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Fig. 4. Down-regulation of cell surface expressions of GLUT2 and GLUT1 by HCYV replication. (A) SGR, FGR, the HCV-negative control cells were
stained with specific antibodies, followed by FITC-conjugated second antibody (GLUT?, red line; GLUTI, green line) or stained with FITC-conjugated
antibody alone (black line). Transferrin receptor (TfR) served as a control (blue linc). In parallel, cells were treated with IFN (1600 IU/ini) for 10 days to
eliminate HCV replication before being subjected to flow cytometry. (B) HCV-infected cells and the uninfected control were analyzed by flow cytometry
as in (A). In parallel, cells at 5 days after infection were treated with IFN (1000 IU/m) for 10 days to eliminate HCYV replication before being subjected to
flow cytometry analysis.
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Fig. 4 (continued)

than in SGR cells. On the other hand, GLUT! mRNA
levels were not affected by HCV RNA replication (SGR
and FGR) or HCYV infection (Fig. 6B).

We also confirmed that GLUT2 mRNA expression
levels in SGR, FGR and HCV-infected cells were
restored by IFN treatment (Fig. 6A).

3.6. Suppression of GLUT2 promoter activity by HCV
replication

Next, we performed luciferase reporter assay to
examine the possible effect of HCV replication on
GLUT?2 promoter activities. The result obtained demon-
strated that GLUT2 promoter activities were signifi-
cantly suppressed in SGR, FGR and HCV-infected
cells, compared to the control cells (Fig. 6C). Further-
more, GLUT2 promoter activities in SGR, FGR and
HCV-infected cells were restored by IFN treatment. It

is thus likely that HCV replication suppresses GLUT2
promoter activity, thereby decreasing GLUT2 mRNA
levels.

3.7. Ectopically expressed GLUTI or GLUT2 mediates
increased glucose uptake in SGR, FGR and HCV-infected
cells

We examined the possible effects of ectopically
expressed GLUT1 and GLUT2 on glucose uptake in
SGR, FGR and HCV-infected cells. Glucose uptake
was significantly increased by ectopically expressed
GLUT!1 or GLUT2 in SGR, FGR and HCV-infected
cells as well as in the control Huh-7.5 cells (Fig. 6D).
It should be noted that, in this series of transient trans-
fection experiments, only ca. 20% of the cells were ectop-
ically overexpressing GLUT! or GLUT2. These results
collectively suggest the possibility that down-regulation
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Fig. 5. Effects of lactacystin freatment on cell surface expression of GLUT2, GLUT1 and transferrin receptor (TfR). Cells were treated with lactacystin
(10 pM) overnight to inhibit proteasomal degradation, and analyzed by flow cytometry. Cells treated with Iactacystin are shown in red line and those left
untreated in blue line. The negative controls stained with FITC-conjugated antibody alone are shown in black line.

of GLUT! and GLUT?2 expression is primarily involved
in the decreased glucose uptake in SGR, FGR and
HCV-infected cells.

3.8. Decreased GLUT?2 expression in hepatocytes
obtained from HCV-infected patients

GLUT?2 is the principal glucose transporter expressed
in hepatocytes in vivo. As shown in Fig. 7B, practically
all hepatocytes obtained from patients without HCV
infection showed positive staining for GLUT2, which
was most evidently observed near the plasma mem-
brane. On the other hand, hepatocytes obtained from
HCV-infected patients showed markedly reduced
GLUT?2 staining in most, if not the entire, areas of the
section, compared with the uninfected control
(Fig. 7D). This heterogeneous staining pattern might
reflect concomitant presence of areas comprising either
virus-infected or uninfected hepatocytes in a tissue sam-
ple. Whereas all the sections obtained from 8 patients
without HCV infection showed evenly positive staining
for GLUT?2, sections from 8 (89%) of 9 HCV-infected
patients showed moderately to markedly reduced
GLUT? staining (Table 2). Reduced GLUT?2 staining
was observed also with hepatocytes in the liver tissues
obtained from HBV-infected patients. However, the
areas of reduced GLUT2 staining appeared to be more
restricted in sections obtained from HBV-infected
patients than in those from HCV-infected ones.

4. Discussion

HCYV infection is known as an initiation and precipi-
tating factor of type 2 diabetes [7-10,26,27]. Progression
of liver fibrosis induced by persistent viral infection may
induce diabetes [28]. Furthermore, it has been reported
that the prevalence of diabetes is higher among patients
with HCV-associated liver cirrhosis than in those with
HBV-associated cirrhosis [7]. It is likely, therefore, that
HCV infection itself is a risk factor of diabetes. Previous
reports suggest that HCV infection directly causes insu-
lin resistance that would cause the progression of diabe-
tes [29-31]. However, the underlying mechanism(s) is
not yet completely elucidated. In this study, we analyzed
the effect of HCV infection on cellular glucose uptake
and expression of glucose transporters.

We observed that glucose uptake was suppressed in
cells harboring HCV RNA replicons (SGR and FGR)
and those infected with HCV than in the control cells
(Fig. 3). It has been reported that glucose disposal
in vivo occurs through both insulin-dependent and insu-
lin-independent mechanism [32]. We observed that treat-
ment of SGR, FGR and the control Huh-7.5 cells with
insulin (107*M to 107° M) increased glucose uptake
by only about 50% from their basal levels (data not
shown). Nevertheless, decreased glucose uptake by
HCV-infected hepatocytes is a potential cause of hyper-
glycemia as the liver is a big organ accounting for 2% of
the total body weight.
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Fig. 7. Down-regulation of GLUT2 expression in HCV-infected human
liver tissues in vivo. Normal human adult liver tissues (A and B) and
HCV-infected, non-cancerous liver tissues (C and D) were fixed with
formalin, sectioned and stained with normal rabbit IgG (A and C) or
polyclonal anti-GLUT2 antibody (B and D), Scale bar = 100 pm.

Any proliferating cell requires energy sources, includ-
ing glucose, and GLUTs play an important role in ghu-
cose uptake into the cell. In the liver, GLUT2 is the
predominant glucose transporter, which regulates glu-
cose metabolism by mediating a bidirectional transport,
both entry and exit, of glucose into and from hepato-
cytes [13]. GLUT], on the other hand, is known to be

Table 2
Reduction of GLUT2 expression in hepatocytes of HCV-infected and
HBV-infected human liver tissues.

Liver tissues Sample No. Reduction of GLUT2 expression
Uninfected 1 —*
2 _
3 -
4 _
5 -
6 _
7 _
8 -
HCV-infected 9 14+ (Focal)*
10 1+ (Focal)
11 3+ (Diffuse)
12 3+ (Diffuse)
13 3+ (Diffuse)
14 3+ (Focal)
15 -
16 2+ (Focal)
17 3+ (Diffuse)
HBV-infected 18 -
19 3+ (Diffuse)
20 1+ (Focal)
21 -
22 2+ (Focal)
23 1+ (Focal)
24 2+ (Focal)

* . no reduction; 1+, weak reduction; 2+, moderate reduction; 3+,
strong reduction.

2 Parentheses indicate either focal or diffuse appearance of the areas
with reduced GLUT?2 expression in each liver tissue sample.

expressed in malignant cells including hepatocellular
carcinoma {12,13] and a wide variety of cultured cells.
In the present study we found that cell surface expres-
sion of GLUT2 and GLUT1 was markedly suppressed
in SGR, FGR and HCV-infected cells compared to
the control (Fig. 4A and B).

GLUT?2 expression is regulated at the transcriptional
level, at least partly, by glucose [33]. It has been reported
that hyperglycemia increases the GLUT2 mRNA and
protein expression in an in vivo study {34]. Our present
study demonstrated that GLUT2 mRNA expression
was significantly suppressed in SGR, FGR and HCV-
infected cells compared to the control (Fig. 6A). Consis-
tent with this result, GLUT2 promoter activities, as
measured by luciferase reporter assay, were suppressed
in SGR, FGR and HCV-infected cells (Fig. 6C). In this
connection, it was reported that GLUT2 promoter
activities were up-regulated by sterol response element-
binding protein (SREBP)-1c [35,36]. We confirmed in
our study that GLUT2 promoter activities were up-reg-
ulated by over-expression of human SREBP-lc, and
that the SREBP-1c-mediated GLUT?2 promoter activi-
ties were suppressed significantly in SGR, FGR and
HCV-infected cells (data not shown).

Unlike GLUT2 mRNA, GLUT! mRNA was not
suppressed by HCV RNA replication or HCV infection
(Fig. 6B). Nevertheless, cell surface expression of
GLUT! was markedly down-regulated in SGR and
FGR cells (Fig. 4A). As GLUT1 surface expression
was not restored by treatment with lactacystin, a potent
proteasome inhibitor (Fig. 5), it was unlikely that HCV-
mediated suppression of GLUT1 surface expression was
mediated through increased degradation by the ubiqui-
tin-proteasome system. We assume that intracellular
trafficking of GLUT1 (and possibly GLUT?2 as well) is
impaired by HCV RNA replication although we could
not precisely prove it due mainly to the lack of an appro-
priate antibody that enables us to monitor GLUT1 traf-
ficking. Further study is needed to elucidate the issue.

