Table 6. Logistic regression analysis with the highest Awaist circumference or Abody mass index quartile as an
independent variable and a low eGFR at the second visit as a dependent variable in individuals without a low

eGFR at the first visit
Variables Age adjusted Multivariate adjusted*®
OR (95% CI) - p value OR (95% CI) . p value
Male (n = 1,535)
AWC-Q1,Q2,Q3 1.00 - 1.00 -
AWC-Q4 0.84 (0.39-1.83) 0.667 0.88 (0.40-1.91) 0.737
Female (n = 959)
AWC-Q1,Q2,Q3 1.00 - 1.00 -
AWC-Q4 1.30 (0.60-2.86) 0.508 1.37 (0.62-3.03) 0.432
Male (n = 1,535)
ABMI-Q1,Q2,Q3 1.00 - 1.00 -
ABMI-Q4 1.98 (1.07-3.66) 0.030 1.94 (1.04-3.61) 0.037
Female (n = 959)
ABMI-Q1,Q2, Q3 1.00 - 1.00 -
ABMI-Q4 1.22(0.53-2.83) 0.644 1.23 (0.53-2.89) 0.631

BMI = Body mass index; WC = waist circumference.
* Multivariate adjusted: Adjusted for age, systolic blood pressure, HDL-cholesterol, LDL-cholesterol, fasting

plasma glucose, and smoking status.

status of albuminuria or a low eGFR may be altered when
men without micro-/macroalbuminuria or a low eGFR,
respectively, gain BMI substantially, although such a rela-
tionship was not apparent in female subjects. Future stud-
ies should be directed toward elucidating whether these
observed gender differences were, in part, due to the
greater prevalence of other risk factors, such as increased
blood pressure, elevated fasting glucose levels, and re-
duced insulin sensitivity [20, 21], in men than in women.
Several studies have investigated the possible associa-
tion between the obesity index and CKD. A high BMI has
been reported to be associated with CKD [6, 10, 11]. Chou
et al. [22] reported that in elder Taiwanese, the waist-hip
ratio, body weight and WC, but not BMI, were predictors
of a low eGFR, and that among these predictors, the
waist-hip ratio may be the best anthropometric index for
predicting a low eGFR. Foster et al. [23] showed that the
association between obesity with an increased risk of de-
veloping stage 3 CKD was not independent, but was con-
founded by other cardiovascular disease risk factors.
These findings suggest that the mode of association be-
tween certain obesity index and CKD might differ ac-
cording to the study design and population studied.
Whether changes in obesity parameters would result
in changes in CKD status has also been investigated in

Changes in Obesity Parameters and in
CKD Status

several previous studies. Changes in body weight were
found to be associated with parallel changes in albumin-
uria in 6,894 participants of the Prevention of Renal and
Vascular End-Stage Disease (PREVEND) study during
a 4.2-year follow-up period [12]. In addition, moderate
weight loss induced by a hypocaloric and normoprotein-
ic diet in overweight patients with chronic proteinuria
resulted in a significant decrease in proteinuria [13]. Fur-
thermore, weight loss induced by an inhibitor of gastro-
intestinal lipase was associated with the reduction of uri-
nary albumin excretion [14]. Therefore, most, if not all,
studies showed that body weight reduction in overweight
subjects resulted in a reduction of proteinuria, which was
in agreement with the observation in the current study.
Compared to the association between changes in obesity
parameters and proteinuria, fewer numbers of studies
have analyzed the relationship between change in body
weight and change in eGFR. In the above-mentioned
analysis in the PREVEND study, weight loss or gain did
not significantly bring about a change in GFR [12]. Other
studies showed that GFR was decreased after weight loss
in extremely obese patients, presumably by the mecha-
nisms of amelioration of obesity-associated hyperfiltra-
tion [24, 25]. In the current study, BMI gain of >0.33 was
associated with a significantly higher risk for alow eGFR
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at the second visit in men, but not in women, who were
free from a low eGFR at the first visit. Taking all these
results together, it is suggested that the relationship be-
tween weight loss and GFR change may also differ ac-
cording to the target population. Interestingly, high BMI
is known to be associated with better survival in dialysis
patients [26] designated as a risk factor paradox [27].
The current study has several limitations. First, we ret-
rospectively analyzed data on individuals who under-
went general health screening at our institute in two con-
secutive years; therefore, individuals who did not visit
our institute the following year for unknown reasons
were not enrolled in the current study, which may cause
some biases. Second, we excluded subjects those who
were taking anti-hypertensive agents during either visit.
This may have excluded from the study population some
hypertensive subjects with proteinuria. Whether or not a
body weight change results in a change in CKD status in
such hypertensive individuals is nonetheless an impor-
tant question. However, we do not have data on which
class of anti-hypertensive agents had been used, which
might affect the development, amelioration or elimina-
tion of CKD. Third, we used the MDRD equation for the
estimation of GFR, which may result in a certain degree
of inaccuracy. In addition, changes in weight will be af-
fected not only by the changes in fat mass, but also those
in muscle mass, and eGFR determined by MDRD for-
mula is also highly dependent on muscle mass, as this
formula takes only serum creatinine into account. We
have to be carefulin interpreting the results of the current
study, as changes in muscle mass will lead to bias when
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ducing body weight in overweight/obese men with mi-
cro-/macroalbuminuria and that maintaining an ideal
body weight in non-overweight men without micro-/
macroalbuminuria or alow eGFR are both important tar-
gets of lifestyle in terms of renoprotection.
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Epidemiclogical data have indicated a clase relationship between chironic HCV infection and non-Hadg-
kin’s B-cell lymphoma (B-NHL). In this study, functional phenatypes and gene expression profiles of
PBMCs were analyzed in chronic hepatitis € {CHC) patients who developed B-NHL. The frequerncies of
effector CD8" T cells and cytotoxic natural killer cells increased in CHC patients with B-NHL compared

Ke}'"'ﬂ"de to those in CHC patients without B-NHL These phenotypic changes may reflect the host's immune
HCy ] " response to neoplasia. The mRNA expression levels of several oncogenes increased in CHC patients with-
;l:g;;l:\”‘:ik'"s B-cell lymphoma out B-NHL, but were much higher in CHC patients with B-NHL, while mRNA levels of type | IFNs were

decreased in CHC patients without B-NHL and were nearly negligible in CHC patients with B-NHL. Inter-
estingly, the mRNA expression levels of activation-induced cytidine deaminase and caspase recruitment
domain-containing proteins markedly increased in CHC patients without B-NHL but decreased in CHC
patients with B-NHL. These results are discussed in view of the possible involvement of HCV infection

Gene expresston profile

in B-cell lymplhomagenesis.

introduction

Hepatitis C virus {HCV) is an enveloped positive-stranded RNA
virus belonging to the Flaviviridae family. It has infected nearly
200 million people warldwide and is therefore an important public
health problem [1]. The liver is considered to be the primary target
of HCV infection, which is also associated with a number of extra-
hepatic manifestations, such as mixed cryoglobulinemia, rheuma-
toid factor production, Sjogren-like syndrome, and B-cell
lymphoproliferative disorders that may develop into overt non-
Hodgkin’s B-cell lymphoma (B-NHL) [2]. Recent epidemiological
data have suggested a close relationship between chronic HCV
infection and B-NHL [3}; however, experimental data concerning
these conditions remain elusive. The aim of the present study
was to compare the functional phenotypes and gene expression

Abbreviations: AID, activation-induced cyridine deaminase; CARD, caspase
recruttment domain; CHC, chronic hepatitis C; HCV, hepatitis C virus; B-NHL, B-
celf non-Hodgkin's lvmphoma; NK, natural killer; PBMCS, peripheral blood mono-
nuctear cells.
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profiles of PBMCs between CHC patients without B-NHL and those
with B-NHL. Results of this study suggest the possible involvernent
of HCV infection in the progression of B-NHL

Materials and methods

Patients and PBMCs. Thirteen healthy subjects, 19 CHC patients
without B-NHL, and 13 CHC patients with B-NHL were enralled
in this study. Demographic and clinical data were as follows: (1)
CHC patients without B-NHL (n = 19): gender {M:F = 10:9); mean
age (range)= 59.6 years {38-79 years); mean alanine aminotrans-
ferase (ALT) (IUJL} (SD} = 64.4 (23.5); mean aspartate aminotrans-
ferase (AST) (IUL) (SD)}=61.3 (19.3}; HCV genotype (No.)=1b
(18) and 2b (1); and mean HCV RNA titer = 2077 KIU/mL. (2) CHC
patients with B-NHL (n = 13): gender (M:F = 7:6); mean age (ran-
ge) = 73.1 years (52-85 years); ALT ([UfL) (SD}=28.5 (124): AST
(IUfL) (SD) = 32.4 (11.2}; HCV genotype (No.} = 1b (13); and mean
HCV RNA titer = 1288 KiUfmL. All CHC patients were confirmed
to be negative for other viral infections, including hepatitis B virus
and human immunodeficiency virus infections. Study protocols
were approved by the review board at the National [nstitute of
[nfectious Diseases and Jikei University School of Medicine. All do-
nors gave written informed consent. PBMCs were isolated by Fi-
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coll-HyPague (Pharmacia Biotech, Quebec, Canada) gradient
centrifugation.

