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The hepatitis C virus (HCV) alternate reading frame protein or F protein of the HCV 1b genotype is a
double-frameshift product of the HCV core protein. In order to assess the presence of antibodies specific for F
protein and their clinical relevance in sera from HCV patients, we produced recombinant F protein and core protein
of the HCV 1b genotype in Escherichia coli. An enzyme-linked immunosorbent assay was developed using purified
recombinant HCV core, F protein, and a 99-residue synthetic F peptide (F99). The seroprevalences of anticore,
anti-F protein, and anti-F99 synthetic peptide were 95%, 68%, and 36%, respectively, in 168 HCV patients. The
prevalence of anti-F antibodies did not correlate with viral load, genotype, or alanine aminotransferase level.
Interferon combination therapy induced a decline in the level of anti-F antibodies in 55 responders (P < 0.01).
Thirteen responders (24%) lost their anti-F recombinant protein antibodies, and 17 (31%) lost their anti-F synthetic
peptide antibodies, whereas no decrease was observed for the 17 nonresponders. These changes were significant
between responders and nonresponders (P < 0.05). Meanwhile, no change was found in the anticore antibody titer
of the 72 treated patients. The percentage of anti-F-protein-negative patients (15/15 [100%]) who achieved a
sustained virological response (SVR) was higher than that of the anti-F-positive patients (70%) (P < 0.05). Based
on these findings, HCV F protein elicits a specific antibody response other than the anticore protein response. Our
data also suggest that the presence and level of anti-F antibody responses might be influenced by the treatment
(interferon plus ribavirin) and associated with an SVR in Chinese hepatitis C patients.

An estimated 170 million people are infected with hepatitis
C virus (HCV) worldwide. In developed countries, HCV in-
fection accounts for 40% of end-stage cirrhosis and 60% of
hepatocellular carcinomas and has become the leading cause
of liver transplantations (21). The HCV genome is a positive-
sense RNA approximately 9,600 bases long, and HCV is re-
lated to viruses of the Flaviviridae family. Genomic HCV RNA
has a central, protein-coding domain that is flanked by non-
translated regions. The protein-coding domain has a large
open reading frame (ORF) that encodes the classical HCV
proteins: core, E1, E2, p7, NS2, NS3, NS4a, NS4b, NS5a, and
NS5b (8, 20). Interestingly, recent reports indicate that the
HCV genome contains an overlapping �1 reading frame en-
coding alternative core antigens (3, 6, 22, 24, 25), which has
been called an alternate reading frame protein (ARFP) or F
protein. The double-frameshift protein (DF) of HCV genotype
1b is composed of 42 amino acids of the core protein linked to
101 amino acids encoded in the ARF, followed by the C ter-
minus of the core protein. For HCV genotype 1a-derived
ARFP, the frameshifting appears to take place at or near
codon 11 (24, 25), and the protein ends at codon 161. Although
the shift junction and the length of the proteins are different,
both genotype 1a and 1b ARFP contain a common central

frameshifted domain of 101 residues starting at codon 43 and
ending at codon 144.

Several studies using either synthetic peptides belonging to
the F-protein ORF (F-ORF) (24), glutathione S-transferase
recombinant F-ORF (22), His-tagged recombinant F protein
(15), or in vitro-translated F protein (25) have reported the
presence of anti-F protein antibodies in some HCV-positive
sera. Bain et al. and Cohen et al. (1, 9) reported that no
correlation was found between the presence of anti-F antibod-
ies and viremia or therapy outcome. However, the potential
role of ARFP in the development of chronicity and virus-
associated pathogenesis remains an unanswered question.

MATERIALS AND METHODS

Patients. All subjects were enrolled from the Department of Infectious Dis-
eases of Ruijin Hospital affiliated with the Medical School of Shanghai Jiaotong
University, Shanghai, China, from 2002 to 2007. Informed consent was obtained
from each subject before inclusion in the study, and this study was approved by
the hospital’s ethics committee. Serum samples from 168 untreated HCV pa-
tients were collected and used to investigate the prevalence of specific anti-F
protein antibodies in correlation with clinical parameters. The diagnosis of
chronic hepatitis was based on internationally accepted criteria (2). The serum
samples were centrifuged and stored at �70°C prior to use. The clinical char-
acteristics of the patients are shown in Table 1. In order to investigate the
influence of anti-F to antiviral treatment, 72 patients treated with combination
therapy with pegylated alpha interferon (IFN) 2a (180 �g weekly) plus ribavirin
(900 mg ribavirin daily) for 48 weeks were enrolled in this study. All sera were
analyzed for anti-F and anticore antibodies before and 6 months after the end of
antiviral therapy. Responders were defined as patients who had cleared viremia
and sustained viremia for at least 6 months after the end of therapy, while
nonresponders were defined as patients who had not cleared viremia at the end
of therapy or relapse.
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In addition, five consecutive blood samples from representative patients were
investigated before and during the end of treatment and 6 months after the end
of therapy. Serum samples from 40 blood donors and 40 HBV-infected patients
were used as negative controls.

