 10.2 £1.9 10.2 £ 2.0 0.949
RVR (yes/no) 122/11 38/42 <0.0001

IFN, interferon; HCV, hepatitis C virus; ALT, alanine aminotransferase; y-GTP,

v-glutamyl transpeptidase; CI, confidence interval. *Values expressed as
mean = sd, 'values expressed as median, interferon treatment history was not
known for three patients, 3data for 62 patients are missing.

Table 3 Factors associated with SVR
among patients who completed the

treatment — multivariate analysis

Factor Category 0Odds ratio 95% CI P-value
Age (years) By 10 - - NS

HCV RNA (KIU/mL) By 100 KIU/mL - - NS
Platelets (x10*/mm®) By 1 x 10%mm?®  1.068  1.002-1.139  0.045
Past IFN therapy Naive/experienced - - NS

RVR Yes/no 11.251 5.184-24.419 <0.0001

IFN, interferon; HCV, hepatitis C virus; CI, confidence interval.

8 mg/kg/day, from 8 to >10 mg/kg/day, from 10
to >12 mg/kg/day, from 12 mg/kg/day). SVR rates relative
to the mean drug doses during the full treatment period and
the timing of HCV RNA clearance are shown in Table 6. As
also shown in Fig. 1a, the respective rates for SVR according
to the timing of viral clearance were 92% in patients clear of
HCV RNA until week 4, 64% from week 5 until week 8 and
14% from week 9 until week 24. On the contrary, according
to mean drug doses, the respective rates for SVR were 89%
(24/27), 73% (11/15), 79% (85/107) and 82% (40/49) in
patients who received Peg-IFN up to 0.9 pg/kg/week, from
0.9 to >1.2 pg/kg/week, from 1.2 to >1.5 pg/kg/week and
from 1.5 pg/kg/week, respectively, and 80% (24/30), 80%
(40/50), 82% (68/83) and 79% (27/34) in palients who
received ribavirin up to 8 mg/kg/day, from 8 10 >10 mg/kg/
day, from 10 to >12 mg/kg/day and [rom 12 mg/kg/day,

© 2009 Blackwell Publishing Ltd

respectively. If the category of the timing of viral clearance
was the same, the respective rates for SVR atlainment
according to the mean doses of both Peg-IFN and ribavirin
were similar. Furthermore, multivariate analysis by the
Mantel-Haenszel chi-square test showed that neither the
mean dose of Peg-IFN (P = 0.795) nor ribavirin (P = 0.649)
aflected SVR rates after stratilication of the timing of viral
clearance. Among the patients with RVR, SVR rates were as
high as 88-100% regardless of Peg-IFN alpha-2b medica-
tion, and the least medicated group (<0.9 pg/kg/week, the
mean dose with SD was 0.77 * 0.10 pg/kg/week, 0.50-
0.89) showed 100% of SVR rate (19/19). Similarly, SVR
rates were as high as 91-94% regardless of ribavirin medi-
cation among the patients with RVR, and 17 of 18 patients
(94%) in the least medicated group (<8 mg/kg/day, the
mean dose with SD was 6.9 + 0.90 mg/kg/day, 5.0-7.9)
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Table 4 Factors associated with RVR

RVR Non-RVR among patients who completed the
Factor (n=133) (n = 80) Pvalue 4 oatment — univariate analysis
Age (years)* 51.9+123 56.3 +11.3 0.010
Sex (male/female) 60/73 32/48 0.279
Body weight (kg)* 602+ 11.6  58.6+11.9  0.276
Body mass index (kg/m?)* 229 + 3.2 22,6 + 3.1 0.369
HCV RNA (K_[U/mL)Jr 1050 1800 0.001
Past IFN therapy 97/34 50/29 0.068
(naive/experienccd):‘
Fibrosis (F 0-2/3-4)3 86/8 50/7 0.315
Activity (A 0-1/2-3)° 51/43 31/26 1.000
White blood cells (per mm>)* 5300 £ 1760 4850 £ 1400 0.205
Neutrophils (per mm?)* 2740 £ 1290 2530+ 1090 0.340
Red blood cells (x10*/mm®)* 440 + 45 432 + 49 0.628
Haemoglobin (g/dL)* 139+ 14 139+ 1.4 0.975
Platelets (x10%*/mm?>)* 18.9 £ 6.1 17.5 £ 6.1 0.170
ALT (1U/L)* 87 + 93 69 + 52 0.630
v-GTP (U/L)* 57+ 71 53 53 0.658
Creatinine (mg/dL)* 0.7 0.1 0.7 £ 0.1 0.203
Mean Peg-IFN dose (pg/kg/week)*  1.31 + 0.27 1.31 £0.29 0.259
Mean ribavirin dose (mg/kg/day)* 10.1 £ 1.8 103 + 2.1 0.637