Flow cytometry. The following fluorescence-conjugated Abs
were used for flow cytometry: Peridinin-chlorophyll-protein com-
plex-anti-CD3 (Cat. 347344, BD Biosciences, San jose, CA), APC-
anti-CD8 (Cat. IM2469, Beckman Coulter, Fullerton, CA), PE-anti-
CCR7 (Cat. FAB197P, R&D Systems, Minneapolis, MN), FITC-anti-
CD45R (Cat. A07786, Beckman Coulter), and APC-anti-CD56 (Cat.
IM2474, Beckman Coulter). Cells were washed twice with cold
PBS containing 0.2% BSA and incubated with an appropriate combi-
nation of conjugated Abs for 30 min on ice. Stained cells were ana-
lyzed using a FACSCalibur flow cytometer (Becton Dickinson, San
Jose, CA). Data were collected using CellQuest software (Becton
Dickinson, San jose, CA) and analyzed using Flowlo software (Tree
Star, Inc., Ashland, OR).

Semiquantitative real-time PCR. Total RNA was extracted from
lymphoid cells using [sogen (Nippon Cene Co,, Ltd,, Tokyo, Japan).
cDNA was synthesized using SuperScript™ [l reverse transcriptase
{Invitrogen, Carlsbad, CA) with oligo(dT) 12-18 primers (Invitro-
gen). PCR amplification was performed using SYBR Premix Ex Taq™
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il (TAKARA Shuzo, Kyoto, Japan) with gene-specific primers (Bex
Co., Ltd,, Tokyo, Japan) available in the public database RTPrimerDB
under the following entry codes (in parentheses): CCND2 (803}, AlD
(2285),IFNA (3541), IFNB(3542), FN1(3523),LMO2 (693}, and GAP-
DH (3539); real-time PCR primer sets (http:f/www.realtimepri-
mers.org/). CCND1 (J$-209); and the Universal Probelibrary Assay
Design Center (http://www.roche-applied-science.com/sisfrtpcrf
uplfindexjsp; Roche Applied Science): MYC (#34, 0468767 1001),
TP53 (#58,04688554001), MLLT3 (#25,04686993001), serine/thre-
onine kinase 15 (STK15; #79, 046838020001), FHIT (#33,
04687663001), CASP1 (#17, 04686900001), and CASP4 (#29,
04687612001). The sequences of primers for RIG-l were 5-G1G
CAA AGC CTT GGC ATG T-3' (forward) and 5-1TGG CTT CGG ATG
TGG TCT ACT C-3 (reverse).

Real-time PCR was performed for 45 cycles at 94 <C for 1 min
and 60 °C for 25 s (two-step) using a Light Cycler {(Roche Diagnos-
tics, Basel, Switzerland). Amplification of predicted fragments was
confirmed by melt curve analysis and gel electrophoresis. Standard
curves were obtained with 10-fold serial dilutions of the amplified
products. Measured amounts of mRNA were normalized against
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Fig. 1. Phenotypic analysis of PBMCs. {A) CD3'CD8'celfs (CD8' T cells} were analyzed by 2-color flow cytometry {CD45RA vs. CCR7} Fractions of naive CD8' T cells
‘CD4SRA'CCR7' Yand effector CD8' T cells {CD45RA'CCR? ) are shown. {B) Ratios of effector CD8' T cells to naive CX8' T cells in CHC patients without B-NHL {n = 191 and CHC
patients with B-NHL {referred to as NHL: n = 7} are shown. Error bars indicate SEM. (C) Lymphocytes were analyzed by 2-color flow cytomerry {CD3 vs, CDS6). The CDSEH™
fraction {cytotoxic NK cells} and CD56%'8" fraction {lymphokine-producing NK cells) are shown. (D} Ratios of cytotoxic NK celis {CD56%™) to lymphokine-producing NK cells
«CD3G™EM) 1n CHC patients without B-NHL (= 19) and CHC patients with B-NHL {referred to as NHL: n = 7} are shown. Error bars indicate SEM.
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the amounts of GAPDH mRNA. The mRNA expression levels of nor-
mal PBMCs were arbitrarily defined as 1.0

Statistics. Unpaired two-tailed Student’s ¢ tests at the 95% confi-
dence level (p < 0.05) were applied in all cases using Prism ver.4
(GraphPad Software, Inc., San Diego, CA).

Results and discussion

Functional phenotypes of PBMCs in CHC patients with or without B-
NHL

Based on CD45RA and CCR7 expressions, CD8" T cells are classi-
fied into four subsets: naive cells (CD45RA'CCR7), central memory
cells {CD4ASRACCR7*), effector memory cells (CD45RACCR7 ),
and effector cells (CD45RACCR77), as shown in Fig. 1A [4]. The ra-
tio of effector CD8’ T cells ta naive CD8* 1 cells markedly increased
in CHC patients with B-NHL compared to that in CHC patients
without B-NHL, as shown in Fig. 18, These results suggest that phe-
notypic changes, i.e., naive to effector, occurred in PBMCs during
the course of B-NHL development.

Human natural kitler (NK) cells constitute approximately 15% of
PBMCs and are divided into two subsets based on the cell surface
density of CD56, ie., CD56"S™ and CD56™ [5], as shown in
Fig. 1C. There is ample evidence to suggest that these NK cell sub-
sets have unique functional attributes and distinct roles in human
immune responses 6], The CD569™ NIC subset has higher cytotox-
icity than the D56 subset, which is capable of producing
abundant lymphokines [5]. The ratio of cytotoxic NIC cells
(CD569M) to lymphokine-producing NK cells (CD56™ %) markedly

2714

increased in CHC patients with B-NHL compared to that in CHC pa-
tients without B-NHL, as shown in Fig. 1D.

Taken together, these phenotypic changes in PBMCs of CHC pa-
tients with or without B-NHL may be attributed to the develop-
ment of B-NHL and may thus reflect the host’s immune responsce
to neoplasia.

Gene expression profiles of PBMCs in CHC patients with or without B-
NHL

Our preliminary analyses of the dynamics of innate immune-re-
lated gene expressions in PBMCs demonstrated that the mRNA
expression levels of type THEN, Le., IPN-2 and [FN-f, decreased sig-
nificantly, while those of caspase recruitment domain (CARD)-con-
taining proteins, such as RIG-[, caspase 1, and caspase 4, markedly
increased in CHC patients without B-NHL compared to norimal sub-
jects. The mRNA expression levels of various lymphomagenesis-re-
lated genes were also analyzed, and the significant increase in the
mRNA expression levels of AlD in CHC patients was of particular
interest. These levels were thought to be clasely associated with
the occurrence of B-NHL {7]. in this study, the mRNA expression
levels of interest were those of the above-mentioned genes in
PBMCs of CHC patients with or without B-NHL. Relative mRNA
expression levels of 15 genes in PBMCs were analyzed (Fig. 2),
and significant differences were observed between the three
groups: normal, CHC patients without B-NHL, and CHC patients
with B-NHL. Interestingly, there seemed to be three distinet cate-
gories in terms of mRNA expression level dynamics: (A) upregu-
lated in CHC patients without B-NHL and further more in CHC
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patients with B-NHL, (B} downregulated in CHC patients without
B-NHL and further more in CHC patients with B-NHL, and (C)
upregulated in CHC patients without B-NHL and downregulated
to normal levels in CHC patients with B-NHL.

Oncogenes and proto-oncogenes are included in category A in
which gene expression levels are highly upregulated in CHC pa-
tients with B-NHL. Overexpression of CCND1, which alters cell cy-
cle progression, is frequently observed in various tumors and may
contribute to tumorigenesis [8}. Furthermore, CCND2 is known to
be expressed at constitutively high levels in B-NHL {9] and may
thus be correlated with B-cell lymphomagenesis. it is reported that
STK15 is strongly expressed in histologically aggressive NHL [10].
Taken together, these results suggest that upregulation of these
genes is responsible for the development of B-NHL.