HCV RNA quantitation and HCV genotyping. HCV RNA was quantified in
serum samples by real-time PCR after reverse transcription of the 5� noncoding
region of the HCV genome (PJ Co. Ltd., China). The sensitivity of the assay was
1,000 RNA copies/ml.

The HCV genotypes were determined using a commercial kit (Realchip Bio-
technology Co. Ltd., China) according to the manufacturer’s recommendations.
The assay allows the identification of the following HCV genotypes: 1a, 1b, 2a,
3a, 3b, and 6.

Construction of core protein and F-protein expression vectors. Both recom-
binant HCV core (amino acids 1 to 169)- and F-protein-coding sequence were
derived from the cDNA sequence encoding HCV core protein, which was ob-
tained by PCR amplification using a serum sample of a genotype 1b HCV-
infected patient. Briefly, for the core protein construct, a 507-bp fragment from
nucleotide 342 to 848 corresponding to amino acids 1 to 169 of the HCV core
protein was amplified by PCR. For the F-protein construct, the cDNA fragment
from nucleotide 465 to nucleotide 768 of the HCV F-protein-coding sequence
was achieved by the �1/�1 frameshifting artificially introduced at codon 43 and
codon 144 of the core protein-coding sequence. DNA fragments covering the
complete ARFP sequence corresponding to amino acids 1 to 191 were amplified
and ligated by PCR. The resulting HCV F and HCV core cDNAs were cloned
into the pET-28a (�) expression vector downstream of the six-His tag. The

constructs were transformed into competent Escherichia coli DH5 bacteria (In-
vitrogen), and the purified plasmid DNA was verified by DNA sequencing.

Expression and identification of the recombinant proteins. The recombinant
proteins were expressed in E. coli with 1 mM isopropyl-�-D-thiogalactopyrano-
side (IPTG) (Gibco/BRL) for F protein and 0.5 mM IPTG for core protein.
Pelleted bacteria were suspended in a solution containing 10 mM �-mercapto-
ethanol, 0.1% dodecylmaltoside, and anti-protease phenylmethylsulfonyl fluo-
ride (catalog no. P7627; Sigma), then homogenized by sonication, and centri-
fuged. Inclusion bodies were treated with either 6 M hydrochloride guanidine for
F protein or with 6 M urea for core protein. Soluble fractions were loaded over
a Ni-nitrilotriacetic acid-agarose column (Qiagen). After the column was
washed, the six-His-tagged proteins were eluted from the column either by
running 250 mM imidazole through the column for F protein or by decreasing
the pH for the core protein. The concentration of the purified recombinant
proteins was determined to be 92% following scanning of the Coomassie brilliant
blue-stained gel (Fig. 1a) and quantitation by Quantity One software (Bio-Rad),
with a protein concentration of the recombinant F protein of 0.92 mg/ml and a
protein concentration of the core protein of 0.80 mg/ml, as determined by the
Bradford method (5).

The recombinant F and core proteins were subjected to 14% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and Western blotting. The polyvinyli-
dene difluoride membranes (Millipore) were blocked with and incubated with
three distinct antibodies, anti-His monoclonal antibody (MAb) (Qiagen), anti-
core MAb, and anti-F MAb (CNRS, France). After several washes, the mem-
branes were incubated with peroxidase-conjugated secondary goat anti-mouse
immunoglobulin G (IgG) (Bio-Rad) and enhanced chemiluminescence solution
(Amersham, Germany). As shown in Fig. 1b, the anticore antibody reacted with
both the core and F proteins. It also revealed the typical dimerization of the core
protein. In contrast, the anti-F MAb reacted only with the F protein (Fig. 1c),
demonstrating the distinct antigenicity of the F protein compared to the core
protein.

