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SUMMARY. thmalfasm (thymosm alpha 1; Tel) is a
28-amino acid polypeptlde that has shown efficacy in the
treatment of chronic hepatitis B virus (HBV) infection. The
objective of this study was to evaluate the long-term, dose-
related efficacy and safety of Tal treatment in chronic
hepatitis B patients with positive HBV-DNA and abnormally
high alanine aminotransferase (ALT) levels. A total of 316
patients were randomized to receive either 0.8 or 1.6 mg of
Terl monotherapy for 24 weeks. At the.end of the 72:week
observation period (12 months aftel cessation of therapy),
36.4% of patients in-the 1.6-mg treatment group achieved
normalization - of tALT, 30% achieved. clearance of HBV-
DNA by branched DNA vs 15% by. transcription-mediated
amplification, and 22.8% achieved :clearance of HBe-anti-
gen. Patients i_q]:.»\tl_l‘e 0.8-mg treatment - group achieved

similar efficacy rates, although pat1ents w1th advanced
fibrosis demonstrated a significantly better response rate
when treated with 1.6 mg of Tal rnonotherapy vs 0.8 mg
(as determined by intragroup analysis; patients were not
stratified by liver biopsy). All adverse drug reactions were
mild and most involved the ﬂuctuatlon of liver enzymes,
which was most hkely related to the positive immune
effects caused by the response to Tol treatment. Adverse
event 1nc1den<:e was Slrmlar in the 1.6- and 0 8- -mg treat—
ment groups. "In conclusmn Tal at doses of 0.8 and
1 6 mg. exhxblts long- term efﬁcacy agamst hepatltls B with
a good safety proﬁle
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alpha 1

chromc Hepetitis B thymalfasm thymosin

INTRODUCTION

TSR SUED e
Chronic hepatitis B affects « fiearly: #1350 million people
worldwide and s .a leading cause of liver cirrhosis: and

hepatocellular carcinoma [1-3]. Early and ieffective-inter-

Abbreviations: ALT, alanine aminotransferase; anti-HBe, hepatitis B
e-antibody; bDNA, branched DNA; HBeAg, hepatitis' B e-antigen;
HBV, hepatitis B virus; MHC, major histocompatibility complex; NK,
natural killer; Ta1, thymosin alpha-1; TMA, transcription-mediated
amplification.
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vention may help ‘terminate hepatitis B virus (HBV) repli-
cation and promote long-term disease remission. -

Over the last three decades, research has focused on the
development of antiviral and immunomodulatory therapies
fo treat patients with HBV. Currently, interferon alpha and
lamivudine are two widely used therapies. Interferon alpha
has reasonably good ‘efficacy with initial response rates: of
30-40% compared with 10-20% among untreated controls.
However, of those who responded to interferon alpha ther-
apy, 56% relapsed within the first year after discontinuation
of therapy (median 3.1 months) {4]. In addition, interferon
alpha has a poor side-effect profile, leading to inadequate
compliance and frequent need for dose reduction [3-5].
Once-daily - lamivudine rapidly produces a suppression of
HBV-DNA replication [6,7]. However, approximately 90% of
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patients relapse once therapy is stopped [8]. Adefovir dipiv-
oxil, a nucleotide analogue, is also capable of rapidly indu-
cing suppression of HBV-DNA, but long-term efficacy is in
question because of low rates of hepatitis B e-antigen
(HBeAg) seroconversion [9]. Moreover, adefovir-resistant
mutations have also been reported [10]. Therefore, the
development of new therapeutic agents with long-term
efficacy is needed to reduce morbidity and mortality rates
among patients with chronic hepatitis B.

Thymalfasin (thymosin alpha-1, T«l) is an immune-
modulating peptide that has been shown to enhance Thil
cytokine production as well as T-cell differentiation and
maturation [11]. Several clinical studies have shown that
treatment with Tal monotherapy results in significantly
higher sustained response rates when compared with con-
trols [12-18] and exhibits no significant side effects [14-19].
Moreover, complete virological response tends to increase or
accumulate gradually after the cessation of Tal therapy
[14.17].

Tal therapy is used in many countries worldwide for the
treatment of chronic hepatitis B. This study evaluates the
dose-related efficacy and safety of Tal in Japanese chronic
HBYV patients.

METHODS

This 72-week multicentre, randomized study investigated the
safety and efficacy of Ta1 at two different doses. A total of 316
Japanese patients with chronic hepatitis B from 49 medical
institutions in Japan were randomized to receive either 0.8 or
1.6 mg of Tal monotherapy six times a week for the first
2 weeks, and then twice a week for the subsequent 22 weeks.
Efficacy was determined by clinical test values of alanine
aminotransferase (ALT), HBV-DNA, HBeAg and hepatitis B e-
antibody (anti-HBe) during 24 weeks of Tal administration
and during the 48-week follow-up period. For the determin-
ation of HBV-DNA level by branched DNA (bDNA), a Quan-
tiplex HBV-DNA kit was used (standard value: <0.70 Meq/
mlL; Daiichi Pure Chemicals Co, Ltd, Tokyo, Japan). During the
course of the study, the more sensitive transcription-mediated
amplification (TMA) assay became available for the determi-
nation of HBV-DNA level. Thus, HBV-DNA level was also
tested by TMA using an HBV Amplify Standard & Lumines-
cent reagent kit DNA probe (standard value: <3.7 LGE/mL;
Chugai Diagnostic Science Co, Ltd, Tokyo, Japan). SAS™
(SAS Institute Inc., Cary, NC, USA) software was used for
statistical analyses. Changes in HBeAg and anti-HBe levels
were assessed by the chi-squared test; changes in the ALT and
HBV-DNA levels were assessed by Mann—Whitney U-test. The
two-tailed significance level was set at 5%, and multiplicity
was not considered. This study was conducted in compliance
with current GCP and with the Declaration of Helsinki, and
was approved by the institutions’ Ethics Committees.