In contrast, the mRNA expression levels of type [ {FN, i.e, IFN-x«
and IFN-pB, markedly decreased in CHC patients without B-NHL and
were almost negligible in CHC patients with B-NHL (category B).
This downregulated type [ [FNs gene expression may be due to
strategies employed by HCV to evade antiviral innate immune re-
sponses in the host | 11]. Expression of fragile histidine triad (FHIT),
fibronectin 1 (FN1) and LIM domain only 2 (LMO2) mRNAs was
also downregulated in CHC without B-NHL and further downregu-
lated in CHC with B-NHL. Decreased expression of FHIT is corre-
lated with worse prognosis in CHC patients with B-NHL [12].
Lossos et al. reported that augmented expression of FN1 and
LMOZ is correlated with prolonged survival in patients with DLBCL
113]. Thus, downregulation of these genes in CHC patients may be
correlated with B-NHL malignancy.

Up- and downregulation of mRNA expression was noted in AlD
and CARD-containing proteins, including CASP1, CASP4, and RIG-1
{category C). AID is essential for both somatic hypermutation
(SHiM) and class switch recombination of immunoglobulin genes
in B cells {14]. It has recently been proposed that AID is instrumen-
tal in initiation and progression of B-NHL because a maifunction in
either of the above processes is apparently responsible for generat-
ing chromosomal translocations and aberrant SHM, which are the
two main causes of genetic lesions associated with B-NHL |15},

Interestingly, expression of AID mRNA, which was significantly
enhanced in CHC patients without B-NHL, was downregulated to
normal levels in CHC patients with B-NHL. We speculate that
HCV infection triggers abnormal expression of AID mRNA and that
after B-NHL develops, AID expression is not necessarily upregu-
lated further. Downregulation of AID mRNA expression in CHC pa-
tients with B-NHL may reflect lower HCV RNA titers when
compared to those of CHC patients without B-NHL (2077 KIU/mL
in CHC patients without B-NHL vs. 1288 KIU/mL in CHC patients
with B-NHL).

CARDs are interaction motifs found in a wide array of proteins,
particularly those involved in inflammatory and apoptotic pro-
cesses | 16]. Caspases 1 and 4, which are CARD-containing proteins,
are classified as inflammatory caspases [ 17]. HCV infection is a ma-
jor cause of liver disease characterized by inflammation, cell dam-
age, and fibrotic reactions of hepatocytes; apoptosis has also been
implicated in the pathogenesis. Enhanced expression of both cas-
pase mRNA may be a consequence of HCV infection in CHC patients
without B-NHL. On the other hand, both caspases are also involved
in apoptosis and thought to suppress tumor progression [18].
Therefore, reduced mRNA expression of CASPT and CASP4 in CHC
patients with B-NHL may be correlated with B-NHL progression.

RIG-], another CARD-containing protein, is a ¢ytoplasmic sensor
molecule for dsRNA, including HCV RNA, and plays a critical role in
antiviral innate immune responses {19}, RIG-I mRNA expression
increased in CHC patients without B-NHL (p < 0.0005) and de-
creased in CHC patients with B-NHL (p < 0.005). This may account
for the fact that enhanced RIG- expression results in augmentation

of antitumor activity by producing inflammatory cytokines and
inducing apoptosis [20}].

n conclusion, the present study indicates noticeable alterations
in both functional phenotypes and gene expression profiles be-
tween PBMCs of CHC patients without B-NHL and those of CHC pa-
tients with B-NHL. Our results support the notion that HCV
infection is at least partly responsible for the development of B-
NHL in CHC patients.
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ARTICLE INFQ ABSTRACT

A bodyrof evidence has éuggesied a close link betWeen chronic hepatitis C virus {HCV) iﬁfection and B cell
abnormalities, including mixed cryoglobulinemia, rheumatoid factor (RF) production, and lymphoprolif-
erative disorders that may develop into non-Hodgkin's lymphoma. Recent studies have demonstrated the
expansion of CD5” B cells in the peripheral bloed of chronic hepatitis C patients {CHC). As CD5* B cells,
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KE}'WOde.‘ whicl are capable of producing autoantibodies and RF, are apparently crucial for the development of
:;(c\é‘ll‘ HCV-associated pathogenesis, the fate of both the CD5” and (D5 B cell subsats upan chronic HCV infec-
3

tion is of interest, In this study, the degree to which chiranic HCV infection induces apoptasis in each B cell

/(\gzpmg s subset was investigated, Our results demonstrated that peripheral CD5 ™ B cells were more susceptible to
apoptasis than (D5 B cells in CHC, Furthermore, plasma levels of -4, IL-10, and 1L-12 were significantly
elevated in CHC. thus suggesting that these interfeukins pratect CD5 B cells from apaptasis. The rationale
for the differential susceptibility of distinct B cell subsets in CHC is also discussed with regard to extra-
hepatic manifestations associated with chronic HCV infection.

© 2008 Elsevier Inc. All rights reserved.
Introduction to be closely correlated with HCV infection [9]. Curry et al. recently

Hepatitis € virus (HCV) infection is one of the major causes of
chronic liver disease, affecting nearly 200 million people world-
wide [1]. Although the liver is considered to be the primary target,
HCV infection is also associated with extrahepatic manifestations
such as mixed cryoglobulinemia (MC), rheumatoid factor (RF)
production and B cell lymphoproliferative disorders that may
develop into avert non-Hodgkin's B-lymphoma (B-NHL) [2]. How-
ever, the pathogenic relationship between HCV infection and these
immunological disorders remains uncertain,

The CD5" B cell subset identified in carly 1980s {3} has attracted
considerable interest because of its association with auteimmune
pathology [4]. CD5" B cells are the predominant B cell population
in the fetus but are rare in adults, and seem to constitute a primi-
tive but effective first line of defense against foreign pathogens [5].
The expansion of CD5* B cells in rheumatoid arthritis {6], Sjoegren
syndrome {7] and MC [8] has also implicated them in the develop-
ment of autoimmune disorders. Interestingly, these disorders seem

Abbreviations: B-NHL, non-Hodgkin's B-lymphoma: CHC. chronic hepatitis C
patients; HCV, hepatitis C virus; MC, mixed cryoglobulinemia; RF, rheumatoid
factor,

* Corresponding author. Fax: +81 42 562 7875.

E-mait address: miz@nih.go jp {T. Mizuochi).

! Present address: Institute of Life Science and Medicine, Science Research Center,
Yamaguchi Umversity, I-1-1 Minami-kogushi. Ube, Yamaguchi 755-8505, japan.
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demonstrated the expansion of CD5" B cells in peripheral blood
from chronic hepatitis € patients (CHC) [10} and within the liver
of non-cirrhotic CHC [ 11}, These results strongly suggest a correla-
tion between HCV pathogenesis and the expansion of peripheral
CDS5" cells; however, the mechanisms underlying this CD5* B cell
subset-restricted expansion upon HCV infection remain unknown.

In this study, we compared the susceptibility of the peripheral
CDS5* and CD5™ B cell subsets to apoptosis in both normal subjects
and CHC. Our results demonstrated the differential susceptibility
to apoptosis between the two B cell subsets in CHC but not in
normal subjects. Enhanced levels of anti-apoptotic cytokines in
CHC plasma may be responsible for the apoptosis resistance of
CD5* B cell in CHC,

Materials and methods

Patients and samples. A total of 25 CHC were enrolled in this
study, Demographic and clinical data were as follows: gender
(M:F)= 15:10; mean age (range)=60.8 years (44-80 years); HCV
genotype (No.}=1b (15) and 2a (10); mean HCV RNA (KIU/mL)
(SD}= 1836 (1506}); mean alanine aminotransferase (ALT) (U/L)
(SD}=57.3 (18.1); and mean aspartate aminotransferase (AST)
(UL} (5D} =473 (17.7). The study protocols were approved by
the Review Board at the National Institute of Infectious Disease.
All donors gave written informed consent before phlebotomy. A
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total of 15 normal control subjects included anonymous volunteer
blood donors visiting the Japanese Red Cross Blood Center (Tokyo,
Japan), who were confirmed to be negative for HCV, HBV, and HIV.

Clinical tests. HCV genotype was determined by PCR of the core
region with genatype-specific primers [12]. HCV RNA was quanti-
fied by the Roche Amplicor assay (Roche Diagnostics, Branchberg,
Nj), and results were standardized to international units (fU).
Determination of serum levels of ALT and AST was performed using
standard methaods.

How cytometry. The following fluorescence-conjugated antibod-
ies (Abs) were used for flow cytometry: allophycocyanin-anti-CD19
(MHCD1905; Invitrogen, Carlsbad, CA); and PerCP-Cy5.5-anti-CD5
{Cat. 341089; BD Biosciences, San jose, CA). Cells were washed
twice with cold PBS containing 0.2% BSA, followed by incubation
with an appropriate combination of directly conjugated Abs for
30 min on ice. Stained cells were analyzed by FACSCallibur (Becton
Dickinson, San jose, CA). Data were collected using CellQuest soft-
ware {Becton Dickinson, San Jose, CA} and were analyzed using
Flowlo software (Tree Star inc., Ashland, OR).