F synthetic peptide. A synthetic 99-residue peptide encompassing amino acids
43 to 144 located at �1 core reading frame protein-coding sequence was syn-
thesized by Gelson Chemical. The full sequence of the synthetic 99-residue
peptide named F99 is as follows: GWVCARLGRLPSGRNLVEGDNLSPRLA
VPRAGPGRSPGTLGPSMAMRAWGGQDGSCHPEAPGLVGAPQTPGVG
RVIWVRSSIPSHAASPISWGTFRLSA.

ELISA for the detection of anti-F antibodies. For the enzyme-linked immu-
nosorbent assay (ELISA), the wells on microplates were coated overnight with
either 100 �l of HCV core protein (0.2 �g/ml), HCV F protein (0.4 �g/ml), or the
synthetic F peptide (4 �g/ml) in 50 mM sodium carbonate buffer, pH 9.6. After
the wells were blocked and washed, 100 �l of diluted serum (1:200) was added
in duplicate wells for the F-protein- or core protein-coated wells, and a 1:100
dilution was used for the F-peptide-coated wells. Following incubation at 37°C,
the plates were washed and further incubated with 100 �l of peroxidase-conju-
gated affinity-purified goat anti-human IgG whole antibody (Merck KGaA, Ger-
many) diluted 1:10,000. After the plates were washed, the substrate reaction was
developed by adding tetramethyl benzidine buffer and stopped after 10 min by
adding 1.8 M H2SO4. The absorbance was read at 450 nm in a microplate reader.
For each experiment, the cutoff was determined as the mean plus 3 standard
deviations of the results from three blood donor sera plus 0.1. A serum sample
was considered positive when the absorbance was equal or superior to the cutoff
(1, 15).

Statistical analysis. Mean quantitative values were compared by Student’s t
test if the variances between two groups were equal or by the Cochran and Cox

TABLE 1. Clinical characteristics of 168 HCV-infected patients

Characteristica Value

Mean age (yr) (range).......................43 (6–76)

Sex
No. of females ................................68
No. of males ...................................100

No. of patients with the
following HCV genotype:

1b......................................................104
1a......................................................1
2a......................................................16
3a......................................................11
3b......................................................5
6........................................................1
ND ...................................................30

Mean ALT (IU/ml) (range) .............111 (16–949)
No. of patients with ND ALT..........17

Mean HCV load (copies/ml)
(range) .........................................4.93 � 106 (2.3 � 104–2.20 � 108)

No. of patients with ND HCV
RNA ............................................8

a ND, not documented; ALT, alanine aminotransferase.

FIG. 1. Expression and identification of the HCV F protein and core recombinant proteins. (a) Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) analysis of the purified F and core recombinant proteins expressed in E. coli. The positions of molecular mass
markers (in kilodaltons) are indicated to the left of the gel. (b and c) Western blot analysis of the recombinant F and core proteins reacted with
anticore antibody (b) and anti-F antibody (c).
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t test if the variances were unequal. Differences in proportion were tested by the
chi-square test or Fisher’s exact test if needed. Odds ratio and 95% confidence
intervals were calculated along with Fisher’s exact P values, where appropriate.
All calculations were performed with SPSS software (SPSS Inc., Chicago, IL).

RESULTS

Prevalence of specific anti-F antibodies in HCV-infected
patients. To detect anti-F antibodies in sera from HCV pa-
tients, we developed an ELISA, using the core protein, the
full-length F protein, and a synthetic F peptide corresponding
to the frameshifted sequence of the core protein but having no
sequence identity with the core protein. Interestingly, 95% of
the patients were positive for anticore antibodies, while 68%
were positive for anti-F recombinant protein antibodies and
36% were positive for anti-F99 synthetic peptide antibodies. In
contrast, serum samples from 40 HBV-infected patients or 40
healthy controls were all negative. The seroprevalence of an-
ti-F protein, anticore, and anti-F99 synthetic peptide antibod-
ies in patients with different HCV genotypes was shown in
Table 2.

Correlation between the anti-F antibodies and HCV geno-
types and other clinical parameters. Analysis of the anti-F
response (optical density [OD] value) revealed that the re-
sponse did not correlate with HCV genotype 1b and non-1b
genotype (P � 0.197 by the t test). With the correlation anal-
ysis, the presence and titer of anti-F recombinant protein an-
tibodies did not correlate with the HCV RNA level in 168
untreated HCV patients (P � 0.955, r � 0.00003) or with the
alanine aminotransferase level (P � 0.172, r � 0.136) (data not
shown).

