Table 1. Characteristics of the 110 patients enrolled in the present
study

Characteristic n
No, patients 110
Age (years)
Median 59
Range 36-72
Sex
Male 80
Female 30
Disease stage at study entry
1] 33
v 77

Tumor histology

Adenocar¢iioma 78
Squamous 22
Large-cell 1
Unclassified nor-small cell
Regimen
Cisplatin and gemcitabine 21
Cisplatin and paclitaxel 18
Nedaplatin and paclitaxel 15
Cisplatin and vinorelbine 14
Carboplatin and paclitaxel 14
Cisplatin and vindesine 13
Cisplatin, docetaxel and ifosfamide 7
Cisplatin and docetaxel 8
Table 2. Response rate (%) using four different measurements
among five ohservers
Observer
Measurement Mean
A B C D E
uD 31.8 25.5 23.6 309 32.7 289
BD? 336 27.3 30.0 32.7 32.7 313
UD-MLS* 330 27.2 32.0 30.1 32.0 30.9
BD-MLS 35.0 32.0 33.0 33.0 34.0 334

"WHO criteria; *RECIST guidelines. BD, bidimensional measurement:
MLS, minimum lesion size; UD, unidimensional meastirement.

68, 68 and 68 SD, and 6, 7, 9, 6 and 6 PD, respectively. The
response rate ranged from 27.3 to 33.6%.

Tumor response evaluation between UD-MLS and BD-MLS
When the MLS criteria were applied, the number of eligible
cases decreased by 6.4% from 110 to 103, and the number of
target lesions decreased by 44.6% from 402 1o 223.

The response rate results are shown in Table 2. None of the

patients were rated CR. When UD was used with MLS, the
1espective response evaluations made by observers A, B, C,
D and E were 34, 28, 33, 31 and 33 PR, 68, 73, 67, 72 and
68 SD, and 1, 2, 3, 0 and 2 PD. The response rates of UD
applying MLS ranged from 27.2 to 33.0%, showing a reduc-
tion in interobserver difference compared with those of UD
not applying MLS. With BD using the MLS, the correspond-
ing response categories were 36, 33, 34, 34 and 35 PR, 63,
66, 65, 63 and 64 SD, and 4, 4, 4, 6 and 4 PD. The response
rate ranged from 32.0 to 35.0%.

Intercriteria reproducibility

The intercriteria reproducibility in the response rates is shown
in Table 3. Between UD and BD, the intraobserver difference
in the response rates ranged from 0 to 6.4% with a mean of
2.36%, and the interobserver difference ranged from 0 to
10.0% with a mean of 4.25%. Between UD-MLS and BD,
the intraobserver difference in the response rates ranged from
0.1 to 2.6% with a mean of 1.26%, and the interobserver
difference ranged from 0.1 to 6.4% with a mean of 2.76%,

Correlations between UD and BD

The mean and ranges of interobserver reproducibility among
five observers using the two dimensional measurements are
shown in Table 4. The mean value of the Spearman rank
correlation coefficient for the percentage changes when using
UD (0.81) was lower than that using BD (0.85), and the same
tendency was observed for the mean value of proportion of
agreement for the tumor response categories (82.5%, 908/
1100 vs 84.4%, 928/1100) and the mean kappa statistics for
the tumor response categories (0.61 vs 0.69). The lowest
kappa statistics among the 10 pair comparisons were 0.49
with UD and 0.61 with BD. The kappa statistics obtained
with BD were higher than those with UD in nine out of 10
pair comparisons (Fig. 1),

Correlations between UD and UD-MLS

The mean values and ranges of interobserver reproducibility
when applying the MLS are shows in Table 4. The mean value
of Spearman’s correlation coefficient for UD-MLS (0.84) was
higher than that for UD (0.81), and the same tendency was
observed for the mean value of proportion of agreement for
the tumor response categories (84.2%, 867/1030 vs 82.5%,
908/1100) and the mean kappa statistics for the tumor
response categories (0.65 vs 0.61). The lowest kappa statistics
among the 10 pair-based comparisons was 0.57 with MLS and
0.49 without. When MLS was used together with UD, the kappa
statistics increased in eight out of 10 pair comparisons (Fi g.2).