Assessment of apoptotic cell death. Levels of Annexin V binding to
both CD5* and CD5~ B cells were assessed with a commercially
available Annexin V apoptosis detection kit Annexin V-FITC (PN
IM3546, Beckman Coulter, Fullerton, CA) according to the manu-
facturer's instructions.

Plasma cytokine assay. Plasma samples were analyzed for IL-2,
L4, IL-5, IL-10, [L-12p40Q/p70, IL-13, IFN-v, and TNFo using a Hu-
man Cytokine Thirty-plex antibody bead kit (BioSource Int. Inc,
Camarillo, CA) according to the manufacturer’s instructions. Assay
results were obtained using a Luminex 100™ reader {Luminex Co.,
Austin, TX).

Statistics. Unpaired {two-tailed) Student’s t-test was applied at
the 95% confidence level (p < 0.05) using Prism verd {GraphPad
Software, Inc., San Diego, CA} in all cases.

Results and discussion
increased frequency of peripheral bleed CD5" B cells in CHC

The frequencies of peripheral blood CD19* cells (B cells) and
CD5* cells (mostly T cells) were comparable between normal sub-
jects and CHC, as shown in Fig. 1A and B, respectively. Although
CD5 is primarily a pan-T cell marker, a particular B cell subset,

termed B-1 or B-la cells, expresses the (D5 molecule [13,14]
When the percentages of peripheral CD5" cells in CD19* cells
was analyzed, a significant increase was naticed in CHC when com-
pared to normal subjects (Fig. 1C). It was also verified that the fre-
quencies of peripheral CD5'CD19* cells were significantly elevated
in CHC (Fig. 1D). These results were concordant with a previous

. study by Curry et al., in which they concluded that immune com-
" plex formation by expanded CD5" B cells may limit the develop-

ment of progressive liver disease [10].

CD5" B cells, which are characterized by the production of low-
affinity IgM with RF activity [5], have been shown to expand in pa-
tients with MC [8] and in those with Sjeegren’s syndrome {7}
[nterestingly, the correlation between chronic HCV infection and
the above-mentioned manifestations has been widely appreciated
[15]. Therefore, we aimed to investigate the fate of both the CD5°
and CD5™ B cell subsets upon chronic HCV infection.

Differential susceptibility of peripheral blood CD5" and D5~ B cells to
apoptosis in CHC

The levels of spontaneous apoptosis among peripheral blood
CD5* and CD5™ B cells in both normal subjects and CHC were ana-
lyzed using three-color flow cytometry by staining with allophyc-
ocyanin-anti-CD19, PerCP-Cy5.5-anti-CD5 and Annexin V-FITC
Representative staining data from experiments analyzing eight
normal subjects and ten CHC with similar results are shown in
Fig. 2A and B, respectively. The patterns of Annexin V binding were
almost identical between CD5* and CD5~ B cells in normal subjects
(Fig. 2A). In contrast, as shown in Fig. 2B, (D5~ B cells bound ta
much larger amounts of Annexin V than CD5' 8 cells in CHC. The
percentages of each cell subset bound to large amounts of Annexin
V are shown in Fig, 2C (the cut-off point was tentatively set at a
fluorescence intensity of 2000). it was concluded that, CD5~ Beells
were more vulnerable 1o apoptosis than CD5* 8 cells upon HCV
infection; in other words, CD5* B cells were apparently resistant
te apoptosis.

Elevation of anti-apoptotic cytokine levels in CHC plasma
A number of cytokines, including [L-2, {L-4, [L-10, [L-12p40/p70,

[L-13, IFN~y, and TNFo, are known to suppress apoptosis of leuke-
mic CD5* B cells, and may be closely involved in the pathogenesis

A B C D
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Fig. 1. Flow cytometric analysis of PBMC from normal subjects and CHC. Lymphocytes were identified by forward and orthogonal light scatter characteristics, Percentages of
CDI9' cells (&), CDS' cells (B), CD5' (%) in CD19' cells {C), and CD5'CD19’ cells (D) in normal (1 = 10} and CHC {n = 25} arc shown with SEM bars and p-values,
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of chronic lymphocytic leukemia (8-CLL) {16,17]. Some anti-apop-
totic cytokines, i.e., IL~4 and IL-10, have been shown to protect cord
blood CD5* B cells from apoptosis [18,19}. These findings prompted
us to examine the cytokine levels in CHC plasma. Our assumption
was that anti-apoptotic cytokine levels are elevated in CHC, there-

A

by preventing apoptosis of CD5* B cells. As shown in Fig. 3A, B, and
C, plasma levels of IL-4, 1L-10, and IL-12 were significantly elevated
in CHC when compared with normal subjects, which supported our
prediction. In addition, plasma levels of other anti-apoptotic cyto-
kines for leukemic CD5" B cells, i.e., 1L-2, IL-13, IFN-v, and TNFs,
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Fig. 2. Annexin V binding to €D5' and CD5 B cells. Representative staining patterns for Annexin'V binding to'CD5" {red lincy and CD5 {green fine) B cells are shown in
normal subjects {Ayand in CHC/{B). Blue lincs indicate background [bkg)staining in negative controls. (C) Summary of dats on Annexin V binding to CD5° {red bar} and CD5
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were not significantly elevated (Fig. 3D-G). These results reflect
the differences between leukemic CD5" B cells and CHC CD5* B
cells in terms of the functional expression of cytokine receptors.

The elevation of IL-101levels in CHC plasma is of particular inter-
est because CD5* B cells themselves are known to produce {L-10
{20}, and this autocrine loop may result in further expansion of
the CD5" B cell subset. As IL-5 plays a critical role in the develop-
ment of CD5" B cells and may be responsible for prolonging the
lifespan of immature CH5° B cells [21], we were interested in the
plasma levels of IL-5 in CHC. As shown in Fig, 3H, no significant dif-
ferences in IL-5 levels between normal subjects and CHC were
found, suggesting the minimum involvement of [L-5 in the expan-
sion of CD5' B cells in CHC.

Enhanced expression of Bel-2 is thought to be responsible for
resistance to-apoptosis {22]. We therefore analyzed the expression
levels of Bel=2 mRNA in PBMC purified from normal subjects and
CHC, but nosignificant differences were observed {data not
shown). Kessel et al. reported that the expression of intracellular
Bel-2 protein in B cells was higher in peripheral blood than in cord
blood, which may explain the increased susceptibility of cord
blood B cells to apoptosis [18}. However, the difference that they
observed in flow cytometry utilizing anti-Bcl-2 antibody was very
subtle (MFI: 2.85+ 1.3 vs 1.6 £ 0.9} and barely statistically signifi-
cant {p=0.05) Toubi et al. analyzed the Bcl-2 expression levels
in B cells from healthy individuals-and HCV-positive patients, but
did not-detect any differences between them {23} Thus; the under-
lying mechanism, other than augmented expression of Bcl-2,
responsible for the resistance to apoptosis recognized in the CD5*
B cell subset remains uncertain and needs to be clarified.

The preferential apaptosis of peripheral CD5- B cells in CHC
demonstrated in thespresent study'is consistent with the results
previausly reported by Toubi et al. {23]. The present study not only
confirmed their findings but, for the first time, revealed the possiz
ble involvement of anti-apoptotic cytokines in protecting CDS*
B cells from apoptosis. Apoptosis:of peripheral B cells in CHC has
received same attention, chiefly because of the increased release
of cell nuclear autoantigens-and subsequent development of auto-
immunity [24]. [t is plausible that €D5~ B cells, which are prone to
apoptosis, are the main source of autocantigens, whereas €D5*
B cells, which are resistant to’apoptosis and may expand inan
autocrine fashion by producing anti-apoptotic [L-10, are the main
praducers of autoantibadies.

