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Fig. 4. Sequence comparisons between HCV genomes with and
without deletions isolated from the same patient. Partial sequences of
RT-PCR fragments isolated from liver biopsies are shown. cDNA
fragments are labeled as described for previous figures. Nucleotide and
amino acid positions are represented as the corresponding positions in
HCV-J1. In these cases, both non-truncated and truncated HCV RNA
were amplified from each biopsy specimen (Table I). The non-truncated
and truncated RT-PCR fragments from Patient 325, 288, 295, 274, and
331 were obtained with primer setsd andd,dandd,bandb,bande, and
a and b (Table II), respectively. Numbers between tagged graphs
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represent deleted regions as they correspond to HCV-J1. Bottom lines
show the corresponding amino acid positions of the boundaries. The
right side .of the sequences shows the identities of overlapping
nueleotide sequences in the truncated and non-truncated genome,
and the length of the overlap is given in parentheses. The L.V274-(ii)
had a translocation of the NS3 sequence inserted between the core and
NS2 sequences. Because we did not clone the NS3 sequence from this
case, the corresponding region of HCV-J1 is italicized in the figure and
the sequence identity was not determined. Sequences that coincided
between the boundaries of the deletions are underlined.
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Fig. 5. Cloning of the non-truncated HCV RNA from patient 207. A:
Schematic views of RT-PCR fragments for non-truncated HCV RNA in
liver (V0922 and LV2030) and in serum (S2531) from Patient 207, and
for the truncated sequence in serum (S831). LV0922 fragment was
obtained by RT-PCR with HC1b9405R for cDNA synthesis, HC84183
and HC2199AS for 1st PCR, and HC948S and HC2199AS for 2nd PCR.
LV2030 fragment was obtained by RT-PCR with XR58R for cDNA
synthesis, HC2048SLV and LVC1392AS for 1st PCR, and HC20698
and LVC1280AS for 2nd PCR. 82531 fragment was obtained by RT-
PCR with HC3174AS for cDNA synthesis, HC24308 and HC3174AS for

protein at the 70-kDa position, which was the predicted
mass of NS3, was detected by anti-NS3 polyclonal anti-
body. These data suggested that processing of the
truncated HCV polyprotein is same as that of the full-
length HCV polyprotein at the core—E1 and NS2-NS3
junctions.

1st PCR, and HC2546S and HC3111AS for 2nd PCR. Arrows indicate
regions being compared in the Tables (B), which show sequence
identities between the non-truncated and truncated sequences in
serum (upper), and those between sequences isolated from liver and
liver (lower). C: Images of agarose gel electrophoresis of RT-PCR
products amplified using junction site primer, from extracted RNA
from Patient 207 serum (lane 1) and Donor G14 plasma (lane 2),
truncated in vitro RNA transcripts of Patient 207 (lane 8) and non-
truncated in vitro RNA transcripts of Donor G14 (lane 4).

DISCUSSION

Characteristics of HCV Subgenome
With In-Frame Deletion

Novel truncated HCV genomes with in-frame dele-
tions from E1 to NS2 were identified in the livers of two
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Fig. 6. Alignment of amino acid sequences of cDNA isolates from a
series of serum samples from Patient 207. Comparison of nucleotide
sequences of truncated genome (A) and non-truncated genome (B) was
carried out using Clustal W algorithm. Numbers on top of the
alignment show the corresponding amino acid positions of HCV J1.
Names of the sequences indicate the date the serum was taken; 9712,
for example, refers to December 1997. Bold bar represents amino acid
position that differs from consensus sequence. Coinciding amino acid
positions are represented by dots. All cDNA isolates from March 1998
(9803) had an amino acid deletion at the position marked by the

horizontal bar. Bold vertical bars in A show the boundaries of the
deletion. Inverted triangles indicate positions of nucleotide deletions in
¢DNA isolates. Deduced amino acid sequences with nucleotide
deletions were obtained by inserting a nucleotide at the position.
Fragments of the truncated genome (A) were obtained by RT-PCR with
HC3297R for eDNA synthesis, HC8138 and HC3297R for 1st PCR, and
HC8418 and HC3174AS for 2nd PCR. Fragments of the non-truncated
genome (B) were obtained by RT-PCR with HC2378R for ¢cDNA
synthesis, HC1979S and HC2378R for 1st PCR, and HC1979S and
HC2300R for 2nd PCR.
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Fig. 6. (Continued)

chronic active hepatitis C patients. These HCV sub-
genomes encoded a single polyprotein for the entire core,
five NS proteins (from NS3 to NS5B), and E1-NS2
fusion protein. This type of HCV subgenome was found
in 4 of 23 chronic active hepatitis patients (16 cases with
positive results by RT-PCR with primer sets tested), and
in 2 hepatocellular carcinoma patients. These data
suggested that HCV subgenomic RNA is generated in
a certain number of chronic active hepatitis C patients.

HCV polypeptide expressed in cells with the sub-
genomie cDNA was processed in the same way as the
authentic HCV polyprotein. The E1-NS2 fusion protein
from subgenomic HCV ¢cDNA was glycosylated and was
susceptible to Endo H treatment, thus suggesting that it
was located in the ER. NS2 is a membrane protein locat-
ed in the ER region [Santolini et al., 1995; Kim et al,,
1999]. On the other hand, localization and modification
of E1 protein was governed by E2 [Cocquerel et al., 1998;
Duvet et al., 1998]. These data indicate that ER re-
tention in the E1—-NS2 fusion protein is determined by
NS2.

TABLE III. Quantitation of HCV RNA in a Series of
Serum Samples Taken From Patient 207

Percentage

Date 5-UTR (copies/ml) of E2/UTR
December 8, 1997 7.75 x 10* 19.5%
(5.75 x 16° 0.2%)

Numbers in parenthesis represents HCV
quantity in liver biopsy specimen
2.93 x 10° 36.2%

1.19 x 10* 22.1%
IFN treatment
From March 9, 1998 to
SePtember 2, 1998

March 6, 1998
March 9, 1998

September 29, 1998 417 x 10 23.8%
October 28, 1998 5.25 x 10* 21.8%
December 8, 1998 2.24 x 10% 26.1%
January 12, 1999 5.81 x 10* 28.5%
February 10, 1999 2.57 x 10* 20.3%
March 31, 1999 5.30 x 10* 23.1%

Do HCV Subgendmes Replicate
Autonomously in Patients?

Viral subgenomes have been isclated from viruses
closely related to HCV, such as flavivirus (Murray
Valley encephalitis virus) [Lancaster et al., 1998], pesti-
virus (classical swine fever virus; SFV [Aoki et al., 2001],
and bovine viral diarrhea virus; BVDV [Tautz et al.,
1994; Kupfermann et al., 1996]. The HCV subgenomes
shared common structural features with these subge-
nomic RNAs.