By means of immunohistochemical analysis, we con-
firmed that GLUT2 was strongly expressed in hepato-
cytes of the liver tissues obtained from all of 8
individuals without HCV infection (Fig. 7B and Table
2). More importantly, we demonstrated that GLUT2
expression was significantly down-regulated in hepato-
cytes obtained from 8 of 9 HCV-infected patients
(Fig. 7D and Table 2). Interestingly, the areas where
GLUT2 down-regulation was observed appeared to be
scattered across the liver tissue sections. This may reflect
the general observation that a group of hepatocytes in
limited areas of the hepatic lobules, but not all the hepa-
tocytes, are infected with HCV in vivo. By means of real-
time quantitative PCR analysis, we found a tendency
that levels of GLUT2 mRNA expression in liver tissues
obtained from HCV-infected patients were lower than
that obtained from uninfected controls although the dif-
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ference was not statistically significant (data not shown).
As stated above, not all the hepatocytes in the liver were
infected with HCV and, therefore, the possible reduction
of GLUT2 mRNA expression in HCV-infected hepato-
cytes might have been masked by the normal levels of
expression in uninfected hepatocytes concomitantly
present in the same tissue samples.

It should also be noted that GLUT?2 staining was also
reduced in hepatocytes obtained from HBV-infected
patients, though to a lesser extent than that from
HCV-infected ones (Table 2). We assume that inflam-
matory responses in the liver may trigger some intracel-
lular event that leads to decreased GLUT?2 expression in
hepatocytes in vivo.

In conclusion, we have demonstrated for the first time
that HCV replication inhibits cellular glucose uptake
through down-regulation of cell surface expression of
GLUT2 and possibly GLUT]I. It is conceivable that
the decreased glucose uptake by hepatocytes causes
impaired glucose metabolism, leading eventually to the
initiation and progression of diabetes mellitus during a
prolonged period of HCV persistence.
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sumMMarY. The government of Japan started a selec-
tive vaccination programme to prevent mother-to-infant
infection by hepatitis B virus (HBV) since January 1986.
The effect of the programme on first-time blood donors
has not been examined in detail. Data of first-time
blood donors aged 16—25 years from 1996 to 2007 were
extracted from the Japanese Red Cross (JRC) donors’
database. Principal component analysis (PCA) was used
to visualize the birth-year-dependent group of rate of
HBV-positive donors. According to the birth of year,
donors were divided into four groups by PCA. After the
start of the programme, donors born in 1986-1989 com-
prised a single group. Before the start of the programme,
three groups (1980, 1981-1984 and 1985) were identi-
fied. Although a significant time-dependent decrease in
the rate of HBV-positive donors was observed before the

start of the programme, a significant difference in the
rate of HBV-positive donors was observed around the
start of the programme by regression analysis for 16~-19-
year-old first-time blood donors. The selective vacci-
nation programme has been effective to prevent the
vertical transmission of HBV from the analysis of first-
time blood donors. On the other hand, vaccination of
blood donors should be considered to reduce the risk of
post-transfusion HBV infection, because the horizontal
transmission increases in HBV-positive blood donors.

Key words: first-time blood donors, HBV selective vac-
cination, principal component analysis, regression anal-
ysis.

South and East Asia including Japan was an epidemic
area of hepatitis B virus (HBV). From the report of
the Japanese Ministry of Health, Labour and Welfare
in 2002, the number of HBV-infected patients was 97
000, and asymptomatic carriers were estimated to be
1-1-1-4 million. It is reported that the estimated num-
ber of HBV carriers was 0-63% and that of hepatitis
C virus (HCV) carriers was 0-49% among Japanese
first-time blood donors in 1995-2000 (Tanaka et al.,
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2004). However, recently, HBV infection rate among
Japanese first-time blood donors has been decreasing
markedly. The recent rate of positive first-time blood
donors for the HBV surface antigen (HBsAg) was
< 0-22%.

Infection routes of HBV were divided into two main
routes, the vertical (mother-to-infant) and horizontal
routes. Most of the vertical infections become chronic
and most of the horizontal infections end transiently.

Since January 1986, the government of Japan started
a nationwide programme to prevent mother-to-infant
infection by HBV (Shiraki, 1994; Shiraki er al., 1996;
Inui et al., 2007). Every pregnant woman has been
screened for seram HBsAg and the HBV e antigen
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(HBeAg). Newborn infants whose mothers were posi-
tive for HBeAg were received an immunoprophylaxis
treatment by administrating a hepatitis B vaccine and
hepatitis B immunoglobulin (HBIG)

The Ministry of Health and Welfare issued a noti-
fication on the use of disposable syringes in addition
to disposable needles in 1988. This notification might
contribute to reducing the risk of iatrogenic HBV infec-
tions when babies were administered several mandatory
vaccines. With the implementation of this prevention
programme, transmission of HBV decreased markedly
yearly. On the other hand, horizontal infection with
HBYV genotype A, which seldom appeared in Japan sev-
eral years ago, has increased recently in both patients
and donors (Orito et al., 2001; Murokawa er al., 2005;
Sugauchi et al., 2006; Takeda et al., 2006; Hayashi
et al., 2007).

To investigate the recent epidemiology of HBV
infection and the effectiveness of the Japanese vaccina-
tion programme for the prevention of mother-to-infant
transmission of HBV, the data of HBsAg-positive
Japanese donors aged 16-25 years were used for prin-
cipal component analysis (PCA) and regression analy-
sis.

MATERIALSANDMETHODS

The Japanese government started a nationwide hepatitis
B vaccination programme in January 1986 for infants
born to HBV-carrier mothers to prevent perinatal
infection of HBV (Shiraki, 1994; Shiraki et al., 1996;
Inui et al., 2007). Initially, the Japanese vaccination
programme covered only neonates born to mothers
who were positive for both HBsAg and the HBeAg.
In 1995, the vaccination programme was extended to
all neonates born to mothers who were HBsAg carriers
regardless of the mother’s HBeAg/antibody status.
More than 92% of all the pregnant women in Japan
were enrolled in the programme (Inui et al., 2007).

The number of first-time blood donors and HBsAg-
positive donors aged 16-25 years was extracted from
JRC database from 1996 to 2007. To investigate
the present state of HBV infection, the presence
of the immunoglobulin-M antibody against the HBV
core antigen (IgM-HBcAb) was determined among all
HBsAg-positive donors from October 2006 to Septem-
ber 2007. The Japanese screening system was reported
previously (lizuka et al., 1992; Yugi et al., 2006). The
nucleic acid amplification technology (NAT) system
has been reported elsewhere (Mine et al., 2003). IgM-
HBcAb was tested by enzyme immunoassay (Abbott
Laboratories, IL, USA).
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Statistical analysis

The effect of the Japanese vaccination programme on
the rate of HBsAg-positive donors was examined by
principal component analysis (PCA) and regression
analysis.

The rate of HBsAg-positive 16—18-year-old donors
for every birth of year from 1980 to 1989 was visually
grouped by PCA (Appendix) using the free software R
(http://www.r-project.org/).

The difference in the rate of HBsAg-positive donors
between before and after the implementation of the
vaccination programme was analysed. We assumed
the different slope around 1986 and intended to ver-
ify the assumption by regression analysis using the
following equation

Yn =0y + ﬂnxl + yax2 + SnD + &p, €8

where « is a constant, 8 the coefficient of slope after
1980, y the additional coefficient of slope after 1986,
§ the coefficient (D) that shows the gap of HBsAg-
positive rate around 1986, ¢ the error term that meets
the standard assumption, n the age from 16 to 25 years
old and x;, x; the rate of positive donors of years born
from 1980 to 1991. Regression analysis was carried out
using the Microsoft Office Excel software.

RESULTS

Time-dependent changes in the rate of HBsAg-positive
first-time blood donors of each generation from 1996 to
2007 are shown in Fig. 1. The rate of HBsAg-positive
younger generations was lower than those of older
generations. The rate of HBsAg-positive donors of all
generations decreased yearly from 0-83% in 1996 to
0-22% in 2007 (data not shown).

Present state of numbers of blood donors and num-
bers of HBV-infected blood donors in Japan is shown
in Table 1. From October 2006 to September 2007,
the total number of donors was 4 974 911: the num-
ber of HBsAg-positive donors was 2043 (0-041%),
the number of first-time blood donors was 594 096
and the number of HBsAg-positive first-time blood
donors was 1362 (0-229%). Among 61 IgM-HBcAb-
positive donors, 35 were repeat donors who have been
infected after the last donation. Among 90 HBsAg-
negative and NAT-positive donors, 22 were consid-
ered to have occult HBV infection on the basis of
their being HBsAg-negative, HBV-DNA-positive and
IgG-HBcAb-positive. Then serological window period
donors were 68 among NAT-positive donors.

The rate of HBsAg-positive Japanese donors from 16
to 25 years old was extracted from JRC database from
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Fig. 1. Age-time-dependent rate of
HBsAg-positive first-time blood donors
from 1996 to 2007. Data of donors in
their 60s are omitted because the number
of first-time blood donors in their 60s is

HBsAg positive rate

Table 1. Present state of numbers of blood donors and numbers of HBV-infected blood donors from October 2006 to September
2007 in Japan

Total blood donors First-time blood donors Horizontal infection

Number of  Rate (%) of Number of  Rate (%) of IgM-
HBsAg- HBsAg- HBsAg- HBsAg- HBcAb- NAT-
Number of  positive positive Number of  positive positive positive positive

Age donors donors donors donors donors donors donors donors
16 37717 3 0-008 30 436 3 0.010 0 0

17 53 388 10 0-019 29 277 10 0-034 0 0

18 118 711 31 0-026 66 617 29 0-044 1 0

19 130 391 25 0-019 51 080 20 0-039 2(1)* 2

20 124 224 31 0-025 33 847 27 0-080 4(3) 2

21 120 609 28 0023 25583 22 0-086 32) 4

22 118 215 38 0032 22 806 32 0-140 1) 1

23 118 974 38 0032 20 640 30 0-145 32) 4

24 115 434 37 0-032 17 873 32 0-179 1) 3

25 110 247 38 0034 15 574 30 0-193 2 4
26-29 452 645 172 0038 50 433 130 0-258 6(3) 9
30-39 1375372 499 0-036 112 620 333 0-296 24(19) 25
40-49 1077 348 487 0-045 64 232 286 0-445 9(2) 10
50-59 773 571 484 0-063 44 004 296 0-673 3(1) 15(12)t
60-69 248 065 122 0-049 9074 82 0-904 0 11(10)
Total 4974 911 2043 0-041 594 096 1362 0-229 61(35) 90(22)

*Number of repeated donors are shown in parenthesis.
‘+Number of IgG-HBcAb-positive donors (occult donors) are shown in parenthesis.