Changes in anti-F antibody titer before and after antiviral
therapy. For 72 patients, we compared the titer of anti-F an-
tibodies before and after IFN treatment. As shown in Fig. 2 a1
and a2, the titer of anti-F recombinant protein antibodies de-
creased during antiviral therapy in responders, which was sta-
tistically significant using the t test (P � 0.0002), whereas it was
borderline significant (P � 0.049) in nonresponders. Thirteen
(24%) out of 55 responders and none of 17 (0%) nonre-
sponders lost their anti-F recombinant protein antibodies. In

addition, the variation of the anti-F recombinant protein anti-
body titer between responders and nonresponders was statis-
tically significant as shown by the unpaired t test (P � 0.041
[Fig. 2a3]).

As shown in Fig. 2b1 and b2, the titer of anti-F99 synthetic
peptide antibodies declined in patients who responded to IFN,
which was statistically significant using the t test (P � 0.009),
whereas it was not significant (P � 0.674) in nonresponders.
Similarly, 17 (31%) out of 55 responders and none of 17 (0%)
nonresponders lost their anti-F99 synthetic peptide antibodies.
In addition, the variation of the anti-F99 synthetic peptide
antibody titer between responders and nonresponders was also
statistically significant as shown by the unpaired t test (P �
0.042 [Fig. 2b3]).

In contrast, no loss of anticore antibodies was observed. As
shown in Fig. 2c1 and c2, the anticore antibody titer was stable
or even increased in patients undergoing IFN treatment for
both responders (P � 0.005) and nonresponders (P � 0.279).
In addition, the variation in the anticore antibody titer between
responders and nonresponders was not considered statistically
significant by the unpaired t test (P � 0.381 [Fig. 2c3]).

Among 48 chronic hepatitis C patients of genotype 1b from
a total number of 72, it is worth noting that 12 (34%) and 15
(43%) out of 35 responders lost their anti-F-protein antibodies
and their anti-F synthetic peptide antibodies after treatment,
respectively, whereas none of the 13 genotype 1b nonre-
sponders became negative for anti-F antibodies and anti-F
synthetic peptide antibodies (P � 0.01).

Overall, these results provide evidence that IFN treatment
affects the titer of anti-F antibodies during antiviral therapy in
HCV-infected patients.

Correlation between the presence of anti-F antibodies and
SVR. Seventy-two HCV-infected patients receiving antiviral
therapy were evaluated for the presence of anti-F recombinant
protein antibodies. Forty of the 57 anti-F-positive patients and
all 15 anti-F-negative patients achieved a sustained virological
response (SVR). The difference in the values for the anti-F
positive (70%) and the anti-F negative patients (100%) was
considered statistically significant by the 	2 test (P � 0.016).

Although the percentage of anti-F synthetic peptide anti-
body-negative patients (30/36 [83%]) who achieved an SVR
was also higher than that of antibody-positive patients (25/36
[69%]), the difference was not statistically significant by the 	2

test (P � 0.268).
In contrast, 55 out of anticore antibody-positive 72 patients

achieved an SVR.
Dynamics of the anti-F antibody titer during antiviral treat-

ment. Among 72 patients, 5 representative patients were in-
vestigated at different time points during their treatment to
observe the dynamic changes in anti-F antibody. As shown in
Fig. 3, titers of anti-F recombinant protein or synthetic F pep-
tide antibodies in three nonresponders remained stable, along
with the HCV RNA level (patients 1, 2, and 3). In contrast, the
anti-F recombinant protein or synthetic F peptide antibody
titers of two responders decreased gradually and cleared the
virus from their serum 3 months after the initiation of therapy
(patients 4 and 5). The serum anti-F antibody titers show a
well-defined trend along with HCV RNA level. However, the
anticore antibody titers in these five patients did not change
significantly during the treatment.

TABLE 2. Seroprevalence of anti-F protein, anti-F99 synthetic
peptide, and anticore antibodies in168 HCV-infected

patients by ELISA

HCV-infected patients

Seroprevalence of antibodya to:

F protein Core protein F99 synthetic
peptide

All patients 114/168 (68) 160/168 (95) 61/168 (36)

Patients with the following
HCV genotype:

1b 73/104 (70) 97/104 (93) 44/104 (42)
1a 0/1 (0) 1/1 (100) 0/1 (0)
2a 11/16 (69) 16/16 (100) 5/16 (31)
3a 6/11 (55) 11/11 (100) 4/11 (36)
3b 3/5 (60) 5/5 (100) 1/5 (20)
6 0/1 (0) 0/1 (0) 0/1 (0)
NDb 21/30 (70) 30/30 (100) 7/30 (23)

a Values are the numbers of positive serum or plasma samples/number of
samples tested. The values in parentheses are percentages.