Table 3. Intercriteria reproducibility: difference in the response rate (%) among five

observers
UD and BD' UD-MLS* and BD*
Category
Mean Range Mean Range
Overall (25 comparisons) 3.87 0-10 2.45 0.1-6.4
Interobserver {20 comparisons) 4.25 0-10 2.76 0.1-6.4
Intraobserver {5 comparisons) 2.36 0-6.4 1.26 0.1-2.6

WHO criteria; *RECIST guidelines, BD, bidimensional measurement; MLS, minimum lesion

size; UD, unidimensional measurement.
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Table 4. Interobserver reproducibility (10 pair comparisons) using four different measurements among five observers
Sp‘earman s Proportion Sf Kappa statistic
Category No. patients correlation coefficient agreement (%)

Mean Range Mean Range Mean Range
up 110 0.81 0.76-0.86 82.5 77.3-89.1 0.61 0:48-0.75
BD* 110 0:85 0.79-0.8% 84.4 80.0-89.1 0.69 0.61-0.78
UD-pMLS* 103 0.84 0.75-0.89 84.2 80.6-88.3 0.65 0.57-0.73
BD-MLS 163 0.86 0.80-0.89 84.0 78.6-89.3 0.68 0.58-0.78

"WHO criteria; *RECIST guidelines. BD, bidimensional measurement; MLS, minimum lesion size; UD, unidimensional measurement.
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Fig. 1. Scattergram showing the kappa statistics for the use of
unidimensional (UD) and bidimensional (BD) measurements. The
kappa values for BD were higher than those for UD in nine of 10
pair comparisons.

Discussion

Standardized tumor response-evaluation systems are considered
reliable in clinical trials when they are valid and reproducible
among different observers. Although the intercriteria
reproducibility between the new RECIST guidelines and
the previous WHO ecriteria had been investigated,*” little
information was available concerning intérobserver reprodu-
cibility of tumor response evaluation. In addition, statistical
anialysis resulis regarding the effect of MLS on interobserver
reproducibility had not been provided in previous reports.
This is the first study to investigate interobserver reprodu-
cibility of the RECIST guidelines evaluating the MLS.

The importance of interobserver reproducibility for any
classification schieme has been discussed previously for other
grading systems.!'? Clinical investigators must take into
account interobserver reproducibility in tumor response
evaluation, which can greatly affect the results in clinical tri-
als. Our findings demonstrated that interobserver variability
exists for bidimensional measurements, as in studies published
previously."*' For example, Hopper et al. showed con-
siderable interobserver variability in CT tumor measurements
between radiologists interpreting thoracic and abdominal/

Hirokazu Watanabe et al.
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Fig. 2. Scattergram showing the kappa statistics for the use of
unidimensional ‘measurement (UD) and UD with minimum lesion
size (MLS). When MLS was applied to UD, the kapps values
increased in eight of 10 pair comparisons.

pelvic CT scans."3 In another report, the impact of an evaluation
committee on patients’ overall response ‘status in a large
multicenter trial in oncology was evaluated."® Major disagree-
ments occurred in 40% of cases and minor disagreements
occurred in 10.5% of the cases reviewed. The number of
responders was reduced by 23.2% after review by the
evaluation committee.

The rarige of response rates among five observers was
clearly narrowed by the MLS (Table 2). The response rates
assessed by UD varied from 23.6 t6 32.7%. When assessed
by BD, the response rates ranged from 27.3 to 33.6%.
Response rates assessed with UD-MLS ranged from 27.2 to
33.0%, which was almost identical when BD was used.

The results of the present study also suggested that BD
was more reproducible than UD. When MLS was applied to
UD, the mean values and ranges of Spearman’s correlation
coefficient; proportion of agreement and the kappa statistics
imiproved (Table 4). In order to ensure comparable interob-
server reproducibility (ds was originally achieved with the
WHO criteria) it is essential that the MLS be used in combi-

-nation with UD when using RECIST.

Because of the need to retain some ability to compare
results of future therapies with those available curréntly, no
major discrepancy should exist between the old (WHO) and

I March2006 1 vol.97 | ho.3 | 247
© 2006 Japanese Cancer Association

Cancer Sci

-136-



new (RECIST) criteria, although measurement criteria would
be different. The mean values and ranges of intercriteria
reproducibility in the response rates between UD-MLS and
BD were lower and narrower than those between UD ‘and BD
(Table 3). The introduction of MLS to UD improved the
intercriteria reproducibility between WHO and RECIST.

As for intercriteria reproducibility, the mean values and
ranges for intraobserver reproducibility were better than
those for interobserver reproducibility (Table 3). Erasmus
et al. have suggested that consistency can be improved if
the same reader carries out serial measurements for any one
patient, 9

When MLS is included in the eligibility criteria, the
number of patients with measurable lesions is less than that
obtained ‘with the previous WHO critéria because patients
with only small lesions are excluded from measurement. In
the present study, when MLS criteria were used the nurnber
of eligible cases decreased by 6.4% from 110 to 103 and the
number of target lesions by 44.6% from 402 to 223. This
reduction could affect the number of patients enrolled in clin-
ical trials.