1996 to 2007 to investigate the effectiveness of the
Japanese vaccination programme. The rates of HBsAg-
positive first-time blood donors from 16 to 25 years old
who are born from 1980 to 1991 are shown in Table 2.

The bold line between data in 1985 and those in
1986 shows the boundary before and after the imple-
mentation of the Japanese vaccination programme.
The lowest column in Table 2 shows that the rate of
HBsAg-positive 16-year-old donors who were born in

1991, and became acceptable as blood donors for the
first time in 2007, was 0-018%.

To visualize the difference in the rate of HBsAg-
positive donors around the start of the vaccination
programme, PCA was carried out using the data within
the frame of the dotted line in Table 2. From the
result of the PCA of HBsAg-positive 16- to 18-year-
old donors born from 1980 to 1989, the donors can be
divided into four groups (Fig. 2).
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Table 2. Rate of HBsAg-positive first-time blood donors born from 1980 to 1991

Age
Year of
birth 16 17 18 19 20 21 22 23 24 25
1980 0-399 0-390 0-312 0-303 0-245 0-330 0-274 0-243 0-288 0-208
1981 0-313 0-279 0-281 0-285 0-289 0-232 0-326 0-240 0219 0-205
1982 0.223 0-210 0-209 0203 0-186 0-238 0-215 0-190 0-163 0-185
1983 0-142 0-179 0-164 0-144 0-157 0-157 0-096 0-170 0-154

0-130 0-106 0-076 0-139 0-134

1984 v 0-129 0-105 0-117

1985 0-105 0-110 0-086 0-126 0-078 0-070 0-126
1986 0.055 0-035 0-056 0-067 0-061 0-098
1987 0-040 0-044 0-049 0-058 0-071
1988 0-044 0.020 0-038 0-041
1989 0-017 0.024 0-044
1990 0-041 0-036
1991 0-018
Fig. 2. Two-dimensional display of
results of PCA of rate of HBsAg-positive
& first-time blood donors. Calculation was
?i “ 1981 carried out with the free software ‘R’
(http://www.r-project.org/) using data
within the frame of the dotted line in
5 Table 2 (16-, 17- and 18-year-old donors
e 1982 born from 1980 to 1989). PCA is a
statistical method to compress the
1989 O multi-dimensional space of data into
° . 1984 !;83 small-number- dimensions-space data
= 1986 (Appendix). The relations of data
nj = compressed into two dimensions are easy
1 938 to understand by making a glance of this
® figure. The horizontal and vertical axes of
_ 1987 PC 1 and PC 2 are composed of many
c = types of variables. Therefore, it is difficult
to show them as definite indexes.
However, if we would be forced to
1985 consider the meaning of these axes, we
‘:; o ° 1980 had better regard them as the difficulty of
) o determining infection by age. The group
T ; T T ! in 1986-1989 is obviously different from
-4 0 3 2 3 the other three groups in 1980, 1985 and
PC1 1981-1984.

Donors born after the implementation of the groups; donors born in the transitional period in 1985
vaccination programme from 1986 to 1989 comprised comprised one group, those born during the period of
one group. Donors born before the implementation of decreasing rate of HBsAg-positive donors from 1981
the vaccination programme can be divided into three to 1984 comprised another group and those born during
© 2009 The Authors
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the period of decreasing but rather high rate of HBsAg-
positive donors in 1980 comprised an other single
group.

The statistical significance of changes in decreas-
ing curve and rate of HBsAg-positive donors in
1986 were investigated by regression analysis using
Equation (1) described in Materials and Methods
section

When ‘n’ is 16 years old, Equation (1) can be
written as

yi6 = @16 + B16X1 +Vie¥2 + 816D + 616 (2)

When the birth of year is between 1980 and 1985,
Equation (2) can be rewritten as follows, because
x; = (1980-1991 : 0-399, 0-313, 0-223, 0-142, 0-129,
0-105, 0-055,0-040, 0-044, 0-017, 0-041, 0-018), x; =
(1980-1991:0, 0, 0, 0, 0, 0, 0-055, 0-040, 0-044, 0-017,
0-041, 0-018, because y is the additional coefficient of
slope after 1986), D = (1980-1991: 0,0,0,0,0, 0, 1,
1,1, 1, 1, 1, because § is the coefficient (D) that shows
the gap of HBsAg-positive rate around 1986).

Y16 = a6 + BieX1 + €16 3

When the birth of year is after 1986, Equation (2)
can be rewritten as follows, because after 1986, x; is
equal to xj.

yi6 = (16 + 816) + (B1g + Vig)r2 + €16 (4)

P-values of Big_10. V16-19> O16—19 are shown in
Table 3. All the terms between 16 and 18 are significant
(P < 0-05). That is, the rate of HBsAg-positive donors
decreased significantly yearly after 1980 (B4_;9), and
the trend of decreasing slope before 1985 was signifi-
cantly different from that after 1986 (y,4_;g). The dif-
ference in infectious rate was significant at the border
line between 1985 and 1986 (816-18). These data show
that HBsAg-positive rale has decreased significantly in
donors born from 1980 to 1991 (B6_10 are negative)

Table 3. Data obtained using Equation 0y

regardless of the hepatitis B vaccination programme.
There was a significant decrease in HBsAg-positive
rate in donors born before 1985 and after 1986 (81618
are negative). This drop would result from the effect of
the hepatitis B vaccination programme. The additional
coefficient y,¢_,g is positive means that after the sig-
nificant drop, the decreasing curve of HBsAg-positive
rate became flat, because there might be no room to
decrease by vertical transmission except a few cases
as intrauterine transmissions and inappropriate vacci-
nations. The remaining HBsAg-positive rate might be
caused by horizontal transmission. A significant change
was not observed for 19 years old [asterisk symbol (¥)
in Table 3], because the data of this age group were
considered to be too small to obtain a significant dif-
ference statistically.

DISCUSSION

HBsAg-positive first-time blood donors consist of
both horizontally and vertically infected donors. The
minimum number of HBV-positive first-time blood
donors with consistently horizontal infection from
October 2006 to September 2007 was anticipated to
be 94, on the basis of the sum of the numbers of
HBsAg-negative and NAT-positive (68:90-22), and
IgM-HBcAb-positive (26:61-35) donors, which was
4-4% (94/2133) of the total number of HBsAg-positive
donors (2043) plus 90 HBsAg-negative and NAT-
positive donors. The exact number of horizontally
infected donors was obscure, making it difficult to
determine the effectiveness of the Japanese vaccina-
tion programme for the prevention of mother-to-infant
transmission of HBV. Moreover, the total number of
HBsAg-positive donors was decreasing yearly before
the start of the prevention programme. The number of
HBsAg-positive first-time blood donors in several pre-
fectures was actually too small to treat statistically in
the investigation of the effectiveness of the Japanese

Standard Standard

Coefficient error t-Value P-value Coefficient error t-Value P-value
16 0-429 0-025 17-375 1.2E-07 o7 0-407 0-025 16419 7-6E-07
Bis -0-060 0-006 -9.482 1.3E-05 B -0-056 0-006 ~8.756 5-1E-05
Y16 0-054 0-009 6-038 31E-04 Yi7 0-054 0-011 5-110 1.4E-03
816 -0-336 0-066 -5-098 0-001 817 ~0-359 0-081 —4.454 0-003
o1 0-362 0-009 39-749 1.7E-08 g 0-339 0-022 14-906 2-5E-05
Bis —-0-048 0-002 -20-394 9-0E-07 Bis —-0-040 0-006 -6-890 9.9E-04
Y18 0-043 0-005 8.665 1-3E-04 Y19 0-027 0-018 1-493 0-196*
818 -0-275 0-004 -7-130 0-0004 319 -0-180 0-141 -1.278 0.257*

*¥19 and 839 are not significant (P < 0-05)
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prevention programme (Chiyoda et al., 2006; Uchida
and Tadokoro, 2008). The situation was similar to the
case of HCV. The rate of HCV-positive first-time blood
donors in Japan has declined (data not shown). O’Brien
et al. (2008) reported that they could not determine
why the infection rates of HCV have decreased in
Canada.