b ND, not documented.
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DISCUSSION

In this study, we have investigated the presence of anti-F
antibodies in sera from chronically HCV-infected patients us-
ing HCV recombinant core protein, F protein, and F99 syn-
thetic peptide. The prevalences for anti-F protein, anti-F99
synthetic peptide, and anticore antibodies were 68%, 36% and
95%, respectively. The seroprevalence of anti-F antibodies
(68%) in our study is compatible with the results reported by
Komurian-Pradel et al. (15), who investigated specific anti-F
antibodies in 62% of the hepatitis C patients they studied. The
lower prevalence and the weaker anti-F response compared to
the anticore protein response could be due to the unstable
character of the F protein and its localization in the endoplas-
mic reticulum (20), a rare event in the translation of F-ORF
(22).

The specific antigenicity of the HCV F protein compared to
the HCV core protein is demonstrated in the Western blot.
Only F protein, not the core protein, reacted with the anti-F
MAb, despite the fact that the two proteins both possess the
N-terminal and C-terminal domains of the core protein. The
fact that 61 out of 114 (54%) anti-F-protein antibody-positive
sera reacted with the F99 peptide further underlines the spe-

cific antigenicity of the frameshifted domain encompassing
amino acids 43 to 144. However, the weaker reactivity of the
sera with the full-length F protein compared to that of sera
with the core protein could be caused by different antigenicities
of the frameshifted domain and also different folding due to
the presence of the first 42 amino acids in the F protein,
modifying the overall antigenicity of the domain. In our study,
the anti-F antibody titer decreased in HCV patients after treat-
ment with IFN plus ribavirin, while the anticore antibody titer
did not change significantly in these patients. These results also
confirm that in chronically infected HCV patients, F protein
elicits a specific antibody response distinct from the anticore
protein response.

It has been shown that total HCV core antigen levels cor-
relate with HCV RNA concentrations. The levels of total HCV
core antigen in serum decreased and directly reflect the trends
in HCV RNA levels in patients undergoing treatment, and
total HCV core antigen levels were significantly higher in pa-
tients who did not achieve an SVR (4, 7, 11, 14, 17, 19, 23). In
our study, 13 patients (24%) out of 55 responders lost their
anti-F antibodies after interferon treatment, whereas none of
the 17 (0%) nonresponders became anti-F negative. The re-

FIG. 2. Changes in the anti-F recombinant protein antibodies, anti-F99 synthetic peptide antibodies, and anticore antibodies before and after
antiviral therapy in 72 HCV patients. (a) Comparison of the anti-F recombinant protein antibodies before and 6 months after treatment in
responders (IFN-R) (a1) (n � 55, P � 0.0002) and nonresponders (IFN-NR) (a2) (n � 17, P � 0.015). (a3) Change in anti-F recombinant protein
antibody levels between responders and nonresponders (P � 0.041). (b) Comparison of the anti-F99 synthetic peptide antibodies before and after
interferon treatment in responders (b1) (n � 55, P � 0.009) and nonresponders (b2) (n � 17, P � 0.674). (b3) Change in anti-F99 synthetic peptide
antibody levels between responders and nonresponders (P � 0.042). (c) Comparison of the anticore antibodies before and after interferon
treatment in responders (c1) (n � 55, P � 0.005) and nonresponders (c2) (n � 17, P � 0.471). (c3) Change in anticore antibody levels between
responders and nonresponders (P � 0.381). All comparisons were performed by using the t test. In panels a3, b3, and c3, each dot indicates the
variation of antibody titers in 6 months after treatment (S/co [OD value]) minus the titer before treatment in each patient.
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sults obtained in the present study indicate that the variation of
anti-F antibodies before and after treatment gave similar re-
sults as HCV total core antigen testing did.

The recombinant F protein used in the ELISA comprises 42
N-terminal amino acids of the core protein linked to 101 amino
acids of the �1 reading frame and 47 C-terminal amino acids
of the core protein. In order to avoid cross-immunoreactivity
of HCV recombinant core and F protein, measurements of
anti-F99 synthetic peptide antibodies without unwanted por-
tions of core protein was also performed for 72 patients before
and after combined therapy. In our study, an even higher
number of responders (17 [31%]) lost their anti-F99 peptide
antibodies after IFN treatment. These changes occurred in 48
genotype 1b patients out of 72 patients given antiviral treat-
ment and were significant. Antibodies reactive with recombi-
nant F protein and synthetic F99 peptide were decreased or
even undetectable in 55 responders, whereas no change oc-
curred in 17 nonresponders. These changes between respond-
ers and nonresponders were statistically significant. Our find-
ings indicated that the presence and the level of anti-F
antibody responses may be influenced by treatment with IFN
and ribavirin.