Eligible patients included men and women =18 years
of age who were HBV-DNA positive, HBeAg positive with
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elevated ALT, and with histologically diagnosed chronic
hepatitis confirmed by liver biopsy taken within 48 weeks
before the start of treatment. The concomitant use of glyc-
yrrhizin, propagermanium, systemic glucocorticoids, inter-
feron or lamivudine was prohibited.

RESULTS

Analysis of safety was performed on 310 patients, and
analysis of efficacy was performed with results from 284
patients, excluding those with protocol violations.

As shown in Table 1, patient groups were similar in all
respects except with regard to the degree of liver disease on
entry. Due to a lack of stratification based on liver histology.
the 1.6-mg treatment group had a higher ratio of advanced
fibrosis (bridging fibrosis with lobular distortion, stage F3;
P = 0.018) and inflammation (severe necro-inflammatory

Table 1 Baseline characteristics of the patients

Group 1 Group 2
(0.8 mg) (%) (1.6 mg) (%) P-value

Age (years)

Mean + SD 36.6 £9.9 37.3 £ 10.6 0.545

n 139 144
Gender

Male 95 (68.3) 109 (75.7)

Female 44 (31.7) 35 (24.3) 0.168
New Inuyama classification (fibrosis staging)

FO 5 (3.6) 3 (2.1)

Fl 1 (43.9) 4 (37.5)

F2 4 (31.7) 6 (25.0)

F3 2 (15.8) 6 (31.9) 0.018

Unknown 7 (5.0) 5(3.5)
New Inuyama classification (activity grading)

AO 3(2.2) 4 (2.8)

Al 3 (45.3) 9(27.1)

A2 0 (36.0) 3 (50.7)

A3 1 (10.1) 1 (14.6) 0.010

Unknown 9 (6.5) 7 (4.9)

History of IFN therapy

No 92 (66.2) 80 (55.6)
Yes 47 (33.8) 64 (44.4) 0.067
ALT level (IU/L)
Mean + SD 124.6 + 144.5 + 0.148
129.50 143.20
HBV-DNA level by
TMA (LGE/mL)
Mean % SD 6.96 + 1.28 6.90 £ 1.20 0.499
HBV-DNA level by
bDNA (mEq/mL)
Mean % SD §578.7 662.6 £ 0.792
1038.00 1132.00

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 300-306
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Table 2 Response to thymosin alpha-1
24 Weeks 72 Weeks therapy
(end of therapy) (end of follow-up)
Group/Dose n (%) n (%)
ALT Group 1/0.8. mg 33/134 (24.6) 38/118 (32.2)
Group 2/1.6 mg 37/137 (27) 43/118 (36.4)
HBV-DNA (-) (bDNA) Group 1/0.8 mg 20/115 (17.4) 24/93 (25.8)
Group 2/1.6mg 20/117 (17.1) 27/90 (30)
HBV-DNA (-) (TMA) Group 1/0.8 mg 8/129 (6.2) 14/104 (13.5)
Group 2/1.6 mg 7/129 (5.4) 15/100 (15)
HBeAg () (seronegative) Group 1/0.8 mg 4/103 (3.9) 18/80 (22.5)
Group 2/1.6 mg  5/104 (4.8) 18779 (22.8)
HBe (—) and Anti-lHBe Group 1/0.8 mg 4/103 (3.9) 15/80 (18.8)
. (+) (seroconversion) Group 2/1.6 mg 5/104 (4.8) 17/79 (21.5)

reaction, grade A3; P = 0.01) patients according to the New
Inuyama classification for histopathological scoring of the
liver [20].

Tal monotherapy exhibited equal efficacy when admin-
istered at either 0.8 or 1.6 mg, as shown in Table 2. The
results in the 0.8-mg group and the 1.6-mg group,
respectively, at 72 weeks showed that the rate of normal-
ization of ALT was 32 and 36% (P > 0.05); clearance of
HBV-DNA by the bDNA test was 26 and 30% (P > 0.05),
and by TMA 14 and 15% (P > 0.05); clearance of HBeAg

(@) ALT

/L
40.0 I I ) 1 1

20.0

0.0

-20.0

-40.0

-60.0

-~ -4 —- 0.8mg
el 1,6 INQ

~80.0

~100.0

(©)
LGE/mL
0.0
-0.1
-0.2
-0.3
~0.4
-0.5
-0.6
-0.7
-0.8
-0.9
-1.0

HBV-DNA (TMA)

0 12w 24W

==¢-—- 0.8mg
== 16mg

was 23 and 23% (P > 0.05); and the appearance of anti-
HBe at 72 weeks was 19 and 22% (P > 0.05). At 72 weeks
from baseline,. both the 0.8- and 1.6-mg treatment groups
showed significant improvement im ALT, HBV-DNA and
anti-HBe levels, as shown in Fig. 1.

Evaluation: of within-group progress demonstrated that
patients with advanced fibrosis (stage F3) did show signi-
ficant improvements in all HBV markers at 24 weeks when
treated with 1.6 mg of Tal monotherapy vs 0.8 mg

(Fig. 2). For these patients, changes in baseline ALT
(b) HBe-antigen
cor 12W  24W  3W  48W 72w
0.0
-10.0
-20.0
-30.0
-40.0
-50.0 ——oA—- 0.8mg
e 1.6 Mg
-60.0

(d) HBV-DNA (b-DNA)

Meg/mL 0 12w
50.0 I 1 i 1 1
0.0
-50.0
-100.0
~150.0
—-200.0
~250.0
—-300.0
~350.0
-400.0
-450.0

2W

—=&—- 0.8mg
== 1.6 mg

Fig. 1 Reduction from baseline in serum levels of ALT (a), HBeAg (b), HBV-DNA by TMA (c) and HBV-DNA by bDNA (d) for
all patients in both treatment arms. All values are expressed as mean + standard error (SE).
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Fig. 2 Reductioni from baseline in serum levels of ALT (a), HBeAg (BS,HBV~DNA' by TMA (c) and'ﬁéV?I)';NA gby bDNA (dj:
stratified for patients with F3 fibrosis. All values are expressed as mean * standard error (SE).