IFN, interferon; HCV, hepatitis C virus; ALT, alanine aminotransferase; y-GTP,
y-glutamy! transpeptidase; CI, confidence interval. *Values expressed as
mean + SD, Tvalues expressed as median, ¥interferon treatment history was not

known for three patients, 3data for 62 patients are missing.

Table 5 Factors associated with RVR among patients who
completed the treatment — multivariate analysis

Odds
Factor Category ratio 95% CI P-value
Age (years) By 10 0.648 0.494-0.850 0.002
HCV RNA By 100 0.964 0.944-0.984 <0.0001
(KIU/ml) KIG/mL

HCV, hepatitis C virus; CI, confidence interval.

achieved SVR. In addition, we examined the drug impact on
SVR in the patients with the least medication of both drugs
(<0.9 ng/kg/week of Peg-IPN and <8 mg/kg/day of ribavi-
rin). Nine patients were categorized into this group and six of
these patients achieved SVR (67%); patients with RVR had a
significantly higher SVR rate (100%, 5/5) than patients
without RVR (25%, 1/4; P = 0.048). Thus, SVR attainment
was dependent on lime, not on drug dose.

DISCUSSION

Tn the present study, we found that having RVR and high
platelel counts were statistically associated with reaching
SVR according to multivariate analysis. The timing of viral
clearance was closely related to the treatment eflect in

patients with genotype 2, similar to the case for those with
genotype 1. Ninety-two per cent of SVR was observed for
patients with RVR and, conversely, 96% of the patients with
HCV RNA positivity at week 8 showed non-SVR. The pre-
dictability of SVR based on EVR, delined as a decline of at
least 2-log from the baseline of the HCV RNA level at week
12, has been assessed, and genotype 1 patients who have
failed to reach EVR are recommended to discontinue the
treatment after 12 weeks, because the likelihood of SVR is
0-3% in the absence of EVR [5,13]. On the basis of our
examination of patients with genotype 2, not EVR, but
8-week monitoring of the HCV RNA level can be used.

As a significant factor for SVR, not liver fibrosis, but the
platelet count was selected. Everson ¢t al. [14] reported that
patients with low platelet counts (<12.5 x 10*/mm?)
achieved lower SVR rates than patients with normal platelet
counts (>12.5 x 10%/mm?) even in the case of patients with
the same category of liver fibrosis treated by Peg-IFN plus
ribavirin combination therapy. Thus, independent of liver
fibrosis, thrombocylopenia itself seems (o parlicipate in
treatment failure, although the mechanism remains
unknown.

Our study also demonstrated that younger age (OR 0.648,
95% CI 0.494-0.850, P = 0.002) and lower HCV RNA level
(OR 0.964, 95% CI 0.944-0.984, P < 0.0001) were slatis-
tically associated with reaching an RVR. Zeuzem et al. [7]
previously reported that pretreatment viral load was not

© 2009 Blackwell Publishing Ltd



92% (122/133)
64% (37/58)
14% (1/7)

Total

91% (20/22)
60% (6/10)
50% (1/2)

12<

91% (51/56)
74% (17/23)
0% (0/4)
82% (68/83)

10-12

8-10
92% (33/36)
54% (7/13)