The present study had several limitations. First, the study
cohort comprised NSCLC patients only and the application
of the measuremient modalities was limited to chest CT. Sec-
ond, intraobserver variability between evaluations with dif-
ferent intervals was not investigated. Third, our reference was
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a 10mm slice thickness and therefore the minimum lesion
size was defined as 20 mm. However, RECIST guidelines
allow for a minimum lesion size of 10 mm as a slice thick-
ness of 5 mm measured by helical CT is used. Recently,
multidetector CT, which creates a thinner slice thickness, has
been developed and is being used in daily clinical practice.
Therefore, the addition of the outcomes of patients ineligible
for our study as a result of using a thinner slice thickness
might change our results and should be evaluated in a further
study.

In conclusion, the results of the present study suggest that
UD yields poorer interobserver reproducibility of tumor
response evaluation than BD; however, if MLS is applied to
UD, interobserver reproducibility can improve and become
the same as that obtained with BD. The introduction of MLS
to UD could also improve intercriteria reproducibility
between WHO and RECIST. It is therefore essential that
investigators include MLS when using RECIST guidelines to
ensure interobserver reproducibility comparable with the
WHO criteria.
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Several studies have suggested that lactoferrin administration may
decrease the serum level of hepatitis C virus (HCV) RNA in patients
with chronic hepatitis C. The aim of the present study was to confirm
the efficacy of orally administered bovine lactoferrin (BLF) in patients
with chronic hepatitis €. The patients with chronic hepatitis C
randomly received either oral bLF at a dose of 1.8g daily for
12 weeks, oran oral placebo. The primary endpoint was the virologic
response, defined as a 50% or greater decrease in serum HCV RNA
level at 12 weeks compared with the baseline. The secondary endpoint
was the biochemical response, which was defined as a 50% or
greater decrease in the serum alanine aminotransferase (ALT) level
at 12 weeks compared with the baseline. One hundred and ninety-
eight of 199 patients were evaluable for efficacy and safety. bLF
treatment was well tolerated and no serious toxicities were
observed. A virologic response was achieved in 14 of 97 patients
{14.4%) in the bLF group, and 19 of 101 (18.8%) in the placebo
group. There was no significant difference in virologic response
rates between the two groups (~4.4%,.95% confidence interval
~14.8, 6.1). In'addition, bLF intake did not have any favorable effect
on the serum ALT level. The virologic responses were not different
between two groups in any subgroup analysis. In conclusion, orally
administered bLF does not demonstrate any significant efficacy in
patients with chronic hepatitis C. (Cancer 5¢f 2006)

H epatitis € viras is a leading cause of chronic: liver disease
in Japan, and nearly two million people are-estimated to be
infected.” It is well known that HCV infection frequently
causes chronic: hepatitis, and that chronic hepatitis eventually
progresses to liver cirrhosis and HCC approximately 30 years
after HCV infection.® In Japan, more than 30 000 people die of
HCC annually, and approximately 80% of HCC patients are
infected with HCV.® Therefore, efféctive anti-HCV therapy is
necessary to reduce the number of patients suffering from cirrhosis
or HCC. To date, interferon-based therapy is the only effective
treatmentused clinically for chronie hepatitis C. A sustained complete
virologic response (loss of detectable serum HCV RNA) occurs
in. 15-20% of patients with chronic hepatitis C after interferon
therapy.®? Moreover, recent studies have demonstrated that interferon
with ribavirin or peginterferon with ribavirin improves the
sustained complete vitologic response rate by up to 40-50%: %9
However, because more than half of patients do not respond to
interferon therapy, and because interferon therapy sometimes
induces strong adverse effects, further developments in the treatmient
of chronic hepatitis C are required.

doi: 10.1111/].1349-7006.2006.00274.x
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Lactoferrin, a member of the transferrin family of iron-
binding glycoproteins, is present mainly in breast milk and other
exocrine secretions. Several biological activities of lactoferrin
have been demonstrated, including regulation of iron absorption
in the intestine and modulation of immunoreactions.” Lactofer-
rin also plays an importarit role in human innate defense mecha-
nisms against bacteria, fungi and viruses.® Jn vizro studies to date
have shown that lactoferrin has antiviral effects against human
immunodeficiency virus-1 and human cytemegalovirus.® Recent
experimental studies have suggested that lactoferrin has antiviral
effect against HCV.U9-1D Yj ¢f al. have reported that Jactoferrin
binds to HCV envelope proteins in vitro."9 lkeda er al. have
reported that lactoferrin prevents HCV infection in cnltured
human hepatocytes, and suggested that the anti-HCV activity of
lactoferrin might be related to its ditect binding to viral sur-
faces. M In addition, recent clinical studies have demonstrated
the potential efficacy of lactoferrin against chronic hepatitis
C.U33% Tanaka et al. reported that 8-week oral administration 6f
bLF at a dose of 1.8 or 3.6 g/day decreased the serum level of
HCV RNA ‘markedly in three of four patients with a low pre-
treatment HCV RNA level (<100 Kcopy/mL)."Y Iwasa eral.
administered bLF (3.6 g/day) orally to 15 patients with high
viral Joads (2100 KIU/mL), and réported that the miean serim
HCV RNA level decreased significantly from 1106 KIU/mL at
entry to 612 KIU/mL after ‘6 months of treatment. (P < 0.01).94%
Based on these promising findings, we planned to investigate
the efficacy of orally administered bLF in patients with chronic
hepatitis 'C. First, we conducted a dose-finding study in 45
patients with: chironic hepatitis C.9% In that study, three dose lev-
els of bLF (1.8, 3.6 and 7.2 g/day) were scheduled, and 15
patients at each dose level received the determined dose of bLF
for 8'weeks. bLF treatment was well tolerated up to 7.2 g/day,
and no serious adverse events were observed. Although no rela-
tionship between bLF dose and efficacy was recognized, a 50%
or greater decrease in the serum HCV RNA level was seen in
four of 45 patients {8.9%). Furthermore, the HCV RNA level
was decreased by 50% or more in eight patients (17.8%) at
week 8 after the end of treatment. These results encouraged us
to conduct further investigations, and the present randomized