(P = 0.03) and HBeAg (P < 0.01) levels were sustained at
72 weeks and were statistically superior in Lhe 1.6-mg
treatment group.

In the 310 patients followed up for:72 weeks 1077 adverse
events were reported, most:of which were unrelated to the
study drug. Of the total adverse events 377 (38.7%) were
considered p0351bly related to Tel and occurred in 120

Table 3 Incidence of adverse events

Group 1 Group 2
Variable* (0.8 mg) (1.6 mg)
Malaise 36 (23.8) 0 (26.5)
Nausea 14 (9.3) 6 (10.6)
Headache 2(7.9) 8(11.9)
Abdominal discomfort 0(6.6) 5(9.9)

or pain

Anorexia . 5(3.3) . 15 (9.9)
ALT elevation ' 11 (7.3) 11 (7.2)
AST elevation 5(3.3) 10 (6.6)

*The adverse events shown are those that occurred in at
least 5% of the patients in a treatment group. Although
these adverse events were probably related to the hepatitis B,
they: were considered to be possibly related to thymosin
alpha-1.

patients (Table 3),-Therg,were.22 cases of transient exacer-
bation of liver function (11 cases in each doké group), which
were classified as ALT flares and assumed to be:associated with
the immunomodulating action ef Tal. One patient had two
flares during the 72- week peno,di Onset of the flares occurred
from 2 to 64 weeks (medlﬁh 19 weeks) from the start of
treatment, All patientssho experienced ﬂares recovered
uneventfully and there were no cases of death because of liver
failure. Over the 72 weeks, only three (0.28%) adverse events
were considered to be serious; opje,patiexgi developed bile duct
cholangiocarcinoma -and two patients (0.43%) developed
hepatocellular carcinoma. Nong of ghese fhree serious adverse
events were considered to “(:Liue to” Toc‘f Between the two
treatment groups;there:were 1o statistical differences in the
incidences, symptoms or severity of adt?erse events

DISCUSSION - -

Tal is-4 28-amino acid polypeptide which was originally
isolated from bovine thymus extract (thymosin fraction 5)
and is now chemically synthesized [21]. T«l treatment leads
to the inhibition of chronic viral infection through a mech-
anism of cellular immune response modulation via an
increase in the secretion of interferon-alpha, interferon-
gamma, and cytokines such as IL-2, II.-3, and the differen-
tiation and maturation of T cells {11,19]. Tel also increases

® 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 300-306
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T-cell populations by blocking ‘apoptosis {22} and:ircreases
natural killer (NK} 'ce'll' a&ti(rity"in' ﬁmlﬁple ammal 'm'o'dels

gx{/\,}gi s 1HC1easm
major hlstocompﬁtxblll(y eomplex (MHC?
on mlected cells [73]

’ e
Tocl has been c 1mcal,1y used as a

ehrome hepatltls B Ane many smdies_ iZglvaghé o

reported that the rate of HBV-DNA clearance aftgr tre,atment
with Ted: (as determined by liquid;phase hybridization) was
23% at .20 morths; :Mutchnick et ql.: {1 3] teported that the
raté’ of HBeAg clearance was:23% and HBV-DNA:(liquid
phase hybudlz’lhon) clearance was 20% in 49 cases at lhe
énd of ‘a’ 6-month follow- -up period. Simlldﬂy, Chie i
[14] Feported that the rate of HBeAg dnd HBV DNA (liquld
phase hyblldlZdthH) elenance was 40% '
ated at 12 months of post treatment follow up. Intere
another study conﬁrmcd that the effeetrv

appeared to increase after the eomplehon o( drug admmls—
tratiqn; esperially at, 12 months posf-freatment, [24L,.,,
. In this randomized, multicentre study: of chronig, hepatitis
B patients in Japan. Tel jwas.administered.at & dese of 0.8 or
1.6 mg twice; weékly for 24 weeks,.and # lorigsterin. obser-
vation was conducted at 7.2 weeks (12 niohths-after ecssa—
txon of therapy) ‘Even lthough many of the pa’mei‘l y

the efﬁcaey of le treatment o R e

2ithere were  no; statlst;cally sxgmﬁcam dlfferences in
treatment efficacy with 0.810r:1.6'myg ofiTel mongotherapy.
However. patienits iwere:not strdtified by liver. Bidpsy, hich
may Have:influenced: tHese résults: 'A'istititified, intragroup
analy31s demonstr ated that patients with more seLiOus dlS—
ease ewrhlbxted supcrlor results When treéted thh