If the Japanese prevention programme succeeded
completely, HBV infection would only be caused by
horizontal transmission after 1986, and the trend of
declining slope after 1986 would be different before
1985. However, in spite of the prevention programme,
vertical transmission remained because of intrauterine
transmissions and inappropriate vaccinations or prob-
lems of escape mutants. It was reported that 1.3% of
infants became carriers immediately after birth before
vaccination and another 2-1% became carriers during
or immediately after the third vaccination because these
infants were considered to be poor responders (Shiraki,
1994). Inui et al. (2007) reported that out of 27 patients
who became infected, despite the immunoprophylaxis
trials (selective vaccination and HBIG administra-
tion), 14 were infected by receiving an inappropriate
Japanese vaccination programme, 11 were suspected
to be infected by the intrauterine route and only 1
was infected by routes other than the mother-to-infant
route. Therefore, a constant rate of vertically trans-
mitted HBsAg-positive donors would remain in spite
of universal or selective vaccination during infants.
However, those infants who became infected despite
the vaccination would be notified of the fact by a
health centre or a hospital and should not donate blood
or would be rejected to donate on the basis of their
responses to a questionnaire. The problem might be
the existence of donors infected by paternal or iatro-
genic transmission routes, who were unaware of their
being HBV carriers themselves or their parents. Some
donors who were engaged in risk behaviour might visit
a blood centre to donate and determine whether they
were infected with viruses causing sexually transmitted
diseases. In consideration of these factors, significant
differences in the rate of HBV-positive donors were
observed between before and after 1986.

The progressive decrease in the rate of HBV-positive
donors from 1996, as shown in Fig. 1, might be due
to the policy of the Ministry of Health and Welfare.
To prevent an iatrogenic HBV infection, a vaccination
enforcement regulation ‘to use a disposable needle per
person’ was issued in September 1958 and the use
of disposable syringes was permitted from September
1976. Afterwards, disposable needles and syringes
were disseminated yearly and a memorandum ‘to use
a disposable syringe per person’ was issued from the
Ministry of Health and Welfare in January 1988.

© 2009 The Authors
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According to the recommendation of the World
Health Organization (WHO), many countries have
implemented universal vaccination (World Health
Organization, 1992) except UK (Hane et al., 2004) and
Japan (Shiraki, 1994; Shiraki et al., 1996; Inui et al.,
2007). Although there are many reports about the effec-
tiveness of universal vaccination (Ni et al., 2007; Ger-
vais et al., 2008; Mele et al., 2008), reports about the
comparison between the effectiveness of universal vac-
cination and that of selective vaccination are few. In
Bulgaria, the period of selective vaccination of new-
borns to HBsAg-positive mothers was 1988- 1991,
and that of the universal infant vaccination was there-
after (Hens et al., 2008). Although they estimated the
impact of vaccination using age—time-dependent inci-
dence rates of hepatitis B, they did not show the supe-
riority of universal vaccination to selective vaccination.

From the view points of cost—benefit and side
effects, it should be considered which would be effec-
tive to implement, universal vaccination or selective
vaccination with co-administration of HBIG to use
the healthcare budget effectively. Although the side
effect of HBV vaccine was estimated to be very
low (Mikaeloff et al., 2007), we cannot exclude the risk
completely. Therefore, to continue the current Japanese
strategy (selective vaccination) to control HBV infec-
tion or to implement universal vaccination is still open
to discussion in Japan.

Although vertical transmission of HBV would be
prevented sufficiently by the current selective vacci-
nation, il might be necessary to prevent horizontal
infection. The increase in horizontal HBV infection,
especially HBV genotype A originated from United
States or Western Europe, is apparent (Murokawa
et al., 2005). This might be supported by the find-
ing that the HBV genotype A, which has been rare
in Japan, was predominant among HBV-HIV dually
infected Japanese men who had sex with other men
(MSM). The sequences of genotype A spread by MSM
were highly homologous to those of the strains isolated
in the United States (Koibuchi et al., 2001). In addition
to genotype A, we have recently found genotype H in
a Japanese HBsAg-negative and NAT-positive blood
donor, The sequence of genotype H, which is preva-
lent only in the United States and Central America, was
highly homologous to those of the strains isolated in
Los Angeles (Ohnuma et al., 2005).

HBYV vaccination is not mandatory but recommended
to workers engaged in medical services and to travellers
who go to HBV endemic areas to reduce the horizontal
infection. The implementation of universal vaccination
as discussed above seems to be a solution; however,
there is a problem of a ‘waning-off’ effect (Su et al.,
2008). The other solution is to immunize blood donors,
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which was proposed in place of the implementation
of NAT (Ringwald et al., 2005). The vaccination of
blood donors would reduce the risk of post-transfusion
HBYV infection. Although we do not know the effect
of vaccination on occult HBV infection that is an
important problem in the field of transfusion, it might
also reduce the risk of occult HBV infection. In
addition to reducing the risk, the vaccination of blood
donors might be useful to produce HBIG because of
the lack of HBsAb-positive plasma.
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APPENDIX

Principal component analysis (PCA) involves a
mathematical procedure that transforms a number of
(possibly) correlated variables into a (smaller) num-
ber of uncorrelated variables called principal compo-
nents.

Actually, it functions as eigenvector-based multivari-
ate analyses. The first principal component accounts for
as much of the variability in the data as possible, and
each succeeding component accounts for as much of
the remaining variability as possible.

Accordingly, its operation can be thought of as
revealing the internal structure of the data in a way
which best explains the variance in the data. If a
multivariate dataset is visualized as a set of coor-
dinates in a high-dimensional data space (one axis
per variable), PCA supplies the user with a lower-
dimensional picture, a ‘shadow’ of this object when
viewed from its (in some sense) most informative view-
point.

Therefore, if we apply PCA to the obtained data, we
will be able to observe several groups which will have
the same or similar features. In addition, PCA can show
the result visually, it is rather easy to understand the
grouping intuitively.

Outline of calculation: The correlation matrix is
calculated using the data within the frame of the dotted
line in Table 2.

X6 X1 X8

1 0-9866428 0-9855587
0-9866428 1 0-9843252
0-9855587 0-9843252 1

The maximum eigen value is X = 2.96978028.
Corresponding eigenvector is 0-5762051, 0-8111528
and 0-1000940, respectively. The first component is
shown as follows:

Z = 0-5762051(X ¢ ~ 0-1880000) 4+ 0-8111528
x (X7 — 0-1698782) + 0-1000940(X 13
~ 0-1597273) = 0-5762051X16 + 0-8111528X 4
+0-1000940X 13 — 0-2620628

The component loading of first principal component
(correlation coefficient between original data and prin-
cipal component score) is 0-9929772, 0-9963599 and
0-9955117, respectively.

Incidentally, correlation coefficient is shown as
(eigenvector) x ./(eigen value).

Then the change of Z is calculated according to
10 group of values (1980, 1981,..., 1988, 1989),
principal component score (PC 1) is shown as follows:

3-71767980, 2.29772699, 1-42799966, 0-51159502,
—0:65596423, —0-86558646, —1-47020213,
—1.51833807, —1-65244844, —1-69703017.

This represents the total change as a change of one
series.

Similarly, second eigen value is A; = 0 - 02113356.
Corresponding eigenvector is 0-5781680,

—0-3179823 and ~0-7514047, respectively.

U = 0-5781680(X 16 — 0-1880000) — 0-3179823
x (X7 —0-1698182) — 0-7514047
x (X1g — 0-1597273) = 0-5781680X 46
—0:3179823X 7 — 0-751404 X 15 + 0-0653234

Among the change of X, X17 and X13, (A2 + A2)/3
is shown as 0-9969713 using the values of Z and U.
This means that most information (99-7%) is converged
in first and second principal component.

Such a method of analysis is called component
analysis. Z and U are called first and second principal
components, respectively. Fig. 2 is drawn by plotting
the first principal component in X-axis and the second
principal component in Y-axis,

REFERENCES

Chiyoda, S., Oda, H., Kotani, T., Kusuba, E. & Kusano, T.
(2006) The effect of a nationwide prevention program
for mother-to-infant infection by HBV evaluated by viral
markers in blood donors in Nagasaki prefecture. Japan
Journal of Transfusion Medicine, 52, 52-56.

Gervais, A., Longuet, P. & Leport, C. (2008) A success story:
universal vaccination in Italy-what has to be done to
eradicate residual acute hepatitis B? Clinical Infectious
Diseases, 46, 876-877.

© 2009 The Authors

Journal compilation © 2009 British Blood Transfusion Society, Transfusion Medicine, 19, 172179



Hang, S., Ramsay, M., Balogun, K., Edmunds, W.J. & Mor-
timer, P. (2004) Incidence and routes of transmission of
hepatitis B virus in England and Wales, 1995-2000: impli-
cations for immunization policy. Journal of Clinical Virol-
ogy, 29, 211-220.

Hayashi, K., Katano, Y., Takeda, Y. et al. (2007) Comparison
of hepatitis B virus subgenotypes inpatients with acute
and chronic hepatitis B and absence of lamivudine-resistant
strains in acute hepatitis B in Japan. Journal of Medical
Virology, 79, 366-373.

Hens, N.,  Aerts, M.,  Shkedy, Z., Kung'ukimani, P.,
Kojouhorova, M., Vandamme, P. & Beutels, Ph. (2008)
Estimating the impact of vaccination using age-time-
dependent incidence rates of hepatitis B. Epidemiology and
Infection, 136, 341-351.

Tizuka, H., Ohmura, K., Ishijima, A. et al. (1992) Correla-
tion between anti-HBc titers and HBV DNA in blood
units without detectable HBsAg. Vox Sanguinis, 63,
107-111.

Inui, A., Komatsu, H., Sogo, T., Nagai, T., Abe, K. & Fuji-
sawa, T. (2007) Hepatitis B virus genotypes in children
and adolescents in Japan: before and after immuniza-
tion for the prevention of mother to infant transmission
of hepatitis B virus. Journal of Medical Virology, 79,
670-675.