"To whom correspondence should be-addressed. E-mail: hiueno@nce.go.jp
Abbreviations: ALT; alanine aminotransferase; bLF, bovine lactoferring Ci,
confidenice Interval; HCC, hepatocellular carcinoma; HOV, hepatitis C virusy 1L,
interleukin; NK, natural killer,
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trial was designed to clarify the ant-HCV activity of bLF in
patients with chronic hepatitis C.

Patients and Methods

Patients, Each patient was required to meet the following
eligibility criteria: 20~74 years of age; positivity for anti-HCV
antibody; an HCV RNA level of 0.5-850 KIU/mL evaluated within
Lmonth before entry; a sustained elevation of serum ALT level
for at least 6 months; a serum ALT level of at least twice the
upper normal limit evaluated within 1 month before entry; no
evidence of HCC on the basis of ultrasonography or computed
tomography carried oot within 3 months before entry; and adequate
bone marrow function (white blood cell count > 4000/mn?,
platelet count 2 100 000/mm?, and hemoglobin level > 11 g/dL),
liver function (total bilirubin level > 2.0-mg/dL, serum albumin
level > 3.5 g/dL, and serum aspartate aminotransferase and ALT
level 2 200 IU/L) and renal function (normal serumi creatinine
and blood urea nitrogen levels).

The exclusion criteria were: positivity for hepatitis B surface
antigen; interferon therapy within 6 months before enfry; immuno-
modulatory or corticosteroid therapy within 3 months before
entry; intravenous glycyrthizin therapy within 1 month before
entry; past or present history of bLF tablet intake; pregnant or
lactating females; severe hepatic disease (e.g. autoimmune
hepatitis and primary biliary cirrhosis); other serious medical
conditions (e.g. gastrointestinal bleeding, active infection,
severe pulmonary disease and psychiatric disorders).

Methods. This double-blind, placebo-controlied phase I trial
was conducted at 11 centers in Japan. The study was approved
by the institutional review board at each center, and all the
participants provided written informed consent. Eligible participants
were assigned randomly to one of two treatment groups in equal
proportions using permutation blocks stratified by centers. A
randomization list was drawn up using the SAS random number
generator at the data center (Quintiles Transnational Japan K. K.
Tokyo, Japan). The treatments consisted of bLF at a dose of 1.8 g/day
or a placebo, administered orally twice daily for 12 weeks. In the
current study, bLF at 1.8 g/day was selected on the basis of the
previous dose-finding study, which indicated that there was no
significant relationship between bLF dose (range, 1.8-7.2 g/day)
and anti-HCV activity."® After the treatment allocation, the
data. center sent a numbered container of bLF .or placebo tablets
to & participant. During treatment, combined use of interferon,
immunomodulatory therapy, corticosteroid and intravenous
glycyrrhizin was prohibited. bLF (450 mg/tablet) and placebo
tablets were provided by Morinaga Milk Industries (Tokyo, Japan).

In the current study, we tested the hypothesis that oral admin-
istration of bLF would: (1) reduce the serum HCV RNA level;
and (2) reduce the seram ALT level in patients with chronic hep-
atitis C. In addition, we investigated the influence of orally
administered bLF on systemic immune response in a small
group of participants. The participants were evaluated every
4 weeks: as outpatients until 4 weeks after completion of treat-
ment. Serum HCV RNA level and serum ALT level were meas-
ured before treatment, during treatment at weeks 4, 8 and 12,
and at 4 weeks after treatment. Serum HCV RNA level was
determined by reverse transcription—polymerase chain reaction
using the Amplicor-HCV monitor V 2.0 kit with a sensitivity of
0.5 KiU/mL (Roche Diagnostics, Tokye, Japan). Anti-HCV
antibody was determined by chemiluminescent enzyme immu-
noassay (Ortho-Clinical Diagnostics, Tokyo, Japan). HCV sero-
typing was carried out as described previously. 99 HCV serotype
1 corresponds to genotypes 1a and 1b of the Simmonds classifi-
cation, and HCV serotype 2 corresponds to genotypes 2a and
2b:97 Serum concentration of IL-18 was measured in partici-
pants at two institutions (National Cancer Center Hospital and
Osaka Red Cross Hospital), and the percentage of CD4*, CD8*,