H1$Lo;rlcal cemparrson sug,gest thac T@cl aud eomventlomal
;m,terfex,on therapies -have similar efficacy;and-thatboth are
superior to- placebo:: Japanese:patients: who: received-inter-
feron alpha-2a for 6 months had response rates” {6¢' nor-
malization/clearance at 24— 48'\'\7eeks' after” completlovn‘ef
therapy of: 41.6% (10 of 24) for ALT D7.8% (ﬁve of 18) for
HBV-DNA (bDNA): and 15% (three of 20) for’ HBeAg [25].
Regarding HBV-DNA and HBeAg, although response rates
are decreasing with the availability of increasing assay
sensitivity from advances in assay methods, response rates
are still considered to be similar to those reported by Iino
et al. [25} when evaluated at 12-18 months after the start of
interferon administration. With Tal therapy, the rates of

dlearvance "6~ HBV-DNA arid: HBeAR: hatiéthe tevideheyi o
iheredst (wilii fitie, -even- aftetr gotnpletior of-therapy 424 ],
wherebs!therc ig i reciirrenice of ‘chrondc hepalitisBiafter
completior éfiinterferon”therapy [4,5:26] Bimilar pogitive
regults o Pyl thefapy were demondtrated ~ikd iadditibnkl
dteidies! evialuabivrg thieisfficaey of longeriteriii treatrdént with
ntevfaron’ thetapy A fapan' [25,29-31] IHtcontrasty the
tesuilts for HBeAg dlearahde: dndi séitgcorivetbion were onty
15:aid 59, vespectively!rin tHals 'wWhbre Japunese patiehts
received placebo:for 24 Weekks![32, 88,1 weiit o sl L
+Qrice-daily - lamivieding is -adother sthedapy: for - the tvéht-
niertloft- hepatitiss Bl that - irapidly prbduess &' beneficidl
réddotion i vital:DNA [6,7]; howsvel: appidxinately’ 90%
of-patients relapse ente therapy is stopped [8]: I iadditior;
larnivudinesvesistahit 'YMDD mutdtions ate cortmion dnd ins
eroase .ovel time —from 14% at 1 year to 38%34t 2 yéark ang
t0 +69% -ab: Sidiedrs [ 34] s Selstaindd Wohisrhivalband Yirolo-
gicaliresporise dates tentd to dectease overtitifebecause of tie
development! df: thris'didafzs resistarieer I vaddition, daferior
ationef liver fitnetioly andthistology has been demofistrdted
in patients who!idevelopi NMDD mutations -[344l rHBV:
therefore, does not respond well to lamivudine therapy
[35.36]. By contrast, treatment with Teal exhxlgl;egicumw
lative improvements, even after the completion of therapy,
and rio Ty 'Lesvstant miutdtion have beert: reperted [24]
Iﬁ thqs j ;

0:45% § per year; Hot
the perrod of observatlon was too short to cornpare ;

hlgh prevalence of pat],ents WLth advancedﬂlsééée may have
{acilitated the, appearange, of; the Lwo. casesiof- hepatqeellular
carcimoma seen. in ur study. ALT, flares were:seentin 22
patients and therapy with L& liwas.interrupted'ia iliér; bt all
t-hs plértientsrecove'red'br“héd'l‘hei’r‘ﬁlare’s‘ mdhag'éd by’hes—

ratsient exacer‘batlons ot
cbmmdnl'y'seeh“[gé 41 :

sion, “such  as Tocl or nterferon.)«Overcommg this

-exagerbation ol liver,function: is: an: impartant. pagt;of the

eventual ithérapeutidieffect: When  the exdcerbatioritinizliver
functiorr 18! observed during therapy, thie patient should be
checked for liver failure by evalu"tting bilirubid and: pro-
thrombin. As long as these values: are aceeptabfe therapy
should be continued. ] .

Studies of concomitant Tal and interferon therapy are
ongoing. A study by Saruc ef al. [42] compared the out-
comes of Tl and interferon alpha-2b combination therapy
(n = 27) with lamivudine and interferon alpha-2b combi-
nation therapy (n = 15) in patients with HBeAg-negative
chronic hepatitis B. At 26 weeks post-therapy, 74% of

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 300-306
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patients treated with T«l plus interferon alpha-2b achieved
a sustained response, defined as a loss of HBV-DNA and
normalization of ALT, vs 53.3% of patients treated with
lamivudine and interferon alpha-2b combination therapy.
At 18 months post-therapy, the sustained response rates
were 70% in the Tal plus interferon alpha-2b treated
patients vs only 20% in the lamivudine alpha-2b treated
patients [42]. More controlled trials with a longer duration
of follow-up are needed to adequately evaluate the efficacy
and safety of these novel combination therapies.

In conclusion, the results from the present study suggest
that Tl therapy exhibits long-term efficacy against chronic
hepatitis B, with no significant adverse effects. Tal leads to
the normalization of ALT level and clearance of HBV-DNA
and HBeAg at response rates similar to those seen in previ-
ous studies after treatment with interferon. The efficacy was
dose-dependent for patients with advanced fibrosis, with a
statistically significant superiority of the 1.6 mg over the
0.8 mg dose. Therefore, the administration of Tal at a dose
of 1.6 mg may become a new safe and effective therapeutic
option for difficult-to-treat hepatitis B patients.
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Summary. Hepatitis C virus (HCV) causes persistent infection in most patients.
To clarify the mechanisms underlying establishment of this persistent infection,
nucleotide sequences of the E1/E2 region were characterized in 5 patients with
acute and chronic HCV infection. We used direct DNA sequencing methods to
identify the major sequence of HCV in each patient. Each HCV genome displayed
a high frequency of nucleotide sequence variation in the hypervariable region
(HVR) of E2. However, patient-specific conserved nucleotide sequences were
identified in the E1/E2 region during the course of infection and conserved the
higher-order protein structure.

In the acute phase HCV infection, amino acid substitution in HVR-1 as the
monthly rate of amino acids substitution per site (%) between each point exceeded
10.2%. In the chronic phase HCV infection, a significantly lower rate of amino
acid substitution was observed in patients. The host immune responses to HVR-1
of each HCV isolates from all clinical courses were characterized using synthetic
peptides and ELISA. One chronic patient serum (genotype 1b) did not react at
all to its own HVR-1 peptides, however another patient (genotype 2b) reacted to
all clinical course. These results indicated that HVR-1 might not always exhibit

Note: DDBJ/EMBL/GenBank accession numbers of E1/E2 sequences reported in this
paper are AB107929-AB107949.
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neutralizing epitopes of HCV infection. The sequence variation in HVR-1 may
instead indicate the existence of various clones in acute phase infection and the
adaption of these clones is thought to have caused persistent and chronic infection
in each patient.