Koibuchi, T., Hitani, A., Nakamura, T., Nojiri, N, Naka-
jima, K., Jyuji, T. & Iwamoto, A. (2001) Predominance of
genotype A HBV in an HBV-HIV-1 dually positive popula-
tion compared with an HIV-1-negative counterpart in Japan.
Journal of Medical Virology, 64, 435-440,

Mele, A., Tosti, M.E., Mariano, A. et al. (2008) Acute hepati-
tis B 14 years after the implementation of universal vaccina-
tion in Italy: areas of improvement and emerging challenges.
Clinical Infectious Diseases, 46, 868-875.

Mikaeloff, Y., Caridade, G., Assi, S., Tardieu, M. & Suissa, S.
(2007) Hepatitis B vaccine and risk of relapse after a
first childhood episode of CNS inflammatory demyelination.
Brain, 130, 1105-1110.

Mine, H., Emura, H, Miyamoto, M. etal. (2003) High
throughput screening of 16 million serologically negative
blood donors for hepatitis B virus, hepatitis C virus and
human immunodeficiency virus type-1 by nucleic acid
amplification testing with specific and sensitive multiplex
reagent in Japan. Journal of Virological Methods, 112, 145-
151.

Murokawa, H., Yoshikawa, A., Ohnuma, H. et al. (2005) Epi-
demiology of blood donors in Japan, positive for hepatitis
B virus and hepatitis C virus by nucleic acid amplification
testing. Vox Sanguinis, 88, 10-16.

Ni, Y.H., Huang, LM., Chang, MH. etal. (2007) Two
decades of universal hepatitis B vaccination in Taiwan:
impact and implication for future strategies. Gastroenterol-
ogy, 132, 1287-1293.

O’Brien, S.F., Fan, W., Xi, G. et al. (2008) Declining hepatitis
C rates in first-time blood donors: insight from surveil-

© 2009 The Authors

Effectiveness of selective vaccination 179

lance and case—control risk factor studies. Transfusion, 48,
902-909.

Ohnuma, H., Yoshikawa, A., Mizoguchi, H. & Okamoto, H.
(2005) Characterization of genotype H hepatitis B virus
strain identified for the first time from a Japanese blood
donor by nucleic acid amplification test. The Journal of
General Virology, 86, 595-599.

Orito, E., Ichida, T., Sakugawa, H. et al. (2001) Geographic
distribution of hepatitis B virus (HBV) genotype in patients
with chronic HBV infection in Japan. Hepatology, 34, 590-
594.

Ringwald, J., Mertz, 1., Zimmermann, R. et al. (2005) Hepati-
tis B virus vaccination of blood donors—what costs may be
expected? Transfusion Medicine, 15, 83-92,

Shiraki, K. (1994) Vertical transmission of hepatitis B virus and
its prevention in Japan. In: Viral Hepatitis and Liver Disease
(eds Nishioka, K., Suzuki, H., Mishiro, S. & Oda, T.), 530-
532. Spring-Verlag, Tokyo.

Shiraki, K., Nagata, L, lizuka, T. & Kaji, S. (1996) Mother-
to-infant infection by hepatitis B virus and its prevention
in Japan. International Hepatology Communications, 5,
74-78.

Su, F.H., Chen, J.D., Cheng, S.H., Sung, K.Y, Jeng, J.J. &
Chu, F.Y. (2008) Waning-off effect of serum hepatitis B
surface antibody amongst Taiwanese university students:
18 years post-implementation of Taiwan’s national hepatitis
B vaccination programme. Journal of Viral Hepatitis, 15,
14-19.

Sugauchi, F., Orito, E., Ohno, T. etal. (2006) Spatial and
chronological differences in hepatitis B virus genotypes
from patients with acute hepatitis B in Japan. Hepatology
Research, 36, 107-114.

Takeda, Y., Katano, Y., Hayashi, K. ef al. (2006) Difference
of HBV genotype distribution between acute hepatitis and
chronic hepatitis in Japan. Infection, 34, 201-207.

Tanaka, J., Kumagai, J., Katayama, K. eral. (2004) Sex-
and age-specific carriers of hepatitis B and C viruses in
Japan estimated by the prevalence in the 3,485,648 first-
time blood donors during 1995-2000. Intervirology, 47,
32-40.

Uchida, S. & Tadokoro, K. (2008) Positive rate of hepatitis B
surface antigen in 16-year-old first-time blood donors: effec-
tiveness of immunoprophylaxis with hepatitis B vaccine and
immunoglobulin in newborn infants with mothers positive
for hepatitis B e antigen. Japanese Journal of Infectious Dis-
eases, 61, 94,

World Health Organization. (1992) Expanded programme on
immunization global advisory group. Weekly Epidemiologi-
cal Record, 3, 11-16.

Yugi, H., Mizui, M., Tanaka, J. & Yoshizawa, H. (2006) Hep-
atitis B virus (HBV) screening strategy to ensure the
safety of blood for transfusion through a combination of
immunological testing and nucleic acid amplification test-
ing—Japanese experience. Journal of Clinical Virology, 36,
$56-S64.

Journal compilation © 2009 British Blood Transfusion Society, Transfusion Medicine, 19, 172-179



Human papillomavirus infections among Japanese
women: age-related prevalence and type-specific risk

for cervical cancer

Mamiko Onuki,' Koji Matsumoto,™* Toyomi Satoh,! Akinori Oki,' Satoshi Okada,' Takeo Minaguchi,' Hiroyuki Ochi,’
Sari Nakao," Katsumi Someya,? Naoki Yamada,® Hiromi Hamada’ and Hiroyuki Yoshikawa'

Department of Obstetrics and Gynecology, Graduate Schoo! of Comprehensive Human Science, University of Tsukuba, Tsukuba; *Department of Obstetrics and
Gynecology, Ibaraki Seinan Medical Center Hospital, Sashima; 3Department of Obstetrics and Gynecology, Mito Saiseikai General Hospital, Mito, Japan

(Received December 15, 2008/Revised March 5, 2009/Accepted March 8, 2009)

To obtain baseline data for human papillomavirus (HPV) screening
and vaccination in Japan, we analyzed HPV DNA data from 2282
Japanese women (1517 normal cytology, 318 cervical intraepithelial
neoplasia [CIN] grade 1, 307 CIN2-3, and 140 invasive cervical cancer
[IcC]) that visited the University of Tsukuba Hospital or Ibaraki
Seinan Medical Center Hospital for screening or treatment of
cervical diseases between 1999 and 2007. An L1-based PCR method
was used for individual HPV genotyping. The most common HPV
types in ICC were, in order of decreasing prevalence, HPV16
(40.5%), HPV18 (24.4%), HPV52 (8.4%), HPV58 (3.1%), and HPV33
(3.1%). Based on the comparison of HPV type distributions
between normal cytology and CIN2-3 and ICC, estimated risk of
disease progression varied considerably by genotype: HPV16, HPV18,
HPV31, HPV33, HPV35, HPV52, and HPV58 (prevalence ratio, 1.92;
95% confidence interval 1.58-2.34); other oncogenic types (0.31,
95% confidence interval 0.19-0.50); and non-oncogenic types (0.09,
95% confidence interval 0.03-0.43). HPV16 and/or HPV18, including
coinfections with other types, contributed to 67.1% of ICC and
36.2% of CIN2-3 among Japanese women. More importantly, the
overall prevalence of HPV16 and/or HPV18 varied greatly according
to the women’s age: highest in women aged 20-29 years (ICC,
90.0%; CIN2-3, 53.9%), decreasing with age thereafter, and lowest
in women aged 60 years or older (ICC, 56.3%; CIN2-3, 25.0%). In
conclusion, type-specific HPV testing may help identify Japanese
women at high risk of progression to CiN2-3 and cancer. In Japan,
current HPV vaccines are estimated to provide approximately 70%
protection against ICC and may be more useful in reducing the
incidence of cervical cancer and precancer in young women of
reproductive age. (Cancer Sci 2009)

Persistem infection with oncogenic human papillomaviruses
(HPV), most commonly types 16 and 18, leads to cervical
cancer, the second most common cancer in women worldwide.
Therefore, oncogenic HPV testing combined with cytology
was approved for primary screening in the USA, because of
sensitivity and cost-effectiveness.” In addition, HPV vaccines
have been licensed in the USA, Australia, and European and
other countries, because of their efficacy and safety. Clinical
studies of HPV vaccines have demonstrated close to 100%
protection against HPV16- and HPV18-related infections and
diseases,® implying possible cross-protection against HPV45,
HPV31, and HPV52.% Based on evidence from clinical trials,®-”
these two tools targeting HPV (detection assay and vaccine) are
becoming increasingly attractive for cervical cancer prevention
worldwide. In Japan, however, HPV DNA testing is still
unavailable in mass screening and no HPV vaccine has yet been
licensed. Type-specific and age-related data of HPV prevalence,
both for women with normal cytology and for women with cervical
diseases, are prerequisites to make a well-judged decision about
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the future role of HPV screening and vaccination in cervical cancer
prevention, but these data are missing in Japan. A meta-analysis of
Japanese HPV studies provided representative data of HPV type
distribution, but no information about age-specific prevalence.®

In the present study, we analyzed HPV DNA data from 2282
Japanese women to obtain the prevalence data of HPV among
women across a broad age range. Our data may help provide
models for further evaluating potential impact and cost effec-
tiveness of HPV screening and vaccination in Japan.