CD16* and CD56* peripheral blood lymphocytes was measured
in participants at the National Cancer Center Hospital. TL-18
and all lymphocytes were measured before treatment, during
treatment at weeks 4, 8 and 12, and at 4 weeks after completion
of treatment. Serum concentration of I-18 was assayed with a
human IL-18 enzyme-linked immunosorbent assay kit (Medical
and Biological Laboratories, Nagoya, Japan), Lymphocyte surface
phenotypes of CD4, CD8, CD16 and CD56 were determined by
flow cytometry.

Adverse events were graded for severity according to the
Japan Society for Cancer Therapy criteria,"™® which are similar to
the National Cancer Institute Common Toxicity criteria. During
treatment, participants were asked to record in a daily journal
both compliance and any adverse events they experienced.

Assessment of efficacy and statistical analysis. Analyses were car-
ried out on an intention to freat basis. The primary endpoint
was a virologic response. In the current study, we defined a
virologic response as a 50% or greater decrease in the serum
HCV RNA level at 12 weeks compared with the baseline.
Secondary endpoints were a biochemical response, as were
changes in serum HCV RNA level and serum ALT level, If the
serum ALT level at 12 weeks showed both a 250% decrease
compared with the baseline and was < twice the upper normal
limit, we considered it a biochemical response. Response rate
was calculated as the number of responders divided by the total
number in each group. Participants whose HCV RNA (or ALT)
data at 12 weeks were missing were included only in the
denominator. Change in HCV RNA level (or ALT level) was
calculated as the logarithm of the HCV RNA level (or ALT
level) at 12 weeks minus the logarithm of these at the baseline.
Differences in the virologic or biochemical response rates
between two groups were analyzed using a fest for the
difference between two proportions. Differences in the change
in HCV RNA level or ALT level between two groups were
analyzed using a test for the difference between two means. In
addition to the above planned analyses, subgroup analyses for
virologic response were carried out based on pretreatment variables
includinig age, serum HCV RNA level and HCV serotype. In a
small group of participants, change in the serum concentration
of IL-18 and changes in the percentage of CD4*, CDg&*, CDl16*
and CD56" peripheral blood lymphocytes during the study period
were investigated. Analyses were carried out using IMP4.0 and
PC SAS Release v.8.02 (SAS Institute Japan Ltd, Tokyo, Japan).
All P-values are two-tailed, and differences at P <0.05 were
regarded as statistically significant.

We estimated that a total of 250 participants would be the
maximum to enroll for a 2-year enrollment period. Subsequent
power analysis revealed that 125 participants per group would
have 75% power to detect a 10% difference in the virologic
response rate (15 vs 5%) at the 5% level of significance. An
interim analysis by the independent data monitoring committee
was planned after the first 125 participants had been enrolled.
All tria] personnel and participants were blinded to treatrient
assignment for the duration of the trial. Only the trial statistician
and the independent data monitoring ¢ommitiee saw unblinded
data. In the interim analysis of the primary endpoint, the O’Brien—
Fleming method was used.09

Results

Patients. Enrollment began at seven institutions in April 2001.
Because 250 participants were not enrolled for the 2 years
planned originally, we extended the registration period for one
more year and increased the number of participating institutions
from seven to 11. An interim analysis was carried out in March
2004 with the data from the first 125 participants. Because the
resulis of the interim analysis indicated that it was highly
unlikely that a significant difference in treatment efficacy between

doir10.1111/}.1349-7006.2006.00274.x
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[ Enrolment (n.= 199) !

——-41 Refused to participate (n= 1) ‘

! Randomized (n = 198) }
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Lactoferrin group Placebo group
(n=597) (n=101)

Withdrew (n = 3)

Flow diagram of participant enroiment.

Fig. 1.