In conclusion, the present study demaonstrated a difference be-
tween the €D5° and: €D57 B cell subsets in CHE in terms of their
susceptibility to apoptosis. Elevation of anti-apoptotic cytokines
in CHC plasmaseems to be responsible for the prevertion: of
CD5* B cells from. apoptosis, The extended survival of the CD5*
B cell subset may be relevant to the development of autoimmunity,
as well as lymiphopraliferative disorders in the periphery or within
the liver upon HCV infection. Future studies are required in order
ta enhance our understanding of the processes in the development
of the pathogenesis associated with HCV infection.
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Abstract

Double-filtration plasmapheresis (DFPP) was approved in Ja-
pan in-April 2008 for the retreatment of chronic hepatitis C
patients with genotype 1band high viral loads, whose hepa-
titis C virus was not eradicated by earlier IFN therapy or by
pegylated’ IFN :plus’ ribavirin (PEG-IFN/RBV) - combination
therapy. In this study, we assessed the early viral dynamics of
9 patients with non-sustained virological response to-the
combination therapy. The overall viral dynamics of DFPP
plus IFN treatment with or without RBV for 4 weeks showed
areduction of =1logintheviralload in 22% (2 of 9 patients),
55.6% (5/9), 77.8% (7/9) and . 77.8% (7/9).at 24 h, 1, 2-and 4
weeks after the start of treatment. By contrast, DFPP plus

consecutive intravenous IFN-f for 4 weeks reduced the viral
load by =1 log in33%(2/6), 50% (3/6), 83.3% (5/6) and 83.3%
(5/6) at 24 h, 1, 2 and 4 weeks. The viral load declined by =2
log.in 50% (3/6) at 4 weeks after the start of treatment. DFPP
plus consecutive intravenous IFN-§3 for 4 weeks is:a prom-
ising treatment for non-sustained virolgical response pa-
tients: Copyright © 2010 S. Karger AG, Basel

Introduction

Hepatitis C virus (HCV) infection is the major cause
of chronic hepatitis, liver cirrhosis, and hepatocellular
carcinoma (HCC) in industrialized countries. HCV in-
fection is manageable, however, and its complications can
be prevented by antiviral therapy [1, 2]. Currently; the
most effective treatment for chronic HCV infection is
based on pegylated interferon plus ribavirin (PEG-IFN/
RBV) combination therapy [3]. Nonetheless, sustained
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virological response (SVR) rates for those infected with
the most resistant genotypes (HCV-1a and HCV-1b) still
hover around 50% {3, 4].

To surmount this SVR rate with combination therapy,
several trials have been undertaken, two of which are: (1)
retreatment with combination therapy and (2) double-
filtration plasmapheresis (DFPP). By the protocol-de-
fined primary analysis of the former, the SVR rate has
been 16% at most, even: for a 72-week induction group
[5].

The use of DFPP [approved in Japamrin April 2008 for
the retreatment of chronic hepatitis C (CHC) patients
with genotype 1b and high viral loads] together with IFN
administration has produced a substantial reduction in
the viral load during the early stages of treatment and has
effected a high SVR [6], suggesting that this treatment
is a new modality for CHC patients in difficult-to-treat
states. In this study, we used DFPP plus IFN to enharice
the efficacy of the treatment of CHC patients whose HCV
was not eradicated by earlier PEG-IFN/RBV combina-
tion therapy, and we assessed early viral dynamics associ-
ated with SVR.

Patients and Methods

Patients

Nine patients (aged 43-66 years) whose HCV had not been
eradicated by earlier PEG-IFNo-2b plus RBV combination ther-
apy carried out between 2008 and 2009 were enrolled in this
study. The patients were divided into 2 groups: partial responders
(PR; relapse after the end of therapy) and non-responders (NR; no
disappearance of HCV RNA during therapy). All the patients
were confirmed to be HCV RNA positive with high transaminase
levels persisting for 6 months or longer, and with HCV RNA ge-
notype 1b at levels exceeding 10° log TU/ml in blood (as deter-
mined before the start of therapy by real-time PCR). Also, the
patients were negative for hepatitis' B-surface antigen. Patients
with platelet. counts of <10 x.  10%/pl; leukocyte counts of
<3,000/1}; or hemoglobin levels of <12 g/dl were excluded from
the study:

Each patient gave written informed consent and agreed to re-
ceive concomitant DFPP; and the study was approved by the re-
view board of the Kobe Asahi Hospital. ;

DFPP and Blood Collection

Blood collected from the peripheral vein for DEPP by a Plas-
maflo™ OP-18W filter (Asahi:Kasei Medical, Tokyo, Japan) was
separated into plasma and cell components. The virus was then
removed from the plasma by a second filter (Cascadeflo™ EC-
50W; Asahi Kasei Medical) of an average pore size of 30 nm. For
each session, the final volume of treated plasma was 50 ml/kg;
the number of sessions was 5 over 2 weeks, and the time of DEPP,
based on the reduced plasma fibrinogen levels during DFPP, was
decided by the physicians and as required by the patients.

Plasmapheresis plus IFN for
Non-Responders to Previous Therapy

Types of IFN for 4 Weeks with DFPP

During DFPP, the patients were treated with different kinds of
IFN: patient 1 with PEG-IFNa-2b plus RBV for 4 weeks; patients
2 and 3 with IFN-B 3 MU twice daily for 2 weeks and PEG-IFNa-
2a plus RBV for 2 weeks; patients 4 and 9 with IFN- 3 MU twice
daily for 2 weeks and IFN-B 6 MU daily for 2 weeks; patient 5 with
IFN-B 3 MU twice daily for 10 days and IFN-$ 6 MU daily for 18
days, and patients 6, 7 and 8 with IFN-B 3 MU twice daily for 4
weeks. The dose of PEG-IFNa-2bwas 1.5 ug/kg and 180 pg of -
2a per week. The RBV dose was 800 mg/day with a-2b'and 600-
800 mg/day with o-2a. -After DFPP:plus IFN treatment for 4
weeks, all patients were scheduled to receive PEG-IFN/RBV com-
bination therapy (patient 1; PEG-IFNa-2b 1.5 nug/kg per week
plus RBV 800 mg/day; patients 2-9: PEG-IFNa-2a 180 g per
week plus RBV 600-800 mg/day).

Amino Acid Substitutions in the Core Region (aa 30 and

aa 91) and Number of IFN Sensitivity-Determining Region

Mutations

We measured pre-treatment factors such as prediction of clin-
ical outcome of therapy, amino acid sequence variation in the
NS5A region (referred to as IFN sensitivity-determining regions)
and in the core protein regions (aa 70 and aa 91) of HCV with a
given genotype, and the viralload. '

HCV RNA Measurement

The quantity of HCV RNA was measured by real-time PCR
{detection limit 1.2 log IU/ml); by HCV core-aiitigen (detection
limit 20 fmol/l); and by RT-PCR (Amplicor HCV monitor v 2.0;
Roche; detection limit 50 1U/ml).

Virus Removal at Second Filter Inlet and Outlet
~ Plasma was collected twice from the inlet and outlet of the
second filter during 1 session of DFPP: once when the treated
plasma volume reached half of the target quantity, and once when
DEPP was completed. The change in the quantity of HCV. RNA
was evaluated through the plasma samples collected.

Viral Reduction and Viral Response Rate

The quantity of HCV RNA was converted to alog value at the
beginning of the treatment (A) and at each of the virus meastire-
ment points (B). Alog was then calculated: Alog = logA = logB =
log (A/B).

Evaluation of DFPP Safety

The subjective and objective adverse events of DFPP were ob-
served, and five clinical factors were measured (platelet and lym-
phocyte counts; and hemoglobin, albumin and fibrinogen levels)
before the first session of DEPP, before successive sessions on the
second, third, fourth, fifth and sixth days, and 2 weeks after the
last session.

Statistical Analysis

Statistical analysis consisted of analysis of variarice for patient
background factors; and the paired t test for quantities of HCV
RNA at the second filter inlet during DEPP. The t test was used
for viral load reductions and Fisher’s exact test for viral response
rates among the groups. The t test was 2-tailed, and differences of
p < 0.05 were considered significant.