Introduction

Hepatitis C virus (HCV) possesses a genome of single-strand RNA with positive
polarity (about 9.6 kb), and is classified in the family Flaviviridae, genus Hepaci-
virus [24]. HCV is the major causative agent of post-transfusion-associated
non-A, non-B hepatitis, and it an estimated 170 million people are infected
worldwide. Persistent HCV infections often progress to chronic hepatitis, liver
cirrhosis, and hepatocellular carcinoma [3, 25]. Previous reports have suggested
that variability of the HCV genome is likely to play crucial roles in facilitating
escape from host immune surveillance [9, 12, 29]. In particular, high degrees of
sequence variability have been observed in regions coding the E2 envelope protein,
designated as hypervariable regions (HVR)-1[13, 28] and 2 [22]. HVR-1 has been
suggested as a dominant neutralizing epitope for HCV infection in chimpanzees
[6]. Despite the confirmed presence of HCV-specific antibodies and cytotoxic T
lymphocytes [1, 7], HCV causes frequently persistent infection. These results
suggest that variation occurring in neutralizing epitopes within HVR-1 could
produce escape variants able to elude the host immune system. Recent reports
have indicated that the evolution of viral quasispecies may predict clinical course
in viral hepatitis [8].

Although HCV preferably infects hepatocytes, as confirmed by the existence
of negative-strand RNA [15], the mechanisms of adsorption into hepatocytes
and transcription and replication of viral RNA in the cell remain unclear. The
possibility of low-density lipoprotein (LDL)-receptor has been suggested as a
virus receptor for HCV infection [2, 18]. CD81 belongs to a family of molecules
called tetraspanins, characterized by four transmenbrane domains forming two
extracellular loops [17], and interacts with E2 protein as a putative viral receptor
[23]. So far, six hepatocyte-binding regions have been defined in the E1/E2 region
using synthetic peptides [11]. Inhibition of natural killer cells through engagement
of CD81 by E2 protein has been reported [5]. Moreover, no polymorphisms
in CD81 amino acid (a.a.) sequences on peripheral blood mononuclear cells
(PBMCs) have been observed between healthy volunteers and patients during
HCYV infection [10].

The mechanisms of adaptation and selection allowing HCV to establish chronic
infection during the first phase of acute infection remain unclear. The present study
characterized patient-specific conserved original nucleotide sequences of the E1
and E2 regions, and deduced amino acid (a.a.) substitutions during the course of
HCYV infection for acute and chronic phase using direct DNA sequencing methods
and humoral immunity of patients to HVR-1 peptides during the course of chronic
HCYV infection.
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Materials and methods

Patients and sera

Two patients displaying acute infection with hepatitis C virus by transfusion (patients A and
B; Table 1, Fig. 1) were selected retrospectively, along with three randomly selected patients
with chronic hepatitis C in which high levels of serum alanine aminotransferase (ALT) were
maintained for more than six months after first medical examination (patients C-E; Table 1,
Fig. 1). All serum samples were utilized to determine nucleotide sequences of the HCV El
and E2 regions during disease progression, and deduced a.a. sequences were predicted. These
selected sera were aliquoted and stored below —80 °C until characterization. Two patients
were infected with HCV by transfusion: patient A (a 58-year-old woman) when she donated
a kidney; and patient B (a 55-year-old man) during hip joint surgery. Patients A and B were
followed up for 11 and 13 years, respectively. In patients A and B, serum ALT levels remained
abnormal during the entire follow-up period. Patients C (54-year-old man), D (26-year-old
man), and E (67-year-old man) displayed histological evidence of chronic active hepatitis C.

Informed consent was obtained from all patients in accordance with the Helsinki
Declaration.

Detection of anti HCV antibody and HCV RNA

Second-generation enzyme-linked immunosorbent assay (Ortho Diagnostic Systems, Raritan,
NJ) was used to detect HCV antibody in sera from the five patients during disease progression.
Serum HCV RNA was extracted using the acid guanidium thiocyanate-phenol-chloroform
(AGPC) method [4], and detected by reverse transcription and nested polymerase chain
reaction (PCR) using primers for the 5-noncoding region of the HCV genome [19]. Results

Table 1. Clinical evaluation of patients and time points of characterization. Randomly
selected patients with hepatitis C were analyzed

Patients HCV Age Sex Points? Duration®
genotype (years) (months)
(Acute)
A 1b 58 F 1t02 3
2to3 7
B 1b 55 M 1to2 4
2t03 8
(CH)
C 1b 54 M 1to2 12
2t03 3
D 1b+2a 26 M 1to2 8
2103 7
E 2a 67 M 1to2 10
2to3 1

2Points, points of analysis

®Duration, duration between points of analysis

Acute: acute infection with hepatitis C virus by transfusion, with ALT and viral RNA
levels rapidly decreased immediately after infection, then subsequently increased

CH: chronic hepatitis patient, with high levels of ALT maintained for more than six months
after first medical examination
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Fig. 1. Clinical course of hepatitis C patients. Changes in HCV RNA titer (broken line with
open square), ALT level (black line with open circle) and HCV antibodies (— or +) for each
patient. Numbers /-3 in open circles indicate DNA sequencing points. In acute patients A
and B, time point 1 represents onset by transfusion. In chronic patients C and D, time point
1 represents first medical examination. In patient E, time point 1 represents five months after
first medical examination. Acute: acute HCV infection; CH: chronic HCV infection

were quantified using competitive PCR assay [30] in which cloned DNA (with a 15-bp deletion
in the middle portion) used as a competitor [29].