The HCV subgenomes fulfilled the minimal require-
ments for autonomous RNA replication; the 5-UTR,
nonstructural proteins (NS3—-NS5B), and the 3'-UTR,
as demonstrated using artificial HCV subgenomic re-
plicons [Lohmann et al., 1999; Blight et al., 2000]. In
addition, defective genomes of DI autonomously repli-
cate their RNA [Behrens et al., 1998]. Furthermore,
sequence comparisons of the truncated and non-
truncated HCV genome sequences, which were isolated
from a serum series obtained from a single patient, sug-
gested that both genomes have been replicating inde-
pendently for years. These data suggest that HCV
subgenomes with in-frame deletions in structural pro-
teins replicate themselves. However, it is possible that
the full-length genome is required for the replication of
the subgenome, as both genomes were present for years
despite the dominance of the subgenome.

The dominance of the subgenome over the full-length
genome (approximately 500-fold in the liver) was indi-
cated by real-time RT-PCR analysis for the HCV 5'-UTR
and E2. The dominance of HCV subgenome suggests an
advantage in RNA replication. The length of the genome
is probably a key factor in viral replication. If processing
velocities in translation and transcription are equal over
the HCV genome, the HCV subgenome would be repli-
cated about 20% faster than the non-truncated genome.
However, other mechanisms affecting efficiency are
likely present.

Heterogeneous molecular clones with out-of-frame
deletions, which shared sequences with the full-length
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genome, indicated that the HCV subgenome frequently
arises from its full-length genome by such mechanisms
found in other RNA viruses [Nagy and Simon, 1997].
However, the fact only one type of subgenome with anin-
frame deletion persisted suggested that a competent
subgenome for replication is selected. The NS2 in all
HCV subgenomes, which preserved their NS2—NS3
protease domains [Grakoui et al., 1993a; Hijikata et al.,
1993], indiecated protease activity is involved in the
persistence of the HCV subgenome. Furthermore, we
believe that core protein is required for virus replication
in vivo, because the core sequence in the HCV sub-
genomes was preserved among the dominant HCV
subgenomes.

Comparison With HCV Subgenomes or
Recombinants Described Previously

Quadri and Negro [2001] identified recently a posi-
tive-strand subgenomic RNA starting from the 5-UTR
without the 8-UTR, and a negative-strand subgenomic
RNA with the 8-UTR lacking the 5-UTR. Although we

A
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did not clone the 3'-UTR from the Patient 207 sample, an
HCV subgenome with same deletion was isolated from
c¢DNA with a primer corresponding to the X-regionin the
3'-UTR(data not shown), and we isolated the 3-UTR
from Patient 373 liver RNA. Based on these observa-
tions, it is considered that the subgenomic HCV RNA
contains the entire 3'-UTR, rather than their proposed
RNA populations.

Intergenotypic recombination has been described
between genotype 2k and genotype 1b HCV at be-
tween nucleotides 3175 and 3176, about 200 nucleotides
from the recombination region of the HCV subgenomes
[Kalinina et al., 2002]. We did not examine the pos-
sibility of this type of recombination because the number
of HCV e¢DNAs covering this region was too few in the
present study.

HCV Subgenome and Pathogenesis

The question whether the HCV subgenome involved
in the mechanism of viral persistence and pathogenesis
in a similar manner as the DI particles of other viruses

CHMV promoter HE4A bGH polyA
peD/LV207cont NGSA NESE =
<4 NS4h
pcDAJINLY E E2 NS2 NS3 NS4B NSSA NS58 ,
i
Clat
pcT/cNeo-Gf E;):% oo | —| eare
EMCV
RES
B
1 2 3 1 2 3
25kDa - . 47.5kDa - SakDab 1 2 3
mm ! 28,6 kDa - c ——
‘ B2 kDa - :
16.5kDa - 32.5kDa- [
EndoH
Anti-core Anti-E1 treated Anti-NS3
Anti-E1

Fig. 7. Expression of HCV proteins from truncated and non-
truncated HCV c¢DNA in mammalian cells. A: Chimeric HCV
subgenomic ¢cDNA, LV207cont, was composed of fragments from four
c¢DNAs from patient liver (LV207-H1-Cla, 0193-15, 0193-1, and 0193-6)
and a fragment from Patient 373 (L.V373-3'-UTR) by using restriction
sites depicted, Other chimeric ¢cDNAs consisted of LV207cont and a
fragment of HCV-J1 (JINLV), as indicated. Dicistronic DNA constructs

of HCV core-Neo resistant fusion and EGFP genes, ¢cNeo-EGFP, was
used as a negative control for HCV profein expression. All DNA
constructs were transiently expressed in HEK293 cells under the
control of the CMV promoter in pcDNAS. 1. B: Western blotting analysis
results for core, E1 and NS3 in transfected cells are shown. The
positions of pre-stained molecular weight markers are indicated on the
left side of the images.
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[Tautz et al., 1994; Kupfermann et al., 1996] is re-
mained. The amounts of core protein in patients with the
HCV subgenome were larger than in patients without
the subgenome (not statically significant). Transgenic
mice expressing core protein in liver developed steatosis
and later cancer, indicating that the core protein is a
potent carcinogen in mice [Moriya et al., 1997, 1998]. It
was found that two HCC patients had this subgenome.
These data suggested that the involvement of the
truncated genome in pathogenesis; however, we must
examine more cases in order to elucidate any correla-
tions between HCV subgenome and disease, particu-
larly for progression of the disease to HCC.

The heterogeneous nature of the HCV genomes in
patients may contribute to the persistence of HCV in
escaping the host defense system. Particularly, the
deletion of E1/E2 proteins may have a great impact on
host immune response to the virus; E1/E2 is believed
to be a target molecule for neutralizing antibodies,
which block the binding of virions to virus receptor
[Beyene et al., 2002]. The function of the truncated HCV
genome in the life cycle of HCV is uncertain, but we
believe the presence of this subgenomic RNA in both the
liver and serum is important for illustrating that much
about the nature of HCV remains unknown.

Added in Proof

Wakita et al. recently reported that a man-made HCV
subgenomic RNA lacking E1/E2 replicated in vitro.
[Wakita et al., 2005, NatureMedicine, published online
12 June]
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One hundrded and forty four patients with
chronic hepatitis B were tested to ideniify new
mutations associated with hepatitis B e antigen
(HBeAg) negativity, using a full genome sequence
analysis. All the patients were Chinese and had
hepatitis B virus infection of genotype C. Patients
with none of the pre-core or core promoter
mutations were significantly (P<0.001) less
common in the group with anti-HBe (13%) than
in the group with HBeAg (56%). The complete
nucleotide sequence was determined in four anti-
HBe-positive patients who had neither pre-core
nor core promoter mutations and in five HBeAg-
positive patients who also had neither of these
mutations (the groups were matched for age and
sex). Six mutations were found to be significantly
more common in the former group than in the
latter: G529A (3/4 vs. 0/5), C934A (4/4 vs. 1/5),
A1053G (4/4 vs. 1/5), G1915T/A (4/4 vs. 0/5),
T2005C/A (4/4 vs. 0/5), and C3026T (3/4 vs. 0/5).
Three of the six mutations were significantly
more common in the four anti-HBe-positive
patients who had. neither pre-core nor
core promoter mutations, compared to 11
HBeAg-positive patients who had pre-core and
core promoter mutations, and also compared to
15 anti-HBe-positive patients who had pre-core
and core promoter mutations, suggesting further
the specificity of these mutations. Of the six
mutations, two resulted in amino acid substitu-
tion in the polymerase protein, and one is located
near the enhancer | region. The results suggest
that the six newly discovered mutations are
associated with HBeAg negativity. J. Med. Virol.
76:170-175, 2005. © 2005 Wiley-Liss, Inc.
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genotype; nucleotide mutation
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INTRODUCTION