Materials and Methods

Study subjects. Our study subjects consisted of 2282 Japanese
women (1517 normal cytology, 318 cervical intraepithelial
neoplasia [CIN] grade 1, 307 CIN2-3, and 140 invasive cervical
cancer [ICC]) who visited the University of Tsukuba Hospital or
Ibaraki Seinan Medical Center Hospital for cervical cancer
screening, treatment of cervical diseases, or other reasons
between 1999 and 2007. Foreign women were excluded from
the present study, based on self-reported ethnicity. Both
hospitals are located in the south-west area of Ibaraki prefecture,
approximately 50 km north of Tokyo. Histological diagnosis was
made using hematoxylin—eosin-stained sections according to the
‘World Health Organization classification. Written informed consent
was obtained from all patients. The institutional ethical and research
review board of each hospital approved the study protocol.

HPV detection and genotyping. Exfoliated cells from the ecto-
cervix and endocervix were collected into a tube containing
1 mL PBS and stored at ~30°C until DNA extraction. We detected
HPV DNA in cervical samples by PCR-based methodology
described previously.® In brief, total cellular DNA was extracted
from cervical samples by a standard sodium dodecyl sulfate—
proteinase K procedure. HPV DNA was amplified by PCR using
consensus primers (L1C1 and L1C2 + L1C2 M) for the HPV
L1 region. Direct comparisons of HPV detection methodology
have demonstrated that the sensitivity of our PCR assay is
higher than that of PCR assays using MY09 and MY11 and
GP17 and GP18 primers.®®!) A reaction mixture without template
DNA was included in every set of PCR runs as a negative
control. Also, primers for a fragment of the B-actin gene were
used as a control to rule out false-negative results for samples in
which HPV DNA was not detected. To avoid contamination, we
used disposable utensils and discarded them after a single use.
We also used aliquoted reagents and maintained separate
locations for different stages of the assay. HPV types were
identified by restriction fragment length polymorphism, which
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has been shown to identify at least 26 types of genital HPV.
HPV detection and genotyping were carried out blinded to
the clinical data collected from the study subjects. In the
present study, we considered HPV16, HPV18, HPV31, HPV33,
HPV35, HPV39, HPV45, HPVS51, HPVS52, HPVS56, HPV3S,
HPV59, and HPV68 as oncogenic types. These 13 genotypes are
detected by Hybrid Capture 2 (HC2) test (Digene, Gaithersburg,
MD, USA). All other HPV types were classified as non-oncogenic
types.

Statistical analysis. To estimate HPV genotype-specific risks for
progression from HPV infections to CIN 2-3 or worse, prevalence
ratios and odds ratios were calculated using JMP 7.0 J statistics
package (SAS Institute, Cary, NC, USA). In addition, y*test for
trend was used to analyze the age-related prevalence of HPV16
and HPV18 in women with CIN 2-3 and ICC. Two-sided P-
values were calculated throughout and considered to be significant
at less than 0.05.

Results

This analysis included 2282 Japanese women (1517 normal
cytology, 318 CIN1, 307 CIN2-3, and 140 ICC). The mean age of
the study subjects was 35.9 years (range, 15-84 years); 35.0 years
(range, 15-78 years) for women with normal cytology; 34.6 years
(range, 15-75 years) for CIN1; 35.5 years (range, 18-78 years)
for CIN2-3; and 49.2 years (range, 25~-84 years) for ICC. HPV
prevalence was 22.5% in women with normal cytology, 88.4%
in CIN1, 94.8% in CIN2-3, and 93.6% in ICC. A total of 20
types were detected in women with normal cytology and the
number of detected genotypes decreased according to disease
severity (19 types in CIN1, 14 types in CIN2-3, and 12 types in
ICC). HPV45 was not detected among our study subjects.

Age-related prevalence in cytologically normal women. In women
with normal cytology, HPV prevalence peaked (35.9%) in women
aged 15-19 years (n = 167), followed by a gradual decline
in prevalence through 54 years; 28.9% among women aged
20-29 years (n = 499); 22.3% among women aged 30-39 years
(n = 337); and 11.4% among women aged 40-54 years (1 = 367)
(Fig. 1). Interestingly, a second peak of HPV prevalence was
observed in women aged 55 years or older (n = 147). Similarly,
the age-related prevalence of vaccine types (HPV16 and
HPV18) and HC2 (13 oncogenic types) was highest in women
aged 15-19 years, with a second peak observed in women aged
55 years or older. A similar trend of age-specific HPV prevalence
was observed for each HPV genotype separately (data not
shown).

When the age-specific prevalence in cytologically normal
women was applied to the age structure of the Japanese female
population aged 15 years or older (56 869 466 women) reported
in the 2005 Population Census,"? approximately 12 million
women (20.6%) were estimated to be carriers of HPV DNA, of
whom 21.6% were estimated to be infected with vaccine
types, and 46.1% with the other oncogenic types.

HPV genotype-specific risk for cervical cancer in Japan. To assess
the progressive potential of each genotype, HPV type distributions
among HPV-positive women were shown according to disease
severity in Table 1. Among women with normal cytology, HPV16
and HPV51 (11.7%) were most frequently detected, followed
by HPV52 (9.4%), HPV58 (7.0%), HPV56 (5.8%), and HPV18
(5.6%). In CIN1, HPV51 was the most common genotype
(12.5%), followed by HPV52 (11.4%), HPV16 (9.6%), HPV56
(8.9%), HPV18 (6.8%), and HPV58 (6.8%). In CIN2-3,
HPV16 was most prevalent (24.1%), followed by HPV32
(17.5%), HPV58 (10.6%), HPV18 (6.9%), HPV51 (6.5%), and
HPV3l (4.5%). In ICC, the most common HPV types were, in
order of decreasing prevalence, HPV16 (40.5%), HPV18 (24.4%),
HPV52 (8.4%), HPV33 (3.1%), HPV58 (3.1%), HPV31 (1.5%),
HPV39 (1.5%), and HPV53 (1.5%). Based on the comparison of
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Fig. 1. Age-related human papillomavirus (HPV) prevalence among
cytologically normal women in Japan. In women with normal cytology,
HPV prevalence peaked in women aged 15-19 years, followed by a
gradual decline in prevalence through 54 years. A second peak of HPV
prevalence was observed in women aged 55 years or older. A similar
trend of age-specific prevalence was observed for vaccine types (HPV16
and HPV18) and Hybrid Capture 2 (HC2) types (13 oncogenic types).

HPV type distributions between normal cytology and CIN2-3
and ICC, estimated risks for progression from viral infection
to CIN 2-3 or ICC was highest in HPV31 (prevalence ratio,
3.04), followed by HPV16 (2.49), HPV18 (2.22), HPV35
(2.02), HPV52 (1.57), HPV33 (1.42), HPVSS (1.18), HPVS82 (0.81),
HPV53 (0.45), HPVS1 (0.41), HPV56 (0.32), HPV39 (0.22),
HPV59 (0.16), HPV70 (0.16), and HPV68 (0.12), suggesting
that the seven genotypes of HPV16, HPV18, HPV31, HPV33,
HPV35, HPV32, and HPVS58 (prevalence ratio >1.0) are
‘higher-risk’ types in Japan. The estimated risk was statistically
significant for HPV16 and HPV18, but not for HPV31 because
of limitations imposed by the low prevalence of this genotype.
The prevalence of these seven types increased according to
disease severity (normal cytology, 37.7%; CIN1, 41.6%; CIN2—
3, 68.7%; ICC, 71.0%; prevalence ratio, 1.92). Conversely, the
prevalence of the other oncogenic types decreased with disease
severity (normal cytology, 27.2%; CIN1, 25.3%; CIN2-3,
10.7%; ICC, 3.1%; prevalence ratio, 0.31). A similar trend was
observed for non-oncogenic types (normal cytology, 16.1%;
CIN1, 8.9%; CIN2-3, 3.8%; ICC, 1.5%; prevalence ratio, 0.09).

The prevalence of multiple infections did not increase according
to disease severity (prevalence ratio, 0.83), suggesting no
association between multiple infections and disease progression.

We also calculated odds ratios to estimate type-specific risks
of progression to CIN2-3 or ICC, although these analyses
showed similar results (Table 1).

Estimating the impact of HPV16 and HPV18 vaccines in Japan.
Clinical studies of HPV vaccines have demonstrated close to
100% protection against HPV16- and HPV18-related infection
and diseases.®> The prevalence of HPV16 and HPV18 was
specifically analyzed to estimate the potential impact of current
HPV vaccine against HPV16 and HPV18. When multiple
infections were classified into each genotype, HPV16 and/or
HPV18 were detected in 23.9% of CIN1, 36.2% of CIN2-3, and
67.1% of ICC. In women with CIN2-3 and ICC, the prevalence
of HPV16 and HPV18 was highest among women aged 20-
29 years, significantly decreasing with age thereafter (Table 2,
x? test for trend, P < 0.05). In ICC cases, HPV16 and/or HPV18
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Table 1. Human papillomavirus (HPV) type prevalence and risks for progression from viral infection to cervical intraepithelial neoplasia (CIN) 2-3