Nucleotide sequence analysis in E1/E2 region

Nucleotide sequences for the E1/E2 region were analyzed according to direct DNA sequencing
methods for PCR products using A exonuclease (Gibco-BRL, Rockville, MD). HCV genome
was extracted using AGPC methods [4], then amplified by reverse transcriptase and nested-
PCR from serum for overlapping regions using two sets of primer pairs. PCR primers and
amplified regions utilized for each patient are listed in Table 2. The second PCR product
which was amplified by 5'-phosphorylated primer. PCR products were purified by 3% Nusieve
3:1 agarose gel electrophoresis (FMC BioProducts, Rockland, ME). One to four units of A
exonuclease was added to purified PCR products, including 67 mM glycine-KOH (pH 9.4)
and 2.5 mM MgCl,, and incubated at 37 °C for 1 h to form single-stranded DNA. Reaction
mixtures were precipitated with ethanol and dried for DNA sequencing. Aliquoted DNA
fragments were used for identification of nucleotide sequences in the E1/E2 region [27]. Nu-
cleotide sequences of the E1/E2 region were determined for all five patients during disease pro-
gression. Characterization of nucleotide sequences and phylogenetic analyses of HVR-1 were
performed using GENETYX version 10 software (Software Development, Tokyo, Japan). The
phylogenetic tree for HVR-1 was constructed using the neighbor-joining (NJ) method [26].
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Table 2. List of primer sequences for PCR of the HCV genome

Patients (Point*) Primer
[nt no.**] name sequence
A(l,3) 1% sense; (a) 5 _TGGGCAGGATGGCTCCTGTCN-3'
[618-1265] 1 anti-sense; (b) 5/ _TAGATTGAGCAATTGCAATCTTGN-3’
21 enge; () 5/ -CCGGTTGCTCTTTCTCTATCTTN-3/
[848-1265] 2" anti-sense; (b) 5 - TAGATTGAGCAATTGCAATCTTGN-3’
A@2),B 1% sense; (a) 5 - TGGGCAGGATGGCTCCTGTCN- 3
[618-1385] 1%t anti-sense; (d) 5'-GCCACCATGTCCACGACAGCTTGGTGG-3'
27 sense; (e) 5/ - TGGTAAGGTCATCGATACCCTCACN-3’
[697-1365] 214 anti-sense; ® 5/ - PTCTGGGATCCGGAGTAACTGCGACAC -3/
A,C 1% sense; (a) 5/ - TGGGCAGGATGGCTCCTGTCN- 3’
[618-1385] 1%t anti-sense; (d) 5 -GCCACCATGTCCACGACAGCTTGGTGG -3/
2M sense; (c) 5 -CCGGTTGCTCTTTCTCTATCTTN-3’
[848-1365] 27d anti-sense; (f) 5/ - TTGTGGGATCCGGAGTAACTGCGACAC-3'
D-2a, E 1% sense; (a) 5/ - TGGGCAGGATGGCTCCTGTCN-3’
[618-1387] 1% anti-sense; (p) 5/ - CTAATGATGTCTATGATGACCTCGGGAACG-3/
2" sense; (c) 5 -CCGGTTGCTCTTTCTCTATCTTN -3/
[848-1357] 27 anti-sense; (q) 5/-CGCATCACGTACGCCAGAATCATGG-3'
D-1b 1% sense; (h) 5/ - ATGGCTTGGGATATGATGATGAACTGGTC -3’

[1290-1867]

[1424-1813]

B
{1243-1887]

[1291-1867]
D-2a
[1243--1887]

[1243-1867]
A, CE
[1243-1867]

[1243-1813]

1%t anti-sense; (i)
2" sense; (j)

21 anti-sense; (k)
1%t sense; (1)

15t anti-sense; (m)
21 gense; (n)

27 anti-sense; (0)
1%t sense; (1)

18! anti-sense; (m)
2 sense; (1)

27 anti-sense; (0)
1% sense; (1)

1%t anti-sense; (i)
21 sense; (1)

2™ anti-sense; (k)

5/ - TGAAACAATACACTGGACCACACAC-3’
5/ - ATTCCATGGTGGGGAACTGGGCTAA -3’
5/ - TAGGTGCGTAGTGCCAGCAATAAGG-3'

5 - CAAGATTGCAATTGCTCAATCTAN~- 3’
5/ - ACTACAACAGGGCTCGGAGTGAAN-3/

5 - ATGGCTTGGGATATGATGATGAACTGGTCN-3’
5' - TGAAGCAATACACTGGACCACACACN-3'

5/ -CAAGATTGCAATTGCTCAATCTAN-3’
5/ - ACTACAACAGGGCTCGGAGTGAAN-3'
5/ —-CAAGATTGCAATTGCTCAATCTAN-3
5/ -TGAAGCAATACACTGGACCACACACN-3’

5 - CAAGATTGCAATTGCTCAATCTAN-3'
5/ - TGAAACAATACACTGGACCACACAC-3/
5/ -CAAGATTGCAATTGCTCAATCTAN-3’
5 - TAGGTGCCTAGTGCCAGCAATAAGG -3’

*Point, point of analysis; **nt no., nucleotide number on HC-R6, accession no. AY045702

Protein structure and amino acid substitution speed analyses in EI/E2 region

The a.a. sequence of the E1/E2 region was deduced from corresponding nucleotide sequences
for all five patients. Protein structural analyses (hydrophobic profile, antigenic index and
surface probability) were performed using MacVector sequence analysis software (Inter-
national Biotechnologies, New Haven, CT). Protein secondary structure (Chou-Fas) was
determined using GENETYX version 10 software (Software Development). Amino acid
substitution speed was analyzed for HVR-1 (27 a.a.), HVR-2 (7 or 9 a.a.), another region of
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Table 3. Reactivities of patient sera to HVR-1 peptides