Approximately 350 million people are chronic carriers
of hepatitis B virus (HBV) worldwide [Maynard, 1990;
Maddrey, 2000]. Chronic HBV infection is the cause of
up to 50% of cirrhosis and 70-90% of hepatocellular
carcinomas (HCC) in China, South-East Asia, and
Africa [Lok, 1992; Fattovich, 1998], and in Asian
countries, almost all patients with chronic HBV infec-
tion have been infected perinatally from hepatitis B e
antigen (HBeAg)-positive mothers [Okada et al., 1976].
HBeAg is considered to be a marker for viral replication,
but some HBeAg-negative patients remain viremic and
continue to have active liver disease [Hadziyannis et al.,
1983; Lok et al., 1984; Bonino et al., 1986]. Many of
these patients are found to have a G to A change at
nucleotide 1896, which creates a stop codon (TAG) in the
precore (Pre-C) open reading frame, which in turn
prevents translation of the Pre-C protein and aborts
HBeAg production [Carman et al., 1989]. Other patients
have mutations in the core promoter (CP) region,
including an A to T mutation at nucleotide 1762 and a
G to A mutation at nucleotide 1764 [Okamoto et al.,
1994]. In vitro studies of this double mutation show
decreased transcription of Pre-C messenger RNA and
hence a resultant decrease in HBeAg production by 70%
[Buckwold et al., 1996; Chan et al., 1999]. A recent
follow-up study on Pre-C and CP mutations has also
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shown that the presence of these mutations is useful for
predicting seroconversion [Yamaura et al., 2003].
Besides the G1896A mutation and the A1762T/
(31764A mutation, a number of point mutations, as well
as deletions and insertions of nucleotides, have been
detected in the Pre-C region and CP region that could
correlate with seroconversion [Okamoto et al., 1990;
De Castro et al.,, 2001). In the present study, the
complete HBV genome was examined for other nucleo-
tide mutations associated with HBeAg negativity, in
addition to mutations in the Pre-C and CP regions.

MATERIALS AND METHODS
Patients

A cohort of 193 Chinese patients with chronic HBV
infection who visited the Liver Disease Clinic of the
Second Hospital of HeBei Medical University in Shi-
jiazhuang city, North China, between June and August
2001 were enrolled in the study. These patients
comprised 124 men and 69 women and had a median
age of 29.1 years old (range: 5—73 years old). Patients
who were co-infected with hepatitis C or D virus or with
the human immunodeficiency virus and patients with
other concomitant causes of chronic liver disease were
excluded. According to the consensus diagnostic criteria
for HBV infection, 182 patients were diagnosed with
chronic hepatitis B. The remaining 11 patients had
persistently normal alanine aminotransferase (ALT:
normal range 10—21IU/L) levels, suggesting an inactive
HBV carrier stage. None of the 193 patients were treated
with antiviral agents such as interferon or lamivudine.
Of the 193 patients, 169 (87.6%) were of genotype C,
21 (10.9%) of genotype B, and 3 (1.5%) of genotype A.
For the mutation analysis, 144 patients who were
positive for either HBeAg or anti-HBe were selected
from the 169 genotype C patients. Informed consent was
obtained from each patient.

Conventional HBV Markers and
Genotyping of HBV

Hepatitis B surface antigen (HBsAg), HBeAg and
anti-HBe were measured using commercially available
enzyme immunoassay kits (Abbott Japan, Tokyo,
Japan). Serum concentration of HBV DNA was mea-
gured using the AMPLICOR HBV Monitor test (Roche
Diagnosties K.K., Tokyo, Japan), which has a quantita-
tive range of 2.6—7.6 log copies/ml. When the concentra-
tion to be tested was beyond this range, the actual
concentration was determined using a serum sample
diluted 100-fold with normal human serum. The HBV
genotype was determined using the restriction fragment
length polymorphism (RFLP) method on an S-gene
sequence amplified by polymerase chain reaction (PCR)
with nested primers [Mizokami et al., 19991.

Determination of Pre-C and CP Mutations

The 1,896th nucleotide in the Pre-C region of G or A
was detected with an enzyme-linked mini-sequence
assay kit (Roche Diagnosties), and the results were
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expressed as the percentage mutation rate, as defined by
Aritomi et al. [1998]. If the mutation rate was 0%, the
strain was considered to be Pre-C mutation-negative,
while a Pre-C mutation-positive strain was recorded
when the mutation rate exceeded 0%. The double
mutation in the CP region (A1762/T1764) was detected
using an HBV CP mutation detection kit (Smitest:
Genome Science Laboratories, Tokyo, Japan), and the
results were classified into three categories: wild, mixed,
and mutant types. A wild type strain was considered
to be CP mutation-negative, while mixed and mutant
types were recorded as CP mutation-positive strains.
The detection limits of the pre-C and the CP mutation
detection kits are both 1,000 copies/ml.

Determination of Nucleotide Sequence

The complete genome sequence was determined
according to the method described by Rokuhara et al.
[2000]. Briefly, nucleic acids were extracted from a
serum sample of 100 ul with a DNA/RNA extraction kit
(Smitest EX-R&D: Genome Science Laboratories Co.,
Ltd.). Two microliters of each DNA solution were used
for amplification by PCR. The reaction was carried outin
25 ul of PCR-mixture containing 250 pmol/L of each
dNTP, 1x PCR buffer [50 mmol/L KCI, 10 mmol/L Tris-
HCI (pH 8.3), 1.5 mmol/L. MgCls, 0.001% gelatin], 0.25U
EX-Taq DNA polymerase (TaKaRa, Tokyo), and 0.25 yM
of a primer pair. The PCR was initiated using the hot-
start technique.

To determine the full-length nucleotide sequence of
HBYV, two fragments (fragments A and B) were amplified
by PCR, using the primers shown in Table L. Fragment A
(1,498 bases in length; nt 457—nt 1954) was amplified
with nested pairs of outer (8B1 and CB2) and inner
primers (SB3 and CB4), while fragment B (2162 bases in
length; nt 1611—nt 557), was amplified with nested pairs
of outer primers (es2 and PS4) and inner primers (is2 and
PS3). The first round of PCR was performed with an
outer primer set for 40 cycles (94°C for 1.5 min, 55°Cfor 1
min, and 72°C for 2 min), and was followed by an
extension reaction at 72°C for 7 min. The second round

. was undertaken with an inner primer set for 30 cycles,

and was also followed by an extension reaction. PCR
products were subjected to electrophoresis on a 1.0%
agarose gel with ethidium bromide staining and visua-
lization with an UV transilluminator. The band contain-
ing the target sequence was removed and DNA was -
isolated using GFX" PCR DNA and a Gel Band
Purification kit (Amersham Pharmacia Biotech Inec.,
Piscataway, NdJ). The nucleotide sequence was directly
determined by the dideoxy method, using the sequen-
cing primers shown in Table I. The accuracy of the
sequence was ensured by comparison of the sequence
data for the complete genome cbtained with sense-
sequencing primers and that obtained with anti-sense-
sequencing primers.