Although the in vivo function of the F protein is not yet
known, experiments by Varaklioti et al. (22) have confirmed

that the ribosomal frameshifting occurs at a high rate when
HCV-1 transcripts are translated in cell extracts. Boulant et al.
(3) have demonstrated that alternative HCV core proteins of
the HCV 1b genotype are expressed in E. coli and that the
frameshift signals can be reproduced both in an in vitro eu-
karyotic translation system and in cells in culture. The standard
treatment of chronic HCV infection by pegylated interferon
plus ribavirin is able to induce an SVR in only 42% of HCV
genotype 1 patients compared to 80% of genotype 2 and 3
patients (10, 12, 16). Our present data showed that all the
anti-F recombinant protein antibody-negative patients but only
40 out of 57 anti-F recombinant protein antibody-positive pa-
tients achieved an SVR. The percentage of anti-F99 synthetic
peptide antibody-negative patients (83%) who achieved an
SVR was higher than that of anti-F99 peptide antibody-posi-
tive patients (69%). These results suggest that patients with
low anti-F activity or no activity are more likely to achieve an
SVR than patients with anti-F antibodies in their sera. The
presence or absence of specific antibodies to F protein may be
an indicator that can predict the efficacy of antiviral treatment
in these patients.

Until now, only two studies have reported a correlation
between the immune response to F protein and the response to
IFN combination therapy. In the study of Cohen et al. (9), 10

FIG. 3. Evolution of antibody titers of five representative patients measured by ELISA (OD values) and HCV RNA level during treatment.
Patients 1, 2, and 3 are nonresponders (IFN-NR), and their anti-F protein antibody titer (patients 1, 2, and 3a) or anti-F99 peptide antibody titer
(patient 3b) remained stable, as did their HCV RNA level. Patients 4 and 5 are responders (IFN-R), and their anti-F protein antibody titer
(patients 4 and 5a) or anti-F99 peptide antibody titer (patient 5b) decreased gradually, as did their HCV RNA level. The anticore antibody levels
did not significantly change in the two responders and three nonresponders during antiviral therapy The red, black, and yellow lines represent
anti-F antibody titer, anticore antibody titer, and HCV RNA level, respectively. Anti-F-protein antibody titers 6 months after treatment (S/co) are
shown on the right-hand y axes.
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of the 27 patients showed biological and virological changes
after treatment but no change in the anti-F antibody profile.
Bain et al. (1) reported that anti-ARFP antibody responses
have no link with viremia or therapy outcome in six patients
during combined IFN and ribavirin therapy. The different geo-
graphical regions, races of the patients, different HCV geno-
types, and sample sizes might be the reasons leading to the
different outcomes of these studies. In our study, the data were
obtained from 72 Chinese Han hepatitis C patients treated
with interferon plus ribavarin with the majority having HCV 1b
genotype (48 out of 72), which is different from the nature of
the sample cohorts used by Bain et al. and Cohen et al. (1, 9).
Previous studies have shown that the geographical distribution
of HCV genotypes may have epidemiological relevance and
clinical implications, such as response to therapy and disease
progression (13). In addition, racial disparities might influence
how HCV infection behaves, causing differences in the preva-
lence of HCV infection, clinical presentation, treatment re-
sponse, and immunological recognition of HCV (18). It is
deduced that these factors might have some impact on the
characteristics of HCV anti-F antibody activity. Studies on
different populations infected with different genotypes and a
better understanding on how and why a patient generates an
antibody response against HCV F protein might be required in
vivo.

In summary, a specific antibody response to the alternative
reading frame protein distinct from the HCV core protein
might be associated with an sustained virological response in
genotype 1b chronic hepatitis C patients. These data imply that
the detection of anti-F antibodies might be an alternative as-
sessment of the therapeutic response in HCV-infected pa-
tients. However, the prevalence of these antibodies is quite low
in comparison to core antibodies. Therefore, the usage of this
indicator for assessment of the therapeutic response in HCV-
infected patients will be useful only in those cases that develop
an antibody response against F protein. The mechanism of the
relationship between antiviral therapy and expression of HCV
F protein in vivo needs to be further investigated.
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