Intervirology 2010;53:44-48 45

—636—



o Results
a .
<
R 5 g g 5 Of the 9 patients, 1 was PR and 8 were NR. Virus mu-
g | EE- l; 22 - Eg g tation in the core region was as follows: wild type (7 pa-
g i - 5 tients) and mutant type (2 patients) at aa 70; wild type (6
= e~ . .
E IR somizzizmz |3 patients) and mutant type (3 patients) at aa 91. IFN sensi-
= |8 PEREFFERE 8 tivity-determining regions demonstrated mutation 1 (5
u £ patients) and mutation 0 (4 patients), while mutation 2
ER: EREEEZEEE | 3 was not seen in any patient. The overall viral dynamics
g - N of DEPP plus IFN treatment with or without RBV for 4
% 2 4 g BE =) § 55353 § Zz weeks showed a reduction in the viral load of =1 log in
g‘é E CCPBEEEEE i 22% (2 of 9 patients), 55.6% (5/9),.77.8% (7/9) and 77.8%
83 5 (7/9) at 24 h, 1, 2 and 4 weeks after the start of treatment,
2im =78 BV ] i > Ly
g% £5li|383383333 |2 respectively. The early viral dynamics after DEPP plus
7] =3 : : ~
=g £ 4a s g 28 g consecutive 1ntr'aver‘10us IFN 3 treatment for' 4 erks
HE|95E 1828082298 = showed a reduction in the viral load of =1 login 33% (2
o~ —
- e of 6 patients), 50% (3/6), 83.3%.(5/6) and 83.3% (5/6) at
EEEEEE E| & 24 h; 1, 2 and 4 weeks after the start of treatment, respec-
& SEREBREBRET %} 3 tively. The réduction of the viral load by =2 log was ob-
| 8 EEEEEEEES E served in 50% (3.of 6 patients) at 4 weeks after the start of
| : :ﬁ; treatment (table 1)
| gl ~cntoawnaal d
" z i HI G S AN ?:f
F ] in
% S1882333324g _‘g’ Discussion
§ |a |Z/32232333% 2 New drugs to replace IFN as well as drugs that can be
g & g p &
:% Eo Sluzzenas nwe | @ used in combination with.IFN are being actively devel-
- SO0 Lot T » .
g R 5 § oped. Also, attemptsare b'emg made to find ways to phys-
5 Eosx | g 2 o3 ically remove HCV particles from the blood. Granulo-
2 y p
E1$§8 |5 oo g ¥ o
£ 858 |S2R8833REN | T cyte apheresis, plasma exchange and hemofiltration have
2 g8 been applied to HCV-infected patients for the treatment
g sge ') [y
- P 5| %E of ‘cryoglobulinemia and: vasculitis, modalities: which
é —g g z i Sles have been shown to reduce HCV RNA: in the blood dur-
o e O P BN~ . P
i == g'g 5z § ing treatment [6-11]. The mechanisms of the clinical re-
= = % ) =g sults of plasmapheresis have been described, whereby
é DR § é :2) = g HCV in the blood is related to the effects of IFN thera-
3 & & S 4 g% py that could be enharnced by removing the virus from
ol - 0oz & z | . & blood [12-14]. Low-densitylipoprotein-cholesterol apher-
&= S B8 ylpop - :
& | a c;' Ay T we esis and plasma exchange in hypercholesteremic patients
2 ﬁ; 92398 F223239|a g with HCV infection reduces the quantity of HCV RNA
= bt ES « g . * k3
£ Fi3ae3333 c g in the blood of some patients [15]. Hemodialysis, hemo-
kY E 5 §§‘§§ 5889 § filtration and peritoneal dialysis in chronic dialysis pa-
g & PR N o tients infected with HCV significantly lower HCV RNA
= Lo . .
5 Z E SESEEIIIZ| O levels in the blood [16]. Combined granulocyte apheresis
TlE costoool = i for CHC [17-19] and the prerequisite
g% Homamoaonal o with IEN therapy for prereq
& REZZEZZZEZ 5 5 for early reduction of the virus in the treatment of CHC
BLE S0 Al Z 3 [20, 21] are essential. Thus, the potential effectiveness of
LE Sy Snkmsann & ) IFN therapy combined with early physical removal of the
2 f N R virus is of particular interest.
s | <
= | O IR N T BTN SR N
46 Intervirology 2010;53:44-48 Kimetal.
—637—




Asahina et al. [22] studied HCV dynamics in both se-
rum and peripheral blood mononuclear cells in 44 pa-
tients, with HCV genotype 1b and high viral loads, ran-
domly assigned to 4 treatment groups: (1) combination
therapy with 6 MU daily of IFNa-2b plus 800 mg of RBV;

(2) monotherapy with 6 MU daily of IFNa-2b; (3) mono-

therapy with twice-daily intravenous administration of 3
MU of IEN-B, and (4) monotherapy with daily intrave-
nous administration of 6 MU of IEN-f. HCV. RNA levels
measured serially by highly sensitive real-time PCR and
HCV dynamics in both serum and peripheral blood
mononuclear cells have demonstrated a ‘biphasic’ pat-
tern. The exponential decay slopes of the second phase
have been significantly higher in the combination or the
twice-daily dose regimen groups than in group 2 or 4
(0.10 £ 0.08 vs. 0.02°% 0.09 or 0.16 £ 0.09 vs..0.02 &
0.04 day%; p < 0.05 and p < 0.0005, respectively) [22].
Kim et al: [23]'observed thata daily dose of IFN-B 6 MU
for 4 weeks effects a2 log decrease in the HCV RNA load
in 7 patients with genotype 1b and high viral loads.

In this study, early viral dynamics were assessed in the
9 patients non-SVR to the combination therapy. The
overall viral dynamics of DFPP plus IFN treatment with
or without RBV for 4 weeks reduced the viralload by =1
log in 22% (2 of 9 patients), 55.6% (5/9), 77.8% (7/9), and
77.8% (7/9) at 24 h; 1, 2 and 4 weeks after the start of treat-
ment; respectively. DFPP. plus consecutive intravenous
IEN- treatment for 4 weeks reduced the viralload by =1
log in 33% (2/6), 50% (3/6), 83.3% (5/6) and 83.3% (5/6) at
24 h, 1,2 and 4 weeks after the start of treatment, respec-
"~ tively:

The prerequisite for early virological response (EVR;
indicating negative HCV RNA at 12 weeks) has been em-

References

=

Hoofnagle JH; Seeff LB: Peginterferon and

5 Jensen DM, Freilich B, Andreone P, et al: Pe-

phasized in predicting SVR and non-SVR in CHC pa-
tients undergoing IFN treatment; those who do not reach
EVR fail to respond to further therapy. Treatment dis-
continued in patients not reaching EVR would reduce
drug costs by more than 20%; consequently, early confir-
mation of viral reduction after initiating antiviral thera-
py for CHC is highly desirable [24].

To be able to predict SVR with PEG-IFN/RBV treat-
ment, reduction of the HCV RNA viral load by week 4 is
considered essential. A 2 log reduction in the HCV RNA
viral load by week 4 is a prerequisite to achieving SVR
with PEG-IFEN/RBV treatment [25]. In our study of
DFPP plus consecutive intravenous IFN-§ treatment
for 4 weeks, a reduction in the viral load of =2 log was
achieved in 50% (3 of 6 patients) at 4 weeks after the start
of treatment.

From the above considerations, DFPP plus consecu-
tive intravenous IFN-{ treatment for 4 weeks is a promis-
ing regimen for non-SVR patients with genotype 1b and
high viral loads, previously treated with PEG-IFN/RBV
therapy. Further studyis needed to elucidate the SVR rate
in a larger number of patients given DFPP plus IFN treat-
ment, especially with consecutive intravenous IFN-8.

Acknowledgment

We are indebted to  Yoshiko Kawamura for assistance in the
preparation of the manuscript.

Disclosure Statement

No conflict of interest exists:

8 Manzin A; Candela M, Solforosi L, Gabrielli

ribavirin for chronic hepatitis: C. N. Engl J
Med 2006;355:2444~2451.

Pawlotsky JM: Therapy of hepatitis C: from
emipiricism to eradication. Hepatology 2006;
43:5207-5220.

Manns: MP,: McHutchison' JG; Gordon SC,
Rustgi VK, Shiffman M, Reindollar R, et al:
Peginterferonalfa-2b" plus ribavirin com-
pared with interferon alfa-2b: plus ribavirin
for initial treatment of chronic hepatitis C: 2
randomised trial. Lancet 2001;358:958-965.
Fried MW, Shiffman ML, Reddy KR; Smith
C, Mdrinos G, Goncales FL Jr; et al: Peginter-
feron alfa-2a plus ribavirin for chronic hepa-
titis C virus infection. N Engl J Med 2002;
347:975-982.

gylated interferon alfa-2A (40KD) plus riba-
virin (RBV} in prior non-responders to peg-
ylated interferon alfa-2B (12KD)/RBV: final
efficacy and safety outcomes of the repeat
study. . Hepatology: 2007;46(suppl 1):291-
292,

6 Fujiwara K, Kaneko S, Kakumu S, et al: Dou-
ble filtration plasmapheresis and interferon
therapy for chironic hepatitis C patients with
genotype 1 and high viral load. Hepatol Res
2007;37:701-710.

7:Fabrizi F, Martin P, Dixit V, et al; Biological
dynamics of viral load in hemodialysis pa-
tients with hepatitis C virus. Am J Kidney
Dis2000;35:122-129.

10

A, Clementi M: Dynamics of hepatitis C vi-
remia after plasma exhange. ] Hepatol 1999;
31:389-393.

Ramratnam B, Bonhoeffer S, Binley ], et al:
Rapid production and clearance of HIV-1
and hepatitis C virus assessed by large vol-
ume: plasma: apheresis. Lancet 1999;354:
1782-1785.

Schettler V, Monazahian M, Wieland E,
Thomssen R, Muller GA: Effect of heparin-
induced extracorporeal low-density lipopro-
tein precipitation (HELP) apheresis on hepa-
titis C plasma virus load. Ther Apher 2001;5:
384-386.

Plasmapheresis plus IEN for
Non-Responders to Previous Therapy

Intervirology 2010;53:44-48 47

—638—



1

o

12

13

14

Schettler-V,-Monazahian M, Wieland E;et
al: Reduction of hepatitis C virus load by
H.E.L.P-LDL apheresis. Eur | Clin Invest
2001;31:154-155.