or invasive cervical cancer (ICC) in Japan

Normal cytology CIN1 CIN2-3 ICC Prevalence ratios Odds ratio*
HPV type {n =342) {n=281) (n=291) (n=131) CIN2-3+ICC:NL CIN2-3 +1CC: NL
n %! n % n % n % (95% Cl) (95% CI)
Oncogenic types (HC2 types) 222 64.9 188 66.9 231 794 110 84.0 1.24 (1.10-1.41) 72.2 (47.9-113.7)
HPV16/18/31/33/35/52/58 129 37.7 117 416 200 68.7 106 80.9 1.92 (1.58-2.34) 111.5 (72.7-178.1)
HPV39/45/51/56/59/68 93 27.2 71 25.3 31 10.7 4 3.1 0.31 (0.19-0.50) 17.7 (10.2-31.1)
HPV16 40 1.7 27 9.6 70 24.1 53 40.5 2.49 (1.61-3.87) 144.5 (86.3-251.3)
HPV18 19 5.6 19 6.8 20 6.9 32 24.4 2.22 (1.12-4.41) 128.6 (68.0-254.6)
HPV31 4 1.2 6 2.1 13 4.5 2 1.5 3.04 (0.73-12.7) 176.2 (58.3-653.3)
HPV33 8 2.3 7 2.5 10 3.4 4 34 1.42 (0.44-4.61) 82.2 (32.4-223.3)
HPV35 2 0.6 7 2.5 5 1.7 0 0 2.02 (0.24-17.1) 117.5 (24.1-848.2)
HPV39 11 3.2 2 0.7 1 0.3 2 1.5 0.22 (0.01-1.15) 12.8 (2.8-44.1)
HPVAS 0 0 0 0 0 0 0 0 NA NA
HPV51 40 1.7 35 12,5 19 6.5 1 0.8 0.41 (0.20-0.83) 23.5 (12.0-45.9)
HPVS52 32 9.4 32 1.4 51 17.5 11 8.4 1.57 (0.90-2.74) 91.1 (51.7-166.0)
HPVS6 20 5.8 25 8.9 8 3 0 0 0.32 (0.12-0.97) 18.8 (7.2-45.6)
HPVS8 24 7.0 19 6.8 31 10.7 4 3.1 1.18 (0.59-2.38) 68.5 (36.1-133.9)
HPV59 15 4.4 4 14 3 1.0 0 0 0.16 (0.03-0.77) 9.4 (2.1-30.8)
HPV68 7 2.0 5 1.8 0 0 1 0.8 0.12 (0.01-1.34) NA
Non-oncogenic (non-HC2 types) 55 16.1 25 8.9 1" 3.8 2 1.5 0.09 (0.03-0.43) 11.1 (5.3-22.6)
HPVE/11 1 3.2 6 21 0 0 0 0 NA NA
HPV53 16 a7 13 4.6 7 2.4 2 1.5 0.45 (0.15-1.38) 26.4 (10.3-64.8)
HPV54 4 1.2 0 0 0 0 0 0 NA NA
HPV61 1" 3.2 3 1.1 0 0 0 0 NA NA
HPV66 5 1.5 3 1.1 0 0 0 0 NA NA
HPV70 5 1.5 0 0 1 0.3 0 Q 0.16 (0.01-2.12) 9.4 (0.5-61.2)
HPV82 3 0.9 0 0 3 1.0 Y] 0 0.81 (0.10-9.00) 47.0 (8.4-265.1)
Undetermined$ 24 7.0 16 57 16 5.5 6 4.6 0.65 (0.21-2.02) 43.1 (21.4-87.7)
Multiple 41 12.0 52 18.5 33 113 13 9.9 0.83 (0.37-1.81) 52.7 (29.9-95.4)

*Percentage among HPV-positive women.

'For estimation of odds ratios and 95% confidence intervals (Cl), patients with cervical cancer who were negative for HPV (n = 9) and control
individuals who were negative for HPV (n = 1175) were used as reference categories.
$Undetermined HPV types denote that HPV types were unclassified or not determined due to weak reactions. NA, not available; NL, nonual cytology.

Table 2. Age-related prevalence of human papillomavirus (HPV) 16 and HPV18 in women with cervical intraepithelial neoplasia (CIN) 2-3 and

invasive cervical cancer (ICC)
(A) Women with CIN2-3

Age (years)
Detection of HPV16 and 18
20-29 (n = 78) 30-39 (n=133) 40-49 (n = 55) 50-59 (n = 30) 60~ (n = 4) All (n = 307)

Single infection

HPV16 26 (33.3%) 30 (22.6%) 9 (16.4%) 3 (10.0%) 1 (25.0%) 70 (22.8%)

HPV18 6 (7.7%) 10 (7.5%) 2 (3.6%) 2 (6.7%) 0 (0.0%) 20 (6.5%)
Multiple infection

HPV16 and HPV18 only 1(1.3%) 0 (0.0%) 0 (0.0%) 1(3.3%) 0 (0.0%) 2 (0.7%)

HPV16, HPV18, and others 9 (11.5%) 5 (3.8%) 2 (3.6%) 1(3.3%) 0 (0.0%) 19 (6.2%)
Total 42 (53.8%) 45 (33.8%) 13 (23.6%) 7 (23.3%) 1 (25.0%) 111 (36.2%)
(B) Women with ICC

Age (years)
Detection of HPV16 and 18
20-29 (n = 10) 30-39 (n = 29) 40-49 (n = 44) 50-59 (n = 25) 60- (n = 32) All (n = 140)

Single infection

HPV16 1 (10.0%) 9 (31.0%) 20 (45.5%) 11 (44.0%) 12 (37.5%) 53 (37.9%)

HPV18 6 (60.0%) 9 (31.0%) 8 (18.2%) 5 (20.0%) 4 (12.5%) 32 (22.9%)
Multiple infection

HPV16 and HPV18 only 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

HPV16, HPV18, and others 2 (20.0%) 4 (13.8%) 1(2.3%) 0 (0.0%) 2 (6.3%) 9 (6.4%)
Total 9 (90.0%) 22 (75.9%) 29 (65.9%) 16 (64.0%) 18 (56.3%) 94 (67.1%)

were associated with 90.0% of women aged 20-29 years and
75.9% of women aged 30-39 years. Also, HPV16 and/or HPV13
contributed to 64.9% of infections detected in squamous cell
carcinoma and 84.7% of infections in adenocarcinoma.

Onuki et al.

To quantify the population-based impact of HPV vaccine in
Japan, the age-specific prevalence of HPV16 and HPV18 in ICC
cases was applied to the age distribution data of ICC case based
on the Japanese cancer registration in 2002.% When excluding
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HPV16- and HPV18-positive women from the data, the number
of ICC cases was estimated to decrease from 8779 to 3074,
suggesting that HPV16 and HPV18 vaccines may provide 65%
protection against ICC in Japan.

Discussion

Our data showed that HPV infections are commonly detected among
Japanese women, particularly of reproductive age, suggesting
that approximately 12 million Japanese women may be carriers
of HPV DNA. In the present study, the overall HPV prevalence
in Japanese women with normal cytology (22.5%) was much
higher than results from previous studies in Japan (range,
9.7-14.6%).9+9 In a meta-analysis including these HPV studies,
HPV prevalence in cytologically normal women was only
10.2%.® Because the meta-analysis data were from case-control
studies, this discrepancy may be explained by the older age of
control women that were selected to match the age of the case
women with cancer or precursor lesions. For instance, Asato
et al. reported that HPV DNA was detected in 10.2% of control
women with normal cytology,® but they (average age, 52.4 years)
were much older than our study subjects (average age, 35.0 years).
In the present study, HPV prevalence in cytologically normal
women aged 40-54 years was 11.4%. One may speculate that
our data may be biased because the study subjects visited
hospitals on their own initiative. However, our result was similar
to results from recent large-scale population-based studies in the
USA (26.8%), Denmark (22.9%), and Costa Rica (22.4%).%-")
With regard to age-specific prevalence, HPV infection was most
frequently detected in young women aged 15-25 years and a
second peak was observed in women aged 55 years or older,
which is also consistent with results from African, American,
and European populations,®” although the reason for the second
peak is unknown.

In the present study, type-specific prevalence data in women
with ICC and precursor lesions were very similar to those from
the meta-analysis of previous Japanese studies:® for instance,
HPV16 and HPV18 were less frequently identified in ICC cases
in Japan compared with Southeast Asia, North America, and
Europe,®? with HPV31, HPV33, HPV52, and HPV58 accounting
for approximately 20% of ICC; HPV45 was rarely detected in
Japan. However, the prevalence of HPV18 in ICC cases was far
higher in this study (24%) compared with previous studies
conducted by us (14%)@ and other groups (8-11%).%%'9 In a
meta-analysis of Japanese HPV studies, HPV18 was identified in
12% of women with ICC.® This discrepancy may be explained
by the difference in age of the study subjects. Our study subjects
(mean age, 49 years) were much younger than the women
participating in the previous studies: the mean age of ICC cases
was 57 years in the data shown by Nakagawa ef al. in 1996%?
and 53 years in the study reported by Asato et al. in 2004.49
This was consistent with a recent report showing the increased
incidence of young women with cervical cancer in Japan.®> As
shown in our previous®? and present studies, HPV18 was more
frequently identified among young ICC cases. Thus, the higher
HPV18 prevalence in this study may be explained by the
younger age of the study subjects. Although HPV18 is more
commonly detected in adenocarcinoma than in squamous cell
carcinoma, the incidence of adenocarcinoma did not differ
between the present and previous studies.

Our data suggested that risks of progression to CIN2-3 and
ICC vary greatly by HPV genotype, with seven types of HPV
(HPV16, HPV18, HPV31, HPV33, HPV35, HPVS52, and HPV58)
accounting for approximately 80% of ICC and 70% of CIN2-3.
This was consistent with the results of a meta-analysis of Japanese
HPYV studies.® In a large-scale prospective cohort study of Japanese
women with low-grade squamous intracpithelial lesion, the
cumulative risk of CIN3 within 5 years was: 19.8% for HPV16,

HPV18, HPV31, HPV33, HPV35, HPV52, and HPVSS; 6.7%
for other oncogenic types; and 3.1% for non-oncogenic types
(P =0.0001; K. Matsumoto, unpublished data, 2009). These
observations suggest that testing for a specific subset of
oncogenic HPV types may be very useful for identifying
populations at increased or decreased risk for disease progres-
sion in the follow up of women with cervical precursor lesions.
Characterizing a woman’s risk more precisely by partial or full
genotyping may reduce the number of follow-up smears and
colposcopy referrals, although further analyses of cost-utility
are needed.