HVR peptide

Point: 1 2 3
Patient C
Serum:
l _ o~ _
Point: 2 - — —
3 —_— — —
Patient E
Serum:
1 + + +
Point: 2 + + +
3 + + +
Patient HVR-1 peptide sequences
point
C-1 HTHVIGGAQTQTTGSFASLFTPGASQK
C-2 RTHVIGGVOTQTTGSLASLFTPGASQK
C-3 RTHVTGGVQSRTTGSLVSLFTPGASQK
E-1 STHTIGGCTARSAAGFTRLFTQGARON
E-2 STHTIGGSTARSAAGFTRLFTQGARON
E-3 STHTVGGSTARSAAGFTKLFTRGAHQON

E2 (between HVR-1 and HVR-2; 63 a.a.) and E1 as the monthly rate of a.a. substitutions per
site (%) between each point during disease progression (points 1--3; Fig. 1).

Test of host immune response to HVR-1 peptide

Synthetic peptides of HVR-1 for patients C and E were synthesized for each point in the
clinical course (points 1-3; Fig. 1, Table 3). Peptides were tested using ELISA to characterize
host immune responses to HVR-1 during chronic infection.

Results

Characterization of HCV-RNA, anti-HCV antibody and ALT
levels in acute and chronic infection of hepatitis C virus

To clarify the mechanisms of genetic variation during persistent HCV infection, 5
patients were retrospectively analyzed (Table 1, Fig. 1). Patients A and B displayed
acute infection with HCV genotype 1b, with progression from first phase of acute
infection to chronic infection, and persistent viremia (Fig. 1). In the first phase of
acute infection, antibody to HCV became positive (after point 1; Fig. 1). In patient
A, HCV-RNA and ALT levels in serum decreased immediately after infection
(point 1 to 2; Fig. 1), then elevated in the second phase of acute infection (point 2 to
3; Fig. 1). In patient B, HCV-RNA and ALT levels in serum decreased immediately
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after infection, with an elevation of HCV-RNA levels occurring orly in the second
phase of acute infection (point 2 to 3; Fig. 1). Patients C, D and E displayed chronic
hepatitis and persistent infection of HCV. Patient C was infected with genotype
1b, Patient E was infected with genotype 2a, and Patient D displayed co-infection
with genotypes 1b and 2a (Table 1). In Figure 1, quantity of HCV-RNA in patient D
indicates combined total RNA for both genotypes. These three patients displayed
continuously high levels of ALT for more than six months after first medical
examination and did not display marked changes in HCV-RNA levels (points
1-3; Fig. 1). A peak in ALT value was detected between points 2 and 3 for patients
C and D, while elevation of ALT values was detected between points 2 and 3 for
patient E.

Nucleotide sequence variation and patient-specific nucleotide
sequence in E1/E2 region during clinical course of hepatitis C

To clarify the predominant sequence of E1/E2 region during progression of hepati-
tis C, 5 patients (2 patients with acute hepatitis, 3 patients with chronic hepatitis)
were retrospectively selected and sequences (nucleotides 620 ~ 1867; Table 2)
from the sera of these patients were analyzed at three points (points 1-3; Fig. 1)
using direct DNA sequencing methods as described. Analyzed HCV DNA se-
quences of the E1/E2 region for each patient were registered to Genbank (accession
numbers AB107929-AB107949). Alignment of nucleotide sequences on one-
third of the E2 region (nucleotide 1492 ~ 1785) is indicated in Fig. 2. Sequences
categorized as patient-specific conserved nucleotide sequences displayed the fol-
lowing characteristics: 1) identical nucleotide sequences at each of the three points;
2) sequences that are not conserved within the same genotypes (Fig. 2A). Consis-
tent with previous results [29], numerous nucleotide sequence variations in HVR-
1 and 2 were identified in these HCV isolates from acute and chronic infection
patients. However, patient-specific conserved nucleotide sequences were observed
in this E2 region even within HVR-1 and -2 for each patient (boxed region;
Fig. 2A). In the E1 region, patient-specific conserved nucleotide sequences were
also observed in the five patients (data not shown).

Sequences categorized as substituted nucleotide sequences displayed (Fig. 2B).
Substituted nucleotide sequences were present in this E1/E2 region for all 5
patients during the clinical course of infection.

Amino acid sequence variations in the EI/E2 protein region
during the clinical course of hepatitis C

Deduced amino acid sequences of the E1/E2 region (a.a. 192 ~480) were com-
pared in 5 patients (2 acute patients, 3 chronic patients) at points 1-3 (Fig. 3).
Sequences categorized as patient-specific amino acid sequences displayed the
same characteristics as those of patient-specific nucleotide sequences. Variations
ina.a. sequence were particularly concentrated in HVR-1 and -2 for HCV genotype
1bisolates (patients A-C and 1b isolate from patient D; Fig. 3) and in HVR-1 alone
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for HCV genotype 2a isolates (patient E and 2a isolate from patient D; Fig. 3)
during the clinical course of infection. Although patient-specific conserved amino
acid sequences were present in this E1/E2 region for all 5 patients during the
clinical course of infection, the impact was not as strong as that of patient-specific
conserved nucleotide sequences (Fig. 2).