Statistical Analysis

Mann-Whitney’s U test was utilized for quantitative
data, and Fisher’s exact test and a Chi-square test were
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TABLE I. Primers Used for PCR and Sequencing of HBV DNA

Primer Sequence nt position

Primers for PCR of fragment A
SB1 Sense 5-TGCTGCTATGCCTCATCTTC ‘ (414-433)
CB2 Anti-sense 5-GGAAAGAAGTCAGAAGGCAA (1974-1955)
SB3 Sense 5-AGGTATGTTGCCCGTTTCTC (457—-476)
CB4 Anti-sense 5-AAAAGAGAGTAACTCCACAG (1954-1935)

Primers for PCR of fragment B
es2 Sense 5-ACGTCGCATGGAGACCACCG (1601-1620)
PS4 Anti-sense 5-CAGTTTCCGTCCGAAGGTITTG (594-573)
is2 Sense 5-GAGACCACCGTGAACGCCCA (1611-1630)
PS3 Anti-sense 5-GAAACATAGAGGTGCCTTGAGCAG (557-534)

Primers for sequencing )
SB3 Sense 5-AGGTATGTTGCCCGTTTCTC (457-478)
asl Anti-sense 5-TGCGAAAGCCCAGGATGATG (631-612)
82 Sense 5-TGCGAAAGCCCAGGATGATG (760-783)
as2 Anti-sense 5-AGTTGGCGAGAAAGTGAAAGCCTG (1107-1084)
83 Sense 5-CTCTGCCGATCCATACTGCGGAA (1256~1278)
as3 Anti-sense 5-CGGGACGTAGACAAAGGACGT - (1434-1414)
is2 Sense 5-GAGACCACCGTGAACGCCCA (1611-1630)
eal Anti-sense 5-TGAAAAAGTTGCATGGTGCTGGTG (1827-1804)
g4 Sense 5-TATCGGGAGGCCTTAGAGTCTCCG (2012-2035)
asd Anti-sense 5-ATAGGGGCATTGGTCT (2314—-2298)
s5 Sense 5-CGCAGAAGATCTCAATCTCGG (2417-2437)
ash Anti-sense 5-GGATAGAACCTAGCAGGCAT (2654—2635)
86 Sense 5-GGGTCACCATATTCTTGGGAA (2814~2834)
as6 Anti-sense 5-GGGTTGAAGTCCCAATCTGGATT (2987-2965)
isl . Sense 5-AAGCTCTGCTAGATCCCAGAGT (18-39)
ea2 Anti-sense 5-TAGAAAATTGAGAGAAGTCCACCA (280—257)
sl Sense 5-CATCCTGCTGCTATGCCTCATC (409-430)
asl Anti-sense 5-TGCGAAAGCCCAGGATGATG (631-612)

Nucleotides are numbered from the unique EcoRI site of HBV.

used for qualitative data. P values less than 0.05 were
considered significant. Analyses were carried out using
SPSS version 10.0J (SPSS Inc., Chicago, IL).

RESULTS

Of the 144 patients selected for mutation analysis,
90 (62.5%) were HBeAg-positive and the remaining
54 (37.5%) were anti-HBe-positive. The clinical and
virological backgrounds of the two groups of patients are
compared in Table II. The 90 HBeAg-positive patients
tended to be younger and have a higher concentration of
HBV DNA than the 54 anti-HBe patients. Patients with
none of the Pre-C and CP mutations were significantly

(P<0.001) more common in the HBeAg-positive
patients (56%) than in the anti-HBe-positive patients
(13%). .

A comparison of the clinical background of seven anti-
HBe-positive patients who had neither Pre-C nor CP
mutations and 47 anti-HBe-positive patients who had
at least one of the mutations is shown in Table IIIL
Distributions of age, gender, ALT level, and HBV DNA
concentration did not differ between the two groups.

Nucleotide sequences of the complete genome were

- determined in four out of seven anti-HBe-positive

patients who had neither Pre-C nor CP mutations and
in 5 out of 50 HBeAg-positive patients who also had
neither mutation. All nine of the genome sequences

TABLE II. Comparison of Clinical and Virological Backgrounds of Patients With HBeAg and

Those With Anti-HBe
HBeAg-positive Anti-HBe-positive
n=90 n=>54 P

Age® 25 (5-53) 36 (11-73) <0.001°
Gender (M:F) 58:32 30:24 >0.2°
ALT® 89 (11-2100) 62 (13-458) >0.2°
HBV DNA (log copies/mL)* 8.3 (4.4-7.9) 5.0 (3.2-8.8) <0.001?
Pre-C/CP mutations

Both negative 50 (56%) 7 (13%) <0.001°

Pre-C mutation only 13 (14%) 20 (37%)

CP mutation only 12 (13%) 5 (9%)

Both positive 15 (17%) 22 (41%)

®Data are expressed as median values (range).
YMann—Whitney test.
“Chi-square test.
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TABLE III. Comparison of Clinical and Virological Backgrounds of Anti-HBe-Positive
Patients With Neither Pre-C nor CP Mutations and Anti-HBe Patients With at Least one of

These Mutations
Pre-C and CP Pre-C and/or CP
mutation-negative mutation-positive
n="7 n=47 P
Age? 37 (18—60) 36 (11-73) >0.2
Gender (M:F) 4:3 26:21 >0.2°
ALT® 44 (18~86) 65 (13-458) 0.17*
HBV DNA (log copies/ml)* 4.7 (3.3—5.5) 5.0 (3.2-8.8) >0.2°

2Data are expressed as median values (range).
“Mann—Whitney test.
°Chi-square test.

determined had nucleotide lengths of 3,215 bases, and
thus there were no insertions or deletions. When the full
genome sequences were compared, the six mutations
shown in Table IV were significantly more common in
the four anti-HBe-positive patients than in the five
HBeAg-positive patients. The positions of the six
mutations in the HBV genome are shown in Figure 1.
Of the four mutations located in the polymerase gene,
the G529A and C934A mutations cause amino acid
substitutions in the polymerase protein. The C3026T
mutation does not cause an amino acid substitution in
the polymerase, but rather in the pre-S1 protein, while
the A1053G mutation does not lead to an amino acid
substitution, but the mutation is located near the
enhancer I region. The G1915T/A and T2005C/A muta-
tions are located in the core gene, but do not result in an
amino acid substitution. Patients with at least one of
the three mutations (G529A, C934A, and Al053G)
which might affect HBV replication had a significantly
(P=0.029) lower level of HBV DNA (n=22, median
5.3 copies/ml, range 3.8—8.9) than those patients who
had no mutations (n =13, median 8.5 copies/ml, range
3.8-8.9).