To date, clinical trials of HPV vaccines have demonstrated
close to 100% efficacy in preventing infection and disease asso-
ciated with types included in the vaccines.®® Our preliminary
calculations excluding HPV16- and HPV18-positive infections
from the data suggested that the reduction in CIN2-3 and ICC that
can be achieved by prophylactic HPV16 and HPV18 vaccination
would be 36.2 and 67.1%, respectively, in Japan. Actually, the
reduction may be smaller because some HPV16- and HPV18-
positive infections include coinfections with other types, whereas
cross-protection against HPV45, HPV31, and HPV52 may offer
an additional prevention effect. A clinical trial of HPV16
and HPV18 vaccine demonstrated that vaccine efficacy against
HPV45, HPV31, and HPV52 was 60, 36, and 32%, respectively.®
Based on these data, the reduction in CIN2-3 and ICC that can
be achieved by HPV16 and HPV18 vaccination would be 44.3
and 71.0%, respectively. These estimates suggested that current
HPV vaccines would contribute substantially to reducing the
incidence of cervical cancer and high-grade precursor lesions
in Japan, but screening will remain necessary to detect approxi-
mately 60% of CIN2-3 and 30% of ICC cases that cannot be
prevented by HPV16 and HPV18 vaccination. Equally important,
the overall prevalence of HPV16 and/or HPV18 decreased
significantly with the women’s age: highest in women aged 20~
29 years (CIN2-3, 53.9%; ICC, 90.0%) decreasing with age
thereafter and lowest in women aged 60 years or older (CIN2-3,
25.0%; ICC, 56.3%). This may imply that HPV16 and HPV18
have an advantage of progressing rapidly to cervical cancer and
pre-cancer compared with other oncogenic types, in accordance
with recent reports.®*2» Although data are limited with regard to
the age-specific prevalence of HPV16 and HPV18 in cervical
cancer and pre-cancer worldwide, a previous study also reported
a high prevalence of HPV16 and HPV18 in young Japanese
women with ICC.?? These observations suggest that current
HPV vaccines will be more useful in reducing the incidence
of cervical cancer and pre-cancer in young women aged 20-
39 years in Japan. Therefore, HPV vaccination could substan-
tially reduce the number of young women receiving surgical
treatment (cone biopsy or hysterectomy) that may result in
negative consequences for pregnancy outcomes or inability to
bear a child.®®

In conclusion, our data suggest that risks of progression to
CIN2-3 and ICC vary considerably by HPV genotype. Accordingly,
testing for a specific subset of oncogenic HPV types may help
identify Japanese women at particularly high risk of CIN2-3
and cancer. In Japan, current HPV vaccines are estimated to
provide approximately 70% protection against ICC and may be
more useful in reducing the incidence of cervical cancer and
pre-cancer in young women of reproductive age.

Acknowledgments

We thank Chizuko Fukui and Yoko Kuno for assistance. Also, we are
grateful to all the women that participated in the study. This work was
supported by the grants from the Ministry of Education, Science, Sports,
and Culture of Japan (grant numbers 16591637, 17591722, and
19390424) and the Fund-in-Trust for Cancer Research from the Governor
of IBARAKI Prefecture, Japan.

doi: 10.1111/].1349-7006.2009.01161.x
© 2009 Japanese Cancer Association



References

—

w2

w

=}

~

oo

o

—
.

Schiffman M, Castle PE, Jeronimo J, Rodriguez AC, Wacholder S. Human
papillomavirus and cervical cancer. Lancet 2007; 370: 890-907.

Wright TC Jr, Schiffman M, Solomon D ef al. Interim guidance for the use
of human papillomavirus DNA testing as an adjunct to cervical cytology for
screening. Obstet Gynecol 2004; 103: 304-9.

Future II Study Group. Quadrivalent vaccine against human papillomavirus
to prevent high-grade cervical lesions. N Engl J Med 2007; 356: 1915-27.
Harper DM, Franco EL, Wheeler CM et al. Sustained efficacy up to
4.5 years of a bivalent L1 virus-like particle vaccine against human
papillomavirus types 16 and 18: follow-up from a randomised contro] trial.
Lancet 2006; 367: 1247-55.

Paavonen I, Jenkins D, Bosch FX et al. Efficacy of a prophylactic adjuvanted
bivalent L1 virus-like-particle vaccine against infection with human
papillomavirus types 16 and 18 in young women: an interim analysis of a
phase III double-blind, randomised controlled trial. Lancet 2007; 369: 2161-
70.

Mayrand MH, Duarte-Franco E, Rodrigues I ef al. Human papillomavirus
DNA versus Papanicolaou screening tests for cervical cancer. N Engl J Med
2007; 357: 1579-88.

Naucler P, Ryd W, Témberg S ef al. Human papillomavirus and Papanicolaou
tests to screen for cervical cancer. N Engl J Med 2007, 357: 1589-97.
Miura S, Matsumoto K, Oki A eral. Do we need a different strategy for
HPV screening and vaccination in East Asia? Int J Cancer 2006; 119: 2713~
15.

Yoshikawa H, Kawana T, Kitagawa K, Mizuno M, Yoshikura H, Iwamoto A.
Detection and typing of multiple genital human papillomaviruses by DNA
amplification with consensus primers. Jpn J Cancer Res 1991; 82: 524-31.
Kado S, Kawamata Y, Shino Y et al. Detection of human papillomaviruses
in cervical neoplasias using multiple sets of generic polymerase chain
reaction primers. Gynecol Oncol 2001; 81: 47-52.

Harnish DG, Belland LM, Scheid EE, Rohan TE. Evaluation of human
papillomavirus-consensus primers for HPV detection by the polymerase
chain reaction. Mol Cell Probes 1999; 13: 9-21.

Statistical Survey Department. Japan population census 2005 (Website on the
internet). Tokyo: Statistics Bureau, Ministry of Internal Affairs and
Communications, 2005. [Cited 5 March 2009} Available from URL: http://
www.stat.go.jp/english/data/kokuseifindex.htm.

Matsuda T, Marugame T, Kamo KI et al. Cancer incidence and incidence
rates in Japan in 2002: Based on data from 11 population-based cancer
registries. Jpn J Clin Oncol 2008; 38: 641-8.

Onuki et al.

14

15

16

17

1

=]

2

—

2

[\

23

24

25

26

Yoshikawa H, Nagata C, Noda K ez al. Human papillomavirus infection and
other risk factors for cervical intraepithelial neoplasia in Japan. Br J Cancer
1999; 80: 621-4.

Sasagawa T, Basha W, Yamazaki H, Inoue M. High-risk and multiple human
papillomavirus infections associated with cervical abnormalities in Japanese
women. Cancer Epidemiol Biomarkers Prev 2001; 10: 45-52.

Asato T, Machama T, Nagai Y, Kanazawa K, Uezato H, Kariya K. A large
case-control study of cervical cancer risk associated with human
papillomavirus infection in Japan, by nucleotide sequencing-based
genotyping. J Infect Dis 2004; 189: 1829-32.

Dunne EF, Unger ER, Sternberg M ef al. Prevalence of HPV infection
among females in the United States. JAMA 2007; 297: 813-19.

Kjaer SK, Breugelmans G, Munk C, Junge J, Watson M, Iftner T.
Population-based prevalence, type- and age-specific distribution of HPV in
women before introduction of an HPV-vaccination program in Denmark. Int
J Cancer 2008; 123: 1864-70.

Herrero R, Castle PE, Schiffman M et al. Epidemiologic profile of type-
specific human papillomavirus infection and cervical neoplasia in
Guanacaste, Costa Rica. J Infect Dis 2005; 191; 1796-807.

de Sanjosé S, Diaz M, Castellsagué X eral. Worldwide prevalence and
genotype distribution of cervical human papillomavirus DNA in women with
normal cytology: a meta-analysis. Lancet Infect Dis 2007; 7. 453-9,

Mufioz N, Bosch FX, Castellsagué X eral. Against which human
papillomavirus types shall we vaccinate and screen? The international
perspective. Int J Cancer 2004; 111: 278-85.

Nakagawa S, Yoshikawa H, Onda T, Kawana T, Iwamoto A, Taketani Y.
Type of human papillomavirus is related to clinical features of cervical
carcinoma. Cancer 1996; 78: 1935-41.

Konno R, Shin HR, Kim YT efal. Human papillomavirus infection and
cervical cancer prevention in Japan and Korea. Vaccine 2008; 26(Suppl. 12):
M30-42.

Khan MJ, Castle PE, Lorincz AT et al. The elevated 10-year risk of cervical
precancer and cancer in women with human papillomavirus (HPV) type 16
or 18 and the possible utility of type-specific HPV testing in clinical practice.
J Natl Cancer Inst 2005; 97: 1072~9.

Vinokurova S, Wentzensen N, Kraus I efal. Type-dependent integration
frequency of human papillomavirus genomes in cervical lesions. Cancer Res
2008; 68: 307-13.

Kyrgiou M, Koliopoulos G, Martin-Hirsch P, Arbyn M, Prendiville W,
Paraskevaidis E. Obstetric outcomes after conservative treatment for
intraepithelial or early invasive cervical lesions: systematic review and meta-
analysis. Lancer 2006; 367: 489-98.

CancerSci | 2008 | S
© 2009 Japanese Cancer Association