Table 1. Baseline characteristics of the patients

Characteristic Bovine lactoferrin Placebo

No. patients 97 101

Age (years)! 61 (29-74) 58-{31-74)
Sex {male/female) 53744 55/46

History of interferon therapy 25 29

ALT level QUAY 91 (41-340) 98 {27-250)
HCV RNA level (Ki/mbL)? 378 (8.8-960) 452 (8.0-1560)
HCV serotype (1/2/ND) 7811711 7672213

*Median (range}. ALT, alanine aminotransferase; HCV, hepatitis Cvirus;
ND; not determined.

the two groups would be observed with the planned full
enrollment of 2350 participants, the data monitoring committee
recommended discontinuation of further enrollment. Therefore,
enrollment was stopped on 31 March 2004, at which point 199
participants had been enrolled. Because one patient refused to
patticipate in the study before randomiization, efficacy and safety
were analyzed in the remaining 198 participants (97 bLF and
101 placebo) (Fig. 1). Although three participants in the bLF
group discontinued treatment for reasons other than an adverse
event, the remaining 195 participants completed the scheduled
12 weeks of treatment. The baseline characteristics: of the 198
participants are shown in Table I. There was no significant
difference between the bLF and placebo groups regarding the
prefreatment characteristics including age, sex, serum ALT level and
serum HCV RNA level.

Virclogic efficacy. Virologic response, the primary endpoint,
was assessed in all 198 participants who received at least one
dose of treatment. Virologic response was observed in 14 of 97
participants (14.4%) in the bLF group, and in 19 of 101 (18.8%)
in the placebo group (Table 2). No complete virclogic response
(loss of detectable serum HCV RNA) was seen in either of the
groups. There was no significant difference in the virelogic
response rate with BLF treatment in compamson with the
placebo (—4.4%, 95% CI —14.8, 6.1). Change in the HCV RNA
level at 12 weeks compared with the baseline was assessed in
190 participants (93 BLF group, 97 placebo group), excluding
eight participants for whom HCV RNA data at 12 weeks were
lacking. The change in the mean logarithm of the HCV RNA
level was -0.09 in the BLF group and -0.09 in the placebo
group, indicating no significant difference between the groups
(P = 1.00).

Biochemical efficacy. Biochemical response was assessed in
198 participants. Biochemical response was seen in six of 97
participants (6.2%) in the bLF group, and in four of 101

Ueno et al.

participants (4.0%) in the placebo group (Table 2). No signi-
ficant difference in the biochemical response rate was seen
between the groups (2.2%, 95% CI -3.9, 8.3). Change in the
serum AST level was assessed in 192 participants (93 bLF
group, 99 placebo. group), excluding six participants for whorm
ALT data at 12 weeks were lacking. The change in the mean
logarithm of the ALT level was —0.085 in the bLF group and ~
0.080 in the placebo group, indicating no significant difference
(P=093).

Subgroup analysis. The rates of virologic response with respect
to pretreatment variables are presented in Table 3. Among
participants with a low HCV RNA level (<100 KIU/mL); the
virologic response rate was 29.4% in the bLF group and 15.4%

"in the placebo group, indicating no significant. difference

between the groups (14.0%, 95% CI —-15.2, 43.2). The virologic
responses were also not. different between two groups in other
subgroup analyses such as age, sex and HCV serotype.

Analysis of IL-18 and lymphocytes. The serum concentration of
IL-18 was measured in 73 participants enrolled at the National
Cancer Center Hospital and Osaka Red Cross Hospital (36 bLF,
37 placebo). Figure 2 shows the changes in the mean IL-18
levels in the bLF group and placebo group. The mean IL-18
levels in the bLF and placebo groups were 293.9 pg/ml. and
309.9 pg/dL at the baseline and 280.7 pg/mL and 291.5 pg/mL at
12 weeks, respectively. The corresponding changes in the mean
IL-18 level at 12 weeks were —14S5pg/mb and —159pghml.,
respectively, indicating no significant differerice between the
groups (P = 0.91). Similarly, there were no significant differences
between the groups at any other points during the-study period.
The percentage of lymphocyte was measured in 46 participants
at the National Cancer Center Hospital (bLF 23, placebo 23),
and the results are shown in Fig. 3. The percentage of CD4",
CD8*, CD16" and CD56" peripheral bléod lymphocytes remained
almost unchanged throughout the study in both groups, and the
differences between them were not significant.

Safety. Safety was assessed in 198 participants who received
at least one dose of bLF or placebo during the study. The bLF
treatment was well tolerated, and no serious complications
occurred during the treatment. Although minor adverse events
including neutropenia, Y-GTP elevation and hyperglycemia were
observed in participants treated with bLF, their frequency and
intensity did not differ from those in the placebo group. HCC
was detected in one participant in the bLF group and in one
participant in the placebo group during the study period.

Discussion

The present study was carried out to confirm the anti-HCV
activity of orally administered bLF in patients with chronic
hepatitis €. A virologic response (a 50% or greater decrease in
the serum level of HCV RNA at 12 weeks compared with the
baseline) was observed in 14 of 97 participants (14.4%) in the
bLF group, and 19 of 101 (18.8%) in the placebo group,
the difference between the groups being non-significant. The
virologic responses were not different between two groups
in any subgroup analysis. Furthermore, bLF intake did not
have any favorable effect on the serum ALT level. On the basis of
these results, we concluded that orally administered bLF did not
have any efficacy, including anti-HCV activity, in patients-with
chrenic hepatitis C.