Sakai A, Kancko S, Matsushita E, Kobayashi
K: Floating density of hepatitis C virus par-
ticles and response to interferon treatment. |
Med Virol 1998;55:12-17.

Sakai A, Kancko §, Kobayashi K: Immuno-
adsorption therapy for HCV infected chim-
panzee. Nippon Rinsho 2001;59:1374-1378.
Yamashita T, Arai K, Sakai A, et al: Virolog-
ical effects and safety of combined double fil-
tration plasmapheresis (DFPP) and interfer-
on therapy in patients with chronic hepatitis
C:a preliminary study. Hepatol Res 2006;36:
167-175.

Marson P, Boschetto R, De Silvestro G, et al:
Changes in HCV viremia following LDL
apheresis in a HCV positive patient with fa-
milial hypercholesterolemia. Int J Artif Or-
gans 1999;22:640-644.

18

20

21

Ishida H; Tanabe K; Tokumoto Tyetal: Hep-
atitis C virus decrease in patients with main-
tenance hemofiltration therapy. Artif Or-
gans 2004;28:316--318.

Diepolder HM, Kashiwagi N, Teuber G, et
al: Leucocytapheresis with Adacolumn en-
hances HCV-specific proliferative responses
in patients infected with hepatitis C virus
genotype 1. ] Med Virol 2005;77:209-215.
Sawada K, Masaki N, Hayashi §, et al: Im-
munomodulatory effects of selective leuco-
cytapheresis as a new adjunct to interferon-
a2biplus ribavirin combination therapy: a
prospective study in patients with high plas-
ma HCV. viraémia: '] -Viral:Hepat 2005;12:
274-282.

Moriyama M, Kaneko'M, Matsumura:H, et
al: Removal of hepatitis C virus by G-1 beads
in sera from patients with chronic hepatitis
C. Intervirology 2005;48:84-88.

Hayashi N, Takehara T: Antiviral therapy for
chronic hepatitis C: past, present, and future.
J Gastroenterol 2006;41:17-27.

Ballesteros AL, Fuster D, Planas R, Clotet B,
Tural C: Role of viral kinetics under HCV
therapy in HIV/HCV-coinfected patients. ]
Antimicrob Chemother 2005;55:824-827.

48

Intervirology 2010;53:44-48

—639—

22

23

24

25

Asahina Y, Izumi N, Uchihara M, etal: A po-
tent antiviral effect on hepatitis C viral dy-
namics in serum and peripheral blood
mononuclear cells during combination ther-
apy with high-dose daily interferon alfa plus
ribavirin and intravenous twice-daily treat-
ment with interferon beta. Hepatology 2001;
34:377-384.

Kim KI, Sasase N, Taniguchi M, et al: Inter-
feron-§ induction/interferon-a2b plus riba-
virin therapy in patients with chronichepa-
titis C. Int ] Clin Pharm Res 2005;25:71-76.
Davis GL: Monitoring of viral:levels during
therapy of hepatitis C. Hepatology 2002;36:
5145-8151.

Nomura H, Miyagi Y, Tanimoto H, Higashi
M, Ishibashi H: Effective prediction of out-
come of combination therapy with pegylated
interferon alpha 2b plus ribavirin in Japa-
nese patients with genotype-1 chronic hepa-
titis C using early viral kinetics and new in-
dices. | Gastroenterol 2009;44:338-345,

Kim et al.



Original Article

Intervirology

[
Intervirology 2010;53:49-54

Published online: HAM

DOt 10.1159/000252784

Outcome and Early Viral Dynamics with Viral
Mutation in PEG-IFN/RBV Therapy for Chronic
Hepatitis in Patients with High Viral Loads of

Serum HCV RNA Genotype 1b

Noriko Sasase? Soo Ryang KimP  Masatoshi Kudo®  Ke th Kim?
Miyuki Taniguchi® Susumu Imoto® Keiji Mita®  Yoshitake Hayashi®

lkuo Shouji? Ahmed El-Shamy9  Hak Hotta®

Departments of 2Pharmacy and PGastroenterology, Kobe Asahi Hospital, “Center for Infectious Diseases and
dDjvision of Microbiology, Kobe University Graduate School of Medicine, Kobe, and
¢Department of Gastroenterology and Hepatology, Kinki University School of Medicine, Osaka-Sayama, Japan

Key Words

Chronic hepatitis + Early viral dynamics - IFN/RBV
resistance-determining region - HCV RNA genotype 1b -
High viral load - PEG-IFN/RBV combination therapy
Virological response, prediction

Abstract

We investigated whether sustained virological response
(SVR) and non-SVR by chronic hepatitis C patients to pegylat-
edinterferon plus ribavirin (PEG-IFN/RBV) combination ther-
apy are distinguishable by viral factors such as the IFN/RBV
resistance-determining region (IRRDR) and by on-treatment
factors through new indices such as the rebound index (Rl).
The first Rl (RI-1st; the viral load at week 1 divided by the viral
load at 24 h) and the second RI (RI-2nd; the viral load at week
2 divided by the viral load at 24 h) were calculated. The sub-
ject patients were divided into 3 groups based on RI-1st and
Ri-2nd: an RI-A group (RI-1st <1.0), an RI-B group (RI-1st >1.0
and RI-2nd <0.7) and an RI-C group (RI-1st >1.0 and Ri-2nd
=0.7). The SVR rate was 71.4% (10/14) in the RI-A group,

46.2% (6/13) in the RI-B group and 20.0% (3/15) in the RI-C
group (p=0.005 between the RI-A group and the RI-Cgroup).
In IRRDR =6 and IRRDR =5 the SVR rate was 81.3% (13/16)
and 23.1% (6/26) (p = 0.0002), respectively. By combining Rl
and IRRDR as a predicting factor, the SVR rate was 87.5% (7/8)
in the RI-A group (=6 mutations in the IRRDR) and 7.7% (1/13)
in the RI-C group (<5 IRRDR mutations) (p = 0.0003).
Copyright © 2010 S, Karger AG, Basel

Introduction

Recently, global consensus has obtained that a combi-
nation of IEN or pegylated IFN plus ribavirin (PEG-IFN/
RBV) is the treatment of choice for chronic hepatitis C
(CHC). Notwithstanding this treatment regimen, sus-
tained virological response (SVR) rates of those infected
with the most resistant genotypes [hepatitis C virus
(HCV)-1laand -1b] still hover at ~50% [1, 2]. It is therefore
worthwhile to identify the predictive factors that allow
the selection of patients who would achieve eradication
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of HCV RNA either before or during therapy, especially
since IFN/RBV combination therapy is costly and has
several side effects [3].

Predictors of the effectiveness of IFN-based therapy
can be classified into pretreatment and on-treatment fac-
tors. Pretreatment factors comprise: (1) host factors such
as age, gender, obesity, alcohol consumption, hepatic iron
overload, fibrosis, immune responses and co-infection
with other viruses, and (2) viral factors that mainly in-
clude viral genotypes and loads, particular amino acid
sequence variations in'the NS5A region [4, 5] and in the
core protein region of HCV [6] within a given genotype.
Moreover, the mean number of mutations in variable re-
gion 3 (V3) plus its upstream flanking region of NS5A
[amino acid 2334-2379, referred to as IFN/RBV resis-
tance-determining region (IRRDR)]is significantly high-
er in HCV isolates obtained from patients who later
achieve SVR by PEG-IFN/RBV than in those from non-
SVR patients. On-treatment factors are mainly related to
viral kinetics within the first few weeks of treatment: [7].

In the current study, with the aim of investigating
whether SVR and non-SVR can be distinguished by viral
factors such as IRRDR and by on-treatment factors
through new indices such as the rebound index (RI}); we
calculated the first RI (RI-1st; the viral load at week 1 di-
vided by the viral l6ad at 24 h) and the secorid RI (RI-2nd;
the viral load at week 2 divided by the viral load at 24 h),
as proposed by Nomura et al. [8].

Patients and Methods

The 42 patients included in this study, who all demonstrated
high viral loads (>100 KIU/ml) of serum HCV RNA of genotype
1b, had been diagnosed with CHC on the basis of abnormal serum
alanine aminotransferase persisting for at least 6 months, and of
positive HCV RNA assessed by RT-PCR. None of the patients was
positive for hepatitis B surface antigen or other liver diseases (au-
toimmune hepatitis; alcoholic liver disease). All the patients re-
ceived a regimen of PEG-IFNa-2b (peginterferon alpha-2b; Peg-
Intron; Schering-Plough, Kenilworth, N.J., USA) (1.5 pug/kg/week,
subcutaneously) in combination with RBV (ribavirin; Rebetol;
Schering-Plough) 600-1,000 mg/day for 48 weeks. RBV was ad-
ministered at a dose 0of 600 mg/day (3 capsules) to patients weigh-
ing <60kg, 800 mg/day (4 capsules) to those weighing <80 kg and
1,000 mg/day (5 capsules) to those weighing =80 kg.