To examine further the specificity of the six muta-
tions, these mutations were also determined in 11
HBeAg-positive patients who were positive for Pre-C
and CP mutations and in 15 anti-HBe-positive patients
who were also positive for Pre-C and CP mutations.
The frequencies of the six mutations were compared

between groups of patients classified according to their
HBeAg/anti-HBe and Pre-C/CP mutation status. Three
(G1915T/A, T2005C/A, and C3026T) of the six mutations
were found to be significantly more common in anti-
HBe-positive patients who had neither a Pre-C nor a CP
mutation than in the two groups of patients with Pre-C
and CP mutations, as shown in Table V.

The nucleotide sequence data reported in this paper
have been registered in the DDBJ/EMBL/GenBank
nucleotide sequence databases, with the accession
numbers AB198076-84.

DISCUSSION

Studies to date have shown that the stop codon
mutation in the Pre-C region (G1896A) and the double
mutation in the CP region (A1762T/G1764A) are in-
dependently associated with the seroconversion of
HBeAg, and that the Pre-C mutation is more directly
associated with seroconversion than the core promoter
mutation [Okamoto et al., 1994; Yamaura et al., 2003].
Only a small number of anti-HBe-positive patients
(13%) were both negative for the Pre-C and CP muta-
tions, and in the present study this rate was signifi-
cantly lower than that (56%) in HBeAg-positive
patients. These results are consistent with previous
reports, suggesting that the two mutations are the
main causes of seroconversion. However, there are also
patientsin whom HBeAg secretion discontinues without

TABLE IV. Comparison of Full Nucleotide Sequences of HBV With Neither Pre-C nor CP
Mutations for HBeAg-Positive and Anti-HBe-Positive Patients

HBeAg Pre-C Anti-HBe Pre-C
Amino acid and CP and CP
substitution = mutation-negative mutation-negative
Nucleotide mutation  (viral protein) n=>5 n=4
G529A D480N (P) 0 3 0.048
None (5)
C934A L8151 (P) 1 4 0.040
A1053G None (P) 1 4 0.040
G1915T/A None (C) 0 4 0.008
T2005C/A None (C) 0 4 0.008
C3026T ABOV (Pre-51) 0 3 0.048
None (P)

Six mutation sites with significant differences are shown. Data are expressed as the number of positives.
Statistical analysis was performed with a chi-square test. P, polymerase protein; S, surface protein; C, core

protein; Pre-S1, pre-surface 1 protein.
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Fig. 1. Organization of the hepatitis B virus genome (genotype C)
and the approximate positions of the six nucleotide mutations in the
HBYV genome. The inner circles represent the minus and plus DNA
strands of the viral genome, The different open reading frames encoded
by the genome, designated as S, C, P, and X, are indicated by the arrows.
Abbreviations: S, surface antigen; C, core; P, polymerase; Pre-C,
precore.

appearance of Pre-C and/or CP mutations. Thus, we
speculated that some other mutations might be asso-
ciated with HBeAg seroconversion. A variety of other
mutations in the CP and Pre-C regions have been
detected in previous studies [Carman et al, 1989;
Tillmann et al., 1995; Baumert et al., 1996; Laras et al.,
1998; Chan et al., 2000; De Castro et al., 2001; Yoo et al,,
2003], but other regions of the HBV genome have not
been analyzed sufficiently for mutations associated with
HBeAg seroconversion.

When the full nucleotide sequences of HBV genomes
of HBeAg-positive and anti-HBe-positive patients
with neither Pre-C nor CP mutations were compared,
gix mutations (G520A, C934A, A1053G, G1915T/A,
T2005C/A, C3026T) were found to be significantly more
common in the anti-HBe-positive patients. The six

Sun et al.

mutations were also more common in anti-HBe-positive
patients who had neither Pre-C nor CP mutations than
in HBeAg-positive patients or in anti-HBe-positive
patients who had Pre-C and CP mutations, with the
results being statistically significant for three (G1915T/
A, T2005C/A, C3026T) of the six mutations. These
results suggest that the six mutations are associated
with HBeAg negativity.

The mechanisms through which the six mutations
facilitate HBeAg negativity were not investigated in
the present study. However, some possible mechanisms
can be considered, based on the locations of these
mutations in the HBV genome. The G529A and C934A
mutations cause amino acid substitutions in the poly-
merase protein. Thus, these two mutations may attenu-
ate HBV replication through changes in the enzymatie
activity of the polymerase. The A1053G mutation is
located near the enhancer I region, which may affect the
replication of HBV [Bock et al., 2000]. Patients who had
at least one of the three mutations associated with HBV
replication tended to have a lower level of HBV DNA
than those who had none of these mutations, providing
further support for a replication-associated mechanism. .
It has been reported that amino acid substitutions in
immunogenic epitopes in the core protein are found most
frequently during or after seroconversion from HBeAg
to anti-HBe [Akarca and Lok, 1995; Carman et al,,
1995]. We found two mutations in the core gene, but
these mutations did not cause amino acid substitutions.
Thus, the mechanisms through which the G1915T/A
and T2005C/A mutations exert their effects remains
unclear. '

In anti-HBe-positive patients, the clinical back-
ground, including the mean age, gender distribution,
ALT level and HBV DNA level, were similar in patients
with and without Pre-C and/or CP mutations. Although
these comparisons were cross-sectional, the results
suggest that mutations other than those in the Pre-C
and CP regions have a similar impact in patients in
whom seroconversion occurs, compared to Pre-C and CP
mutations.

The six mutations identified in the present study
have not been described previously. These mutations

TABLE V. Comparison of Six Mutations Among Three Groups Classified According to Their
HBeAg/anti-HBe and Pre-C/CP Mutation Status

Anti-HBe Pre-C HBeAg Pre-C Anti-HBe Pre-C
and CP and/or CP and/or CP
mutation-negative mutation-positive mutation-positive
Mutation site n=4 n=11 n=15
G529A 3 3 3
C934A 4 6 10
Al1053G 4 4 9
G1915T/A 42 3 1
T2005C/A 4> 3 4
C3026T 3¢ 0 1

Data are expressed as the number of positives. Statistical analysis was performed with Fisher's exact test.

Other comparisons were not statistically significant.

ap - (.026 versus 11 patients with HBeAg, and P =0.001 versus 15 patients with anti-HBe.
bp —0.026 versus 11 patients with HBeAg, and P = 0.018 versus 15 patients with anti-HBe.
°P =0.009 versus 11 patients with HBeAg, and P = 0.016 versus 15 patients with anti-HBe.
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are thought to be associated with HBeAg negativity
because they were found specifically in anti-HBe-
positive patients with neither a Pre-C nor a CP
mutation. However, several issues remain to be resolved
to clarify the real significance of the six mutations,
including the mechanisms through which they facilitate
HBeAg negativity, their universality in genotypes
other than genotype C, and their clinical relevance.
Furthermore, it is possible that immune-based selection
pressures that cause loss of HBeAg are responsible for
the selection of the mutations identified in the present
study [Loearnini, 2004]. Therefore, it is not possible to
conclude that the new mutations are definitely asso-
ciated with seroconversion, but they do provide new
clues regarding the nature of seroconversion.
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Ethnicity affects the diagnostic validity of alpha-fetoprotein in
hepatocellular carcinoma
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Abstract

Introduction: Hepatocellular carcinoma (HCC) is the fourth most common cancer worldwide with a high
morbidity and mortality. Alpha-fetoprotein (AFP) is considered the main tumor marker for HCC diagnosis,
but the variation in its diagnostic validity among studies justifies further investigation of the underlying
contributing factors. Ethnic difference could be one of the factors that has not been well studied. We aimed
at investigating the ethnic difference in AFP validity between Egyptian (representing Arabic North African)
and Japanese (representing Asian) for HCC diagnosis.