The virologic response rate of 14.4% observed in the bLF
group was somewhat higher than that reported in the previous
dose-finding study,™ in which four of 45 patients (8.9%)
showed a virologic response at the end of bLF treatment. Nev-
ertheless, the current study failed to demonstrate any anti-HCV
activity of bLF, because a similar virologic response rite to that
in the bLF group was seen in the placebo group. Having
designed this randomized study, we assumed that a virologic

CancerSci | 2006 | vol.97 | 3
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Table 2. Virologic and biochemical efficacy

Characteristic Bovine Lactoferrin Placebo Difference (85% Cl) P-yalue
Virologic efficacy

Response rate (%) 14.4 18.8 ~-4.4(-14.8, 6,1}

Change in HCV RNA level -{.09 —-0.09 1.00
Biachemical efficacy

Response rate (%) 6.2 4.0 2.2 (39,83

Change in ALT level* -0.085 -0.080 0.83
Mean logarithm. ALT, alanine aminotransferase; €I, confidence interval; HCV, hepatitis C virus.
Table 3. Virologic response rate as a function of baseline variables

Bovine lactoferrin (n = 97) Placebo (n = 101) Difference
Variable
Response/total % Response/total % % 95% Ci

Age

<B65 years 12/62 19.4 14777 18.2 1.2 ~11.9, 14.2

265 years 2/35 5.7 524 208 -15.1 -33.1, 2.9
Sex

Male 10/53 18.9 10/55 18.2 0.7 ~14.0, 15.3

Female 4/44 8.1 5146 19.6 -10.5 —24.7, 3.8
ALT level

<100 UL 6/57 10.5 7151 13.7 ~3.2 ~15.6, 9.2

2100 UL 8/40 20.0 12/50 24.0 -&.0 =219, 131
HCV RNA level

<100 Kitd/mL 517 29.4 2/13 154 14.0 ~15.2, 43.2

2100 Ki/mL 5/80 11.3 17/88 19.3 ~8.0 =18.8, 2.7
HCV serotype”

1 11/78 14.1 16/76 219 -7.0 ~18.9, 5.0

2 3/18 16.7 2122 8.1 7.6 ~31.4, 28.6

"Hepatitis C virus serotype was not measured in four patients. ALT, alanine aminotransferase; (I, confidence interval; HCV, hepatitis C virus.
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Fig. 2. Changes inthe mean serum concentration of interleukin-18 in
the bovine lactoferrin group (straight line, n'= 36) and the placebo
-group (dotted line, n=37).

response rate of around 5% would be seen in the placebo group
due to spontaneous remission of viral activity. However, con-
trary to our expectation, 19 of 101 participants (18.8%) in the
placebo group showed a 250% decrease in the HCV RNA level
at 12 weeks, indicating that our assumption was inappropriate.
Our results suggested that in order to assess the reduction of
the HCV RNA level, periodic evaluation would be necessary
to exclude the influence of spontaneous fluctiiation of HCV
RNA.

Several experimental studies have suggested that lactoferrin -

has some activity against HCV. Yi er al."% reported that Jactof-
errin binds to the HCV E! and E2 envelope proteins in vitro,
and Ikeda eral ™7 reported that lactoferrin prevents HCV

infection in cultured human hepatocytes. They suggested that
the anti-HCV activity of lactofersin might be due to a neutraliz-
ing efficacy, in which the administered lactoferrin becanie
bound directly to the HCV virion, thus inhibiting adsorption of
the HCV-lactoferrin complex into human hepatocytes. There-
fore, intravenous administration of lactoferrin might improve
the viremic state in patients with chronic hepatitis C. However,
for practical application, administration of lactoferrin directly
into blood does not seem to be a suitable approach because
lactofertin is a large glycoprotein molecule (80 kDa) that may
cause allergic reactions. Therefore, oral administration of bLF
was selected for the present study, even though the metabolism
and mechanism of ingested lactoferrin are yet to be clarified. As
to absorption, it has been reported that intact lactoferrin and its
fragments are present in the urine of human milk-fed preterm
infants.®® However, in adult rats, lactoferrin and its fragments
are not detectable in portal blood after bLF ingestion,® and in
adult humans, the serumi lactoferrin level does not increase after
oral administration of recombinant human lactoferrin.?® How-
ever, several studies have suggested that orally administered
lactoferrin might enhance immune responses via cytokine produc-
tion.®2% It has been reported that oral administration of bLF to
mice enhances the production of IL-18 and interferon-y in the
mucosa of the small intestine, and increases the number of CD4*,
CD8" and NK cells in the small-intestinal epithelium.® Varadha-
chary eral. reported that oral administration of recombinant
human lactoferrin to mice stimulates 1.-18 production from gut
enterocytes, and augments the NK activity of spleen cells and
production of blood CD8" cells.** Furthermore, a recent clinical
study has demonstrated that oral administration of bLF (0.6 g/
day) for 3months in 36 patients with chronic hepatitis C
increased the serum IL-18 level significantly compared with the