Ribavirin dose (mg/kg/day)
94% (17/18)
58% (7/12)

<8

88% (28/32)
71% (12/17)

1.5<

92% (65/71)
64% (19/30)
17% (1/6)

1.2-1.5

91% (10/11)
33% (1/3)

0.9-1.2

Peg-IFN dose (ug/kg/week)

100% (19/19)

<0.9

Table 6 SVR rates according to Peg-IFN alpha-2b and ribavirin exposure and the timing of viral clearance among patients with virological response during the treatment

clearance (week)

Timing of viral

T

63% (5/8)

o
{
1

0% (0/1)
80% (40/50)

0% (0/1)
73% (11/15)

9-24
Total
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81% (160/198)

79% (27/34)

82% (40/49) 80% (24/30)

79% (85/107)

89% (24/27)

0.649 for comparison of the four ribavirin groups after

0.795 for comparison of the four Peg-IFN groups after stratification of the timing of viral clearance. **P

*P:

stratification of the timing of viral clearance.

Drug exposure has no impact on RVR and SVR 7

associated with reaching RVR in genotype 2 patients, In
contrast, Dalgard et al. [15] reported that independent pre-
dictors of RVR in genotype 2 or 3 patients were male gender,
younger age ($40 years) and low viral load (<400/KIU/mL).
The influence of viral load on reaching RVR remains con-
troversial in the Peg-IFN and ribavirin combination therapy
in genotype 2 patients, but patients with lower viral load
seem favoured to reach HCV RNA levels below the detection
limit, that is, to attain RVR, if the virological response is the
same,

Recently, because of substantial adverse effects and costs
associated with this therapy, studies have been carried out to
determine the possibility of further reducing the total
amount of drug medication without compromising antiviral
eflicacy in HCV genotype 2 and 3 patients. There seem to be
two ways to achieve. One is by shortening the treatment
duration, and the other is by decreasing the doses of the
treatment drugs. With respect to the former, several studies
on genotype 2 patients have been reported. At first, some
studies of small numbers of subjects demonstrated that
cumulatively analysed genotype 2 and 3 patients had high
SVR rates up to 12 to 16 weeks of therapy (82-94%),
similar to patients subjected to 24-week therapy (76-95%)
[16-19]. However, further prospective investigation of large
numbers of subjects revealed that shortening the treatment
duration was associated with an increase in the rate of
relapse and that signilicantly higher relapse rates led to
lower SVR rates (71-81.1%), even among those with RVR
[15,20,21]. The latest study by Mangia et al. [22] showed
that shortened therapy after RVR was acceptable only for
patients who had no signs of advanced liver {ibrosis and low
BMI. Considering the results of these trials, shortened ther-
apy is regarded as optional treatment for selected patients
displaying favourable baseline characteristics. Therefore,
shortening treatment duration from 24 weeks should not be
generally recommended for patients who are inlected geno-
type 2 or 3 and can tolerate 24-week Peg-IFN and ribavirin
combination therapy.

Another attempt to improve the treatment tolerability for
genotype 2 or 3 patients has focused on dose reduction of
treatment drugs. Weiland et al. [23] examined low-dose Peg-
IFN alpha-2a (135 ug weekly) with a weight-based stan-
dard-dose of ribavirin (11 mg/kg daily) for genotype 2 and 3
patients. They demonstrated that SVR rates of 86% were
achieved, which is equal to those in previous representative
randomized controlled studies of standard dose Peg-IFN
therapy (76-84%) [4-6]. In contrasi, Ferenci et al. [24]
examined the efficacy of standard-dose Peg-IFN alpha-2a
(180 pg weekly) with low-dose ribavirin (400 mg daily) in
comparison with standard-dose Peg-IFN alpha-2a (180 pg
weekly) and ribavirin (800 mg daily) for genotype 2 and 3
patients, and demonstrated that there was no difference
between the two treatment groups with respect to SVR rates
(64% with 400 mg/day compared with 69% with 800 mg/
day) and relapse rates (20% with 400 mg/day compared