Methods: Four cohorts with chronic liver diseases (CLD) were studied: 171 Egyptian (65 HCC/106 non-
HCC), and 173 Japanese (45 HCC/128 non-HCC). Laboratory tests including serum AFP, protein-induced
vitamin K deficiency or absence (PIVKA-II), alanine aminotransferase (ALT), total bilirubin, platelet count,
HBsAg, anti-HCV, and HCV core antigen were conducted using standard commercially available assays.
Results: A significantly higher sensitivity of AFP in Egyptian in comparison with Japanese for HCC
diagnosis (99 vs 67%, P < 0.001) was observed using an AFP cut-off point of 10 ng/mL, with a comparable
specificity (75 vs 82%) While a sensitivity of 98 versus 56%, P <0.001 and a specificity of 83 versus
89% was found for AFP cut-off point of 20 ng/mL, respectively. The area under the receiver operating
characteristic curve (ROC) was found to be 0.98 (95%CI=0.969-0.997) for Egyptian and 0.77
(95%CI = 0.686-0.864) for Japanese. The highest sensitivity for the former group occurred at
AFP = 20.5 ng/mL and at AFP = 10.2 ng/mL for the latter. Univariate analysis showed no effect for age,
sex, underlying liver disease, cirrhosis, Child’s class or tumor characteristics (size, pathological grade) on
AFP sensitivity, while race significantly contributed to the higher sensitivity among Egyptians in comparison
with the Japanese. Using ROC analysis, the AFP cut-off point for HCC detection in each subgroup of
patients with and without each of the risk factors of interest was determined and the subgroups were again
subclassified according to AFP positivity (< or 2 the decided cut-off point for each group). Logistic regression
analysis of those factors combined showed that Egyptian ethnicity with an AFP level >20.5 ng/mL
(P =0.007), older age (>50 years) with an AFP level >26 ng/mL (P = 0.010), and cirrhosis with an AFP
level >10.5 ng/mL (P = 0.014) were the independent risk factors for HCC.

Conclusion: There is an ethnic variation in AFP validity berween Egyptian and Japanese patients with a
significantly lower sensitivity in the latter. Alpha-fetoprotein should not be the only marker used for
screening HCC among Asian Japanese and younger age groups (<50 years) with CLD. In addition, an AFP
cut-off point of 20 ng/mL is recommended when screening patients of Asian origin for HCC.

Key words: alpha-fetoprotein, diagnostic validity, ethnicity, hepatocellular carcinoma.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common cancers with an incidence of one million
affected per year.! It accounts for more than 90% of all
hepatic primary tumors in Asia® and it is considered the
fourth most common cancer worldwide.?

Alpha-fetoprotein (AFP), which was discovered in
1956,* is a glycoprotein produced by the fetal yolk
sac and liver. Its level falls rapidly to less than 10 ng/
mL immediately after birth, but in certain pathologi-
cal conditions it rises again.® Elevated serum AFP has
been reported to be associated with hepatocellular
carcinoma;®’ however, positive cases are also seen
in non-hepatic tumors®'® and benign liver disease
such as chronic hepatitis and cirrhosis.!**3 Protein-
induced vitamin K deficiency or absence (PIVKA-II)
is another marker for HCC that was shown to be
sensitive in early diagnosis of small sized HCC,
and becomes more sensitive when combined with
AFPM

Previous studies have found variations in AFP
validity in the context of HCC diagnosis;**® however
the factors contributing to these variations have not
well been studied. Some studies addressed a variation
in AFP utility in HCC patients according to the
underlying liver discase,"'* while others reported no
difference.!” Alpha-fetoprotein sensitivity varied sig-
nificantly between studies from Asia,''¢ the USA™
and Europe,'®? which might point to an ethnic differ-
ence in its validity. Two studies have addressed the
effect of ethnic difference on AFPR'®?' A lower sensi-
tivity of AFP for HCC diagnosis was reported in
Americans of African origin compared with those of
non-African origin.'®* However, in that study, the Afri-
can popularion with HCC was too small for the
author to draw a solid conclusion, and the study was
limited to HCV-associated cirrhosis and HCC only.
Another population-based study addressed an age-
dependant difference in the AFP level between six
different ethnic groups, and showed a significant dif-
ference in distribution between a black African and
Asian normal population.! In our study we investi-
gated the hypothesis that AFP would be less sensitive
in Egyptian patients (representing Arabs of North
Africa) than in Japanese patients (representing Asian)
among different categories of chronic liver disease
patients seen in outpatient settings for HCC diagno-
sis. We also investigated other contributing factors
that could affect AFP validity using a multivariate
analysis.
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MATERIALS AND METHODS
Study population

This is a cross-sectional study conducted from April to
November 2003. Data were gathered from two hospi-
tals; Shinshu Medical School University Hospital in
Japan and Suez Canal University Hospital in Egypt. A
total of 110 consecutive HCC patients were included,
with a mean age of 61 + 11 years and a male to female
ratio of 4:1; 65 were Egyptian and 45 were Japanese.
The HCC-negative control group included 234 patients
with chronic liver disease with a mean age of 56 £ 13
years and a male to female ratio of 7:3; 106 were
Egyptian and 128 were Japanese. ‘

All patients were screened for HCC by abdom-
inal ultrasound (US) and computed tomography (CT).
Chronic liver disease and cirrhosis were identified and
diagnosed according to liver biopsy findings and/or
clinical or radiological evidence of portal hypertension.
Hepatocellular carcinoma was excluded by imaging
studies including US, CT, magnetic resonance imaging
(MRI) and/or hepatic angiography, one of which must
have been performed at least 6 months after the mea-
surement of AFP. Diagnosis of HCC was made when
our inclusion criteria of positive cytology and/or histol-
ogy were met or by the presence of characteristic hepatic
masses on liver CT, MRI and/or hepatic angiography
(i.e. enlarging tumors and/or tumors with typical arte-
rial vascularaizarion). We excluded purely schistosomal
liver disease (4 HCC, 9 non-HCC) and alcoholic liver
disease (4 HCC and 20 non-HCC) patients from our
study populations.

Laboratory tests including serum AFP, PIVKA-I,
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), total bilirubin, platelet count, HBsAg,
anti-HCV, and HCV core antigen were performed using
standard commercially available assays. The AFP assay
was performed using ELISA 2-AFP; an immunoradio-
metric assay for direct quantitation. The AFP cut-off
point was set to 10 ng/mL. The PIVKA-II assay was
performed using ELISA according to the manufacturer
instructions (Esai Laboratory, Tokyo, Japan); its cut-off
point was set to 35 mAU/mL.