The efficacy of the combination therapy was evaluated by
HCV RNA negativity determined by qualitative RT-PCR analysis
at the end of therapy (end of therapy response) anid 6 months after
the completion of therapy (SVR). The amount of HCV RNA was
also measured quantitatively by RI-PCR (Amplicor HCV moni-
tor v. 2.0; Roche) before therapy. The lower detection limit of the
assay was 5 KIU/ml. Samples collected during and after therapy
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were also determined by qualitative RT-PCR (Amplicor; Roche),
which has a higher sensitivity than quantitative analysis, and the
results were labeled as positive or negative. The lower limit of the
assay was 50 IU/ml.

SVR was defined as undetectable serum HCV RNA at 24
weeks after the cessation of treatment, and non-SVR as detectable
HCV RNA at 24 weeks after the discontinuation of treatment.
Informed consent was obtained from all patients enrolled in the
study after thoroughly explaining the aims, risks and benefits of
the therapy.

The amount of HCV core antigen was assessed by the IRM as-
say (Ortho Clinical Diagnostics, Tokyo, Japan), which provides a
good correlation between the amount of HCV core antigen and
the amount of HCV RNA, as shown in our previous study [9]. The
HCV core antigen was measured on days 0, 1 24 h), 7 (1 week)
and 14 (2 weeks) according to the detection limit of 20 fmol/l es-
tablished by the manufacturer.

RI-1st was defined as the coefficient derived by dividing the
viral load of HCV core‘antigen at week'1 by that at 24 h, and RI-
2nd was defined as the coefficient derived by dividing the viral
load at week 2 by that at 24 h [8].

The patients were divided into 3 groups based on RI-1st and
RI-2nd: group A (RI-1st <1.0); group B (RI-1st >1.0 and RI-2nd
<0.7) and group C (RI-1st >1.0.and RI-2nd =0.7).

NS5A sequence analysis (IRRDR) was performed as described
[4]. Briefly, the sequences of the amplified fragments were deter-
mined by direct sequencing without subcloning with the use of a
Big Dye Deoxy Terminator:cycle sequencing kit and an ABI 337
DNA sequencer (Applied Biosystems; Japan). The aa sequences
were deduced and aligned with Genetyx Win software v. 7.0 (Ge-
netyx Corp., Tokyo, Japan). Numbering of aa throughout the
manuscript is according to the polyprotein of HCV genotype 1b
prototype HCV-].

Statistical Analysis

Differences between the groups were assessed by the x? test,
Fisher’s exact test or Student’s t test, the Mann-Whitney test and
the Kruskal-Wallis test. p < 0.05 was considered statistically sig-
nificant. :

Results

Of the 42 patients treated with combination therapy,
19 (45.2%) achieved SVR and 23 (54.8%) were still HCV
RNA positive (non-SVR) 6 months after therapy. No sig-
nificant differences were observed in patient characteris-
tics between SVR and non-SVR, except in platelet counts
and the degree of fibrosis (table 1), or among the RI-A, -B
and -C groups (table 2).

The SVR rate was 71.4% (10/14), 46.2% (6/13) and
20.0% (3/15) in the RI-A, -B and.-C groups, respectively,
with a significant difference between the RI-A and -C
groups (p = 0.005), but not significant between the RI-A
and -B groups and the RL-B and -C groups (fig. 1). In the
14 patients of the RI-A group, HCV RNA turned negative
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Table 1. Host-dependent, virus-related profile by response (SVR and non-SVR)

SVR Non-SVR p value
Gender (M/F), n 11/8 13/10 NS
Age, years 56.7*+8.8 59.3+10.5 NS
HCV RNA level, KIU/ml 1,685% 1,477 1,660+1,363 NS
HCYV core antigen, fmol/l 7,044 £ 6,763 9,343+ 12,563 NS
Body weight, kg 59.9+115 59.8%13.6 NS
Treatment history (retreatment/naive) 6/13 13/10 NS
Platelet count ( X 10%/mm?) 18.7+44 148+54 NS
F0,1/F2,3 12/2 5/10 0.004
Table 2, Host-dependent, virus-related profile by response (RI-A, -B and -C groups)
RI-A RI-B RI-C p value

Gender (M/E);n 717 9/4 8/7 NS
Age; years 60.0£5.9 58.5+94 56.1+12.8 NS
HCV RNA level; KIU/ml 1401£1,014 2,053+1,286 1,593£1,772 NS
HCV. coreantigen; fmol/l 6,084 +5,106 7,67415,038 11,000+ 15,837 NS
Body weight, kg -62.1£16.6 59.5£104 58.2110.1 NS
Treatment history (retreatment/naive) 3/11 716 9/6 NS
Platelet count ( X 10¥mm?) 15335 18359 163%%6.0 NS
FO, 1/F2, 3 7/3 5/4 5/5 0.004
Table 3. SVR rate between IRRDR <5 and IRRDR <6 in RI-A, -B and -C groups

RI-A RI-B RI-C

IRRDR  IRRDR IRRDR  IRRDR IRRDR " IRRDR

<5 26 <5 26 <5 26
SVR 3 7 2 4 1 2
Non-SVR 3 1 5 2 12 0

(I e Lo Ly
SVR rate, % 50.0 87.5 28.6 66.7 7:7 100

§ 1
p value NS NS 0.0024
0.0003

by week 4 in 3 patients, week 8 in 5 patients, week 12 in 5
patients and was positive in 1 patient throughout the
treatment, In the 13 patients of the RI-B group, HCV
RNA was negative by week 4in 1 patient, week 8 in 2 pa-
tients, week 12 'in 4 patients, at and after week 16 in 5
patients and remained positive throughout the treatment
in 1 patient. In the 15 patients of the RI-C group, HCV
RNA was negative by week 12 in 1 patient, on and after
week 16 in 6 patients and remained positive throughout
the treatment in 8 patients (fig. 2).

Efficacy and Viral Dynamics with Viral
Mutation in Combination Therapy

The SVR rate was 81.3% (13/16) in the group with =6
mutations in IRRDR; and 23.1% (6/26) in those with <5
(fig. 3), with a significant difference between the 2 groups
(p = 0.0002). ,

By combining RI and IRRDR, the SVR rate was 87.5%
(7/8) in the RI:A group (IRRDR =6) and 7.7% (1/13) in
the RI-C group (IRRDR =<5) (table 3), with a significant
difference between the 2 groups (p = 0.0003).
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Fig. 1. SVR rate in RI-A, -B and -C groups. The overall SVR rate
was 71.4, 46.2 and 20.0%, respectively. Significant difference in
SVR rate is indicated.
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Fig. 2. Relation between response time and virus dynamics. In the
14 patients of the RI-A group, HCV RNA turned negative by week
4 in 3 patients, week 8 in 5 patients, week 12 in 5 patients and re-
mained positive throughout the treatment in I patient. In the 13
patients of the RI-B group, HCV RNA was negative by week 4 in
1 patient, week 8 in 2 patients, week 12 in 4 patients, at and after
week 16 in 5 patients and remained positive throughout the treat-
mentin 1 patient. In the 15 patients of the RI-C group, HCV RNA
was negative by week 12 in I patient, at and after week 16 in 6 pa-
tients and remained positive throughout the treatment in 8 pa-
tients.
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Fig. 3. SVR rate and IRRDR number, The SVR rate was 23.1% in
IRRDR =<5 and 81.3% in IRRDR =6, which was significantly dif-
ferent.

Discussion

The importance of early virological response (EVR;
signifying HCV RNA negative at 12 weeks) has been em-
phasized in predicting SVR and non-SVR in CHC pa-
tients undergoing IFN treatment; those not reaching
EVR do not respond to further therapy. Discontinuation
of treatment in patients not reaching EVR would reduce
drug costs by more than 20%; consequently, early confir-
mation of viral reduction after initiating antiviral thera-
py for CHC is worth investigating [10].

Treatment with IFN induces a decline in HCV RNA
levels that can be mathematically measured in 2 phases.
The decline in the first phase, usually measured 4t 24 or
48 h; probably reflects direct inhibition of intracellular
production and release of HCV [11], with IEN efficacy
ranging from about 70% (approx. 0.7 log units) for stan-
dard IFN (given 3 times a week) to more than 90% (1 log
unit) for high daily doses of standard IFN or PEG-IFN
(given once a week) [12, 13]. The decline in the second
phase, beginning after 24-48 h, is slower and more vari-
able than that in the first phase, and is thought to reflect
continued inhibition of replication and the gradual elim-
ination of virus-infected cells [11]. The decay in the first
phase has little correlation with the IFN dose, but is more
rapid with PEG-IFN than with standard IFN prepara:
tions [10].
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