HVR-1 1574nt 1591nt
1 ARCGCCCGCAACAC GGc! ccdreTTTACAH darccacdidgy cc
A 2 -GACGCCCGCAN- - - GGGT -[CACGT - - - - - - G--q4d----T-GceTr--3--q----- - ﬂﬂg—z; -----
3 -GACGCCCGCAN- - - T - - -~ - --G--qd- - - -T-@CCT- -QF- -G~ --- - -~ A K- - -
1 PG TTTAACACCCG CGTETICCATCTTIAC A pe
B 2 Sl elels slelelolcloB ofe/c] -TACET]- -C- - - ~dA- -jde- - - -lg-ecT- -g- - - -- - - - -
3 CBGCICGE- C- - -CCG -TACQET- -C- - - -da--igc- - - -g-feeT- -a- - - - - - - - E
1 cacadecadhdeadeeerrcdriTadpTedareTTIfAc TCTcAGANTA
C 2 CAGAC)- - - -]nQ- - -[CGGAAGAC-TG-PT]- -Id- - - - A- -k q- - - -F-eTCT- -4- g - - = - - ~rrA-A- -d- - -
3 CAGAQ- AGAAQ- - -ICGEAAGAC-[TETRAT- -~ - - - 8- -£d- - - -@-GTCT- -@- 4d----- - -
1 ddcaeackacAydeadecceancThiracatieddreTT
D-1b 2 ICAAGCICAGAQQ- - -fccaeaACT-raeaT]- -ia- - - - 'fg ————————————
3 ICARGCCAGAG]- - - -[LGCATI- -id- - - - - -
1 GG/ / /GCATNCCAQTCGCARAGTITATCEGEGT TATTCAGCC
D-2a 2 TGd// /- -G -G q1l-A-~ - - - rac-Aed- - - -------
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Fig. 2 (continued)
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Fig. 2. Predominant nucleotide sequence comparison between each sequence from HCV
patients at points 1-3. Region including nucleotides 1492-1785, including HVRs, was
compared. A Patient-specific conserved sequences are enclosed in boxes. Each sequence
column number indicates DNA sequencing point for each patient. Dash (-) indicates the
same nucleotide as the first column sequence for each patient. Slash (/) indicates nucleotide
deletion point. Column marked with a black box on the right side indicates HCV genotype 1b
isolate. Column marked with a hatched box indicates HCV genotype 2a isolate. B Sequences
categorized as substituted nucleotide sequences displayed
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Fig. 3. Comparison of predicted amino acid sequences between each dominant HCV isolate

from patients at points 1-3. E1/E2 protein sequences of HCV (a.a. 192-480) were compared.

Sequence column number indicates DNA sequencing point for each patient. Patient-specific

conserved sequences are enclosed in boxes. Dash (-) indicates the same a.a. residue as the

first column sequence for each patient. Slash (/) indicates a.a. deletion point. Column marked

with a black box on the right side indicates HCV genotype 1b isolate. Column marked with
a hatched box indicates HCV genotype 2a isolate
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In genotype 2a isolates from patient D (D-2a; Fig. 3), one a.a. deletion was
identified in HVR-1 (residue 398, presented as a slash in Fig. 3). In genotype 2a
isolates (patients D and E), two additional a.a.s in HVR-2 were noted, as reported
elsewhere [21]. The deduced amino acid sequence of the E1 region (corresponding
to a.a. 192 ~ 380) in genotype 1b isolates from patient D (D-1b; Fig. 3) could not
be amplified by PCR at any time point (points 1-3; Figs. 1, 3).

Amino acid substitution speed in E1/E2 protein region and phylogenetic
analysis of HVR-1 during progression of hepatitis C

To elucidate status of the HCV genome during infection, a.a. substitution speed
between each point (point 1 to 2 and point 2 to 3; Fig. 1) was calculated as

B ®to® period ] @ to® period

A (Acute), Type 1b B (Acute), type 1b C (CH), type ib

14.3
A

HVR-1 HVR-2 thers HVR-1 HVR-2 others

HVR-1 HVR-2 others

Fig. 4. Amino acid substitution speed in E1/E2 protein within HVR-1, HVR-2 and other

regions. Amino acid substitution speed from DNA sequencing points 1 to 2 is indicated by

black bars, and speed from points 2 to 3 is indicated by white bars. Regions HVR-1, HVR-2

and others represent a.a. 384-410, 474-480, and 411-473, respectively. Acute: acute HCV
infection; CH: chronic HCV infection
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the monthly rate of a.a. substitutions within each region (%; Fig. 4). In the
first phase of acute infection (point 1 to.2), a.a. substitution speed in HVR-1
and HVR-2 was significantly faster than in the any other region of E1 and
E2 in patients A and B (11.1% and 10.2% for HVR-1; 4.8% and 14.3% for
HVR-2, respectively). In the second phase (point 2 to 3) of acute infection,
a.a. substitution speed in HVR-1 and HVR-2 was slower than the first phase
of acute infection in patients A and B (0% and 0.9% for HVR-1; 0% and 1.8%
for HVR-2; 0.5% and 0% for other regions, respectively). In contrast, a.a. sub-
stitution speed in chronic patients was 0% in HVR-2 and below 0.5% in other
regions (patients C-E; Fig. 4). Amino acid substitution speed in HVR-1 was
fast during chronic HCV infection of ALT or when virus RNA levels underwent
substantial transitions (patients C-E; Figs. 1, 4). In phylogenic tree analysis of
HVR-1, sequence diversity of HVR-1 in the first phase of acute infection was
phylogenetically distant from the original sequence (patients A and B), and the
phylogenic tree of HVR-1 displayed clusters for each of the five patients (data not
shown).
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Fig. 5. Structural analysis of E1/E2 protein during HCV infection. Hydrophilicity profiles

and antigenic indices of E1/E2 protein as predicted from direct DNA sequencing data were

compared between points 1-3 for patients A and C. A Hydrophilicity profile. B Antigenic
index. The presented region for HCV E1/E2 corresponds to a.a. 192480
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