Pathological assessment

Tumor differentiation was determined for 32 of the
Egyptian and 22 of the Japanese patients who had
a HCC resecrion operation during the study period.
Paraffin-impeded tumor sections were stained using
haematoxlin—eosin and HCC was graded as either well,
moderately or poorly differentiated.”
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Table 1 Background data of the study group

Egyptian Japanese
HCC (+) HCC (-) HCC (+) HCC (-)

n==65 n=106 P n=45 n=128 P
Mean age (years) (SD) S7+11* 47+9 - <0.001 66 +10* 63110 NS
Age <50 16 (25)f 65 (61) <0.001 3 17 (13) NS
Male 50 (77) 82 (77) NS 38 (84) 87 (68) 0.024
Liver disease
Viral: 61 (94) 96 (91) 44 (98) 107 (84)

HCV related 9 (91) 92 (87) NS 36 (80) 81 (63) 0.031
HBV related 2 (3)# 4 (4) NS 8 (18)# 28 (22) NS
Non viral: 4 (6) 10 (9) NS 1(2) 20 (16) 0.010

Cirrhosis 46 (71) 45 (42) <0.001 40 (89) 40 (31) <0.001

Child's C 25 (38)* 17 (16) =0.001 4 (9)* 1(1) 0.017
Mean + SD:

ALT (TU/dL) 73£95 66 45 =0.08 55+35 50+39 NS

Serum Albumin(gm/dL) 3.0£0.7 3.0+0.5 NS 3.6+0.5 42104 <0.001

Platelet count (per 1000/mL) 186 £107¢ 89+53 =0.001 130+ 518 170+ 71 <0.001
a-fetoprotein >10 ng/mL 64 (99) 28 (26) <0.001 30 (67) 23 (18) <0.001
PIVIKA >35 mAU/mL 51 (79) 38 (36) <0.001 16 (36) 27 (21) 0.047

The P-value for the difference berween Egyprian and Japanese hepatocellular carcinoma (HCC) patients was <0.001 for *,,%%, and = 0.001 for #.

All the categorical data were shown as # (%).

Statistical analysis

Univariate statistical analysis was performed using
Student’s z-test for continuous and chi-square test for
categorical data (Fisher exact test was used for small
numbers comparison). Different risk factors for HCC
(age, sex, ethnicity, underlying liver disease, cirrhosis,
Child’s class, PIVKA-II positivity) and tumor character-
istics (tumor size, differentiation) were studied for their
effect on AFP sensitivity using univariate analysis. The
AFP cut-off point for each risk factor of interest was
determined separately using the ROC analysis (the point
that gave the highest sensitivity of AFP for HCC diag-
nosis). Each factor was then considered using multivari-
ate analysis under four subgroups (+/<, +2, —/<, ~/=)
that included each factor (+) versus (=) patients with
AFP <or = the cut-off point. Multivariate analysis
was performed using a logistic regression model with a
stepwise method and a statistical computer program
(SPSS, version 6.0). The level of significance was set at
P <0.05.

Table 2 Comparison of background tumor characteristics
between Egyptian and Japanese hepatocellular carcinoma

patients
Egyptian Japanese
Tumor characteristic (n=65) (n=45) P
Tumor multiplicity:
Solitary 25 (38) 22 (49) >0.2
Multiple 40 (62) 23 (51) 0.06
Tumor size:
<3cm 32 (49) 20 (44) >0.2
3:<Scm 15 (23) 14 (31) >0.2
25cm 18 (28) 11 (25) 0.13
Metastases 0 1(2) >0.2
Tumor grade#:
Well differentiated 5 (16) 2 (8) >0.2
Poorly differentiated 5 (16) 4 (16) >0.2

# Tumor grade was analyzed in 32 of the Egyptian and 22 of the
Japanese groups who had a hepatocellular carcinoma resection opera-
tion during the study period. )

RESULTS
Background data

Our study (which included consecutively seen Egyptian
and Japariese patients at outpatient liver clinics) found
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some background difference between the two groups.
The Egyptian patients (Table 1) had a younger mean
age (P <0.001), lower prevalence of HBV-related dis-
ease (P =0.001) and a higher prevalence of Child’s class
C (P < 0.001). No difference in tumor background char-
acteristics was found between the two groups (Table 2)
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Results showed an overall AFP positivity of 86% in the
HCC group in comparison with 21% in the control
group (P < 0.001) using an AFP cut-off point of 10 ng/
mL. A significantly higher sensitivity of AFP was
observed in Egyptian patients in comparison with
Japanese patients for HCC diagnosis (99 vs 67%,
P <0.001) for an AFP greter than 10 ng/mL, with a
comparable specificity (75 vs 82%, NS), while a sensi-
tivity of 98 versus 56% and a specificity of 83 versus
89% were found for an AFP greater than 20 ng/mlL.

Receiver operating characteristic curve

The area under the receiver operating characteristic
curve (Fig. 1) was found to be 0.98 (95% CI=0.969-
0.997) for Egyptian and 0.77(95% CI = 0.686-0.864)
for Japanese patients, which gave the highest sensitivity
of AFP for HCC diagnosis at 20.5 ng/mL in the former
and 10.2 ng/mL in the latter.

100
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40

30

20
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Figure 1 Receiver operating characteristic curves (ROC) for
o-fetoprotein (AFP) as predictors of HCC for Egyptians ()
and Japanese (B). The area under the ROC was found to be
0.98 (95%CI = 0.969-0.997) for Egyptians with the highest
AFP sensitivity obtained at AFP=20.5 ng/mL and 0.77
(95%CI = 0.686-0.864) for Japanese with the highest AFP
sensitivity obtained at AFP = 10.2 ng/mL.
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Factors affecting o-fetoprotein validity

Univariate analysis of different risk factors of HCC
(Table 3) in relation to AFP cut-off point for each factor
(calculated using the ROC curve for each factor as a risk
for HCC) showed that there was no effect for age, sex,
underlying liver disease, cirrhosis, Childs class or
PIVKA-II positivity on AFP sensitivity in the studied
population, while only race significantly contributed to
a higher sensitivity among Egyptians in comparison
with the Japanese. However, age less than 50 years
(P =0.02), male gender (P < 0.001), non-viral liver dis-
ease (P = 0.03), non-cirrhotic (P = 0.007), and Child’s C
group (P = 0.008) showed a significantly higher speci-
ficity for AFP in the context of HCC diagnosis. In addi-

Table 3 Factors affecting the cut-off point for a-fetoprotein
(AFP) for diagnosing hepatocellular carcinoma

AFP

Variable *Cut-off point  Semsitivity  Specificity
Age (years):

>50 26 77 90

<50 123 94 98

P 0.067 0.02
Sex:

Male 8.45 91 94

Female 23.8 86 72

P NS <0.001
Ethnicity:

Egyptian 20.5 98 83

Japanese 10.15 66 81

P <0.001 NS
Liver disease:

Viral 25 80 86

Non-viral 100 80 100

P NS 0.03
Cirrhosis:

(+) 24 80 53

) 10.5 92 87

P NS 0.007
Child’s class:

C 217 83 100

A and B 8.3 86 75

P NS 0.008
HCV core Ag:

(+) 27.5 84 76

(=) 31.3 72 74

P NS NS

* AFP cut-off point was decided for each variable using the Reciever
Operating Characteristic (ROC) analysis (the point that showed the
highest AFP sensitivity for hepatocellular carcinoma diagnosis).
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tion, data showed no effect of tumor size or grade on
AFP validity in the studied population in general or
specifically in either the Egyptian or Japanese group
(Table 4). Multivariate analysis of those factors divided
according to AFP positivity using a different cut-off
point (see statistical analysis) for each factor (Table )
showed that Egyptian ethnicity with an AFP level
greater than 20.5 ng/mL (P=0.007), an older age
(>50 years) with an AFP level greater than 26 ng/mL
(P = 0.010), and cirrhosis with an AFP level greater than
10.5 ng/mL (P = 0.014) were the independent risk fac-
tors for HCC.

Table 4 Comparison of the sensitivity of alpha-fetoprotein in
Egyptian versus Japanese patients according to tumor size

HCC
Egyptian Japanese
AFP (+) AFP (+)
Tumor size Total n (%) Total n (%)
<3 cm 32 32 (100) 20 13 (65)
3:<S em 15 15 (100) 14 12 (84)
=5 cm 18 17 (94) 11 7 (60)

P value is calculated in comparison with the <3 cm group. The differ-
ence was statistically insignificant.

DISCUSSION

The AFP positive rate varies markedly between studies;
a fact that could reflect a difference in underlying liver
disease, ethnic background or some other factors. To
our knowledge, only two studies had addressed the
question of racial difference as a factor that could influ-
ence AFP validity.!®*! Although one study found a lower
AFP sensitivity in African Americans compared with
other ethnic origins, the study was limited to HCV-
related liver disease, and included too small number of
Africans to give a solid conclusion.*® The other one was
a population-based study which addressed an age
dependant difference in AFP level between six different
ethnic groups. However, the studied group was a normal
population and the Egyptians included were all black
Egyptian.” Our study could be the first to address ethnic
difference in AFP validity in consecutively examined
outpatient liver clinic patients of two different
ethnicities.

We found a lower AFP sensitivity in Japanese com-
pared with Egyptian, a difference which may be related
to a genetically determined difference in the cut-off
point for AFP. This possibility was supported by our
finding of a higher cut-off point for AFP in Egyptian
compared with Japanese patients using ROC curve anal-
ysis. Those results also agree with a previous study that

Table 5 Multivariate analysis of the factors affecting o-fetoprotein (AFP) validity for hepatocellular carcinoma diagnosis ‘at

different cut-off points

95% C.I.

Variable AFP </z cut-off point *(ng/dL}) No. OR 0.05 0.95 P
Age (years):

<50 <123 80 1.00

<50 >123 20 1.9 0.138 27.3 0.600

250 <26 158 54 0.546 53.28 0.100

250 226 86 29.8 1.85 481.8 0.010
Ethnicity:

Japanese <10.15 118 1.00

Japanese 210.15 55 0.17 0.020 1.971 0.100

Egyptian <20.5 82 0.28 0.021 3.77 0.300

Egyptian 220.5 89 0.02 0.001 0.366 0.007
Cirrhosis:

“ <10.5 134 1.00

-) 210.5 41 27.9 1.956 389.1 0.014

(+) <24 78 26.3 5.031 138.1 0.000

(+) >24 91 81.5 4.46 1488.7 0.003

AFP cut-off point for cach risk factor of interest was determined separately using the Reciever Operating Characteristic (ROC) analysis (the point
that gave the highest sensitivity of AFP for hepatocellular carcinoma diagnosis). Each factor was then considered using multivariate analysis under
four subgroups (+/<, +/2, /<, —2) that included each factor (+) versus (-} patients with AFP < or 2 the cut-off point. :
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found an ethnic difference in maternal/fetal level for
AFP cut-off point.*?

It is also possible that there is an ethnic difference in
tumor behavior and aggression and hence in AFP
expression in HCC patients, as AFP is known to be less
secreted in both carly and severely advanced HCC."
However, our data showed no significant difference
between Egyptian and Japanese with regards to tumor
size, multiplicity or differentiation grade. In addition,
data analysis showed no effect of cither tumor size or
grade on AFP sensitivity in either group. There is a
possibility that our finding of a difference in the preva-
lence of some underlying chronic liver diseases of non-
viral origin between Egyptian (e.g. schistosomal liver
disease) and Japanese (e.g. alcoholic liver disease) might
have influenced the difference in results. Although we
excluded purely schistosomal liver disease and alcoholic
liver disease patients from our study, some of the
patients had a past history or a background of risk for
such diseases.

Our Bgyptian and Japanese study groups were not
matched in terms of their background data because non-
matching made it easier to study patients” background
characteristics for possible predictors of AFP elevation
and including consecutive patients encountered at out-
patient clinics in both ethnic groups gave a better rep-
resentation of the populations hepatologists are most
likely to encounter in those settings.

Although our study found lower mean age, lower
prevalence of HBV-related disease and higher prevalence
of Child’s class C in the Egyptian group these variations
in fact indicated a lower rather than a higher AFP sen-
- sitivity in Egyptian HCC patients compared with Japa-
nese.?*? This was also supported by our findings using
multivariate analysis that the only independent factors
that increased AFP validity in this study were Egyptian
ethnicity, older age and cirrhosis. This limits the possi-
bility that the existing background difference between
the two groups had biased our finding of higher AFP
sensitivity in the Egyptians and strongly suggests that
Egyptian ethnicity was independently associated with
higher AFP sensitivity compared with Japanese ethnic-
ity. However, we recommend further study of the racial
difference between Egyptians and Japanese with regard
to risk factors, morbidity and survival rate of HCC, a
difference that could also have affected the validity of
the variation in tumor markers in our study.

We also reported a significantly higher PIVKA-II sen-
sitivity in the Egyptian patients compared with the Jap-
anese patients which also suggests the need for further
study, as PIVKA-II has been proposed as a sensitive
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marker for early diagnosis of HCC in Asian popula-
tions,™ although its significance in other races and spe-
cially Africans has still to be investigated. In addition,
we found a higher PIVKA-II sensitivity in larger sized
tumors in Egyptian and Japanese patients while no dif-
ference was found for AFP, a finding that might denote
a difference in tumor behavior in the AFP and PIVKA-
II mechanisms of secretion.

Finally we can conclude that there is an ethnic varia-
tion in AFP validity and this justifies our recommenda-
tion that the AFP cut-off point be reset in screening
programs for HCC according to differences in ethnicity
among different groups. Alpha-fetoprotein should not
be the only marker to be used for screening HCC among
Japanese and younger age groups (<50 years) with
chronic liver disease.
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