doi: 10.1111/].7349-7006.2006.00274.x
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baseline.®® However, our study found no evidence that oral
administration of bLF influences the serum concentration of
1L.-18 or the percentage of CD4*, CD8*, CD16" and CD56* lym-
phocytes. Further investigations are required to clarify the periph-
eral and systemic effects of orally administered lactofertin. In
addition, as many in vitro studies have suggested that lactofer-
rin has direct binding neutralizing efficacy against HCV,#-31
further investigations are needed to devise a means of delivering
lactoferrin or ‘its fragment into the bloodstream safely and
effectively.

Recently, several studies have investigated the value of adding
lactoferrin to interferon therapy for chronic hepatitis C. Hirashima
et al. randomly assigned 21 patients with chronic hepatitis C to
either a consensus interferon plus oral lactoferrin (3.0 g/day)
group or a consensus interferon monotherapy group.® Three of
10 patients in the consensus’ interferon plus lactoferrin’ group
showed & sustained complete virologic response, as did four of
11 patients in the consensus: interferon group, indicating no sta-
tistically' significant difference between the groups. Ishibashi ef al.
conducted a randomized controlled trial to investigate the effi-
cacy of interferon o-2b and ribavirin plus oral lactoferrin (0.6 g/
day) compared with interferon o-2b and ribavirin plus placebo
in 36 patients with chromnic hepatitis C.% A sustained complete
virologic response was séen in six of 18 patients in the Jactofer-
rin group and in five of 18 patients in the placebo group, there
being no statistically significant difference between the groups
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apy would be negative for the treatment of chronic hepatitis C.
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intake did riot have any favorable-effect on the serum ALT level.
These. findings do not suppoit the practical use of eral bLF in
patients with chrofiic hepatitis C.
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Abstract

Background: Helicobacter pylovi infection potently induces
methylation of CpG islands in gasiric mucosae, which is
considered to decrease-to acertain level after active H. pylori
infection discontinues. Noncancerous gasiric mucosae of
H. pylori—negative cases with a gastric cancer had higher
methylation levels than those of H. pylori—negative healthy
individuals. Here, using cases with multiple gastric cancers,
weanalyzed whether the highermethylation levels correlated
with the higher risk of gastric cancers.

Methods: Twenty-six healthy volunteers (HV), 30 cases with
a single well-differentiated gastric cancer (5 cases), and
32 cases with multiple well-differentiated gastric cancers
{M cases) were recruited. H. pylori infection status was
analyzed by the culture method. Methylation levels were
quantified by real-time methylation-specific PCR of seven
CpG islands.

Results: In H. pylori-negative individuals, significant
increasing trends were present in the order of HV, § cases,
and M cases for FLNc and HANDI wmethylation levels
(P < 0.01, Spearman’s rank-order test). Furthermore, the FLN¢
methylation level of M cases was significantly higher than
that of 5 cases (P < 0.01, ¢ test). Even adjusted by the extent of
gastric atrophy, the FLN¢ methylation level retained a
significant increasing trend (P = 0.03). In contrast, methyla-
tion levels in H. pylori - positive individuals were increased to
various degrees in all the three groups.

Conclusions: In H. pylori-negative individuals, methylation
levels in gastric mucosae significantly increased in cases
with a single gastric cancer and more in cases with multiple
gastric cancers. Quantitative analysis of methylation levels is
a promising risk marker for gastric ¢ancers. (Cancer
Epidemiol Biomarkers Prev 2006;15(11):2317-21)

Introduction

Gastric cancer is one of the most common malignancies
worldwide (1). As a novel therapeutic procedure, endoscopic
resection (ER), including both endoscopic mucosal resection
and endoscopic submucosal dissection, is becoming common
not only in Japan but also in western countries (2, 3). ER
preserves a larger portion of the stomach than partial
gastrectomy, and cumitlative incidence of metachronous
gastric cancers reaches as high as 8.5% to 14.0% (4, 5), in
contrast with the incidence of 1.8% to 24% after partial
gastrectomy (6, 7). Therefore, it is important to clarify whether
specific individuals with a very high risk of gastric cancers
develop multiple gastric cancers and, if so, to developa marker
to estimate the risk of individual cases.

The presence of individuals with a very high risk is
indicated by the fact that cases with multiple gastric cancers
have a much higher chance of developing another gastric
caricet than those of cases with a single gastric cancer (8; 9).
To identify these people, markers for multiple gastric
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cancers, such as gastric atrophy (10), microsatellite instability
in cancers (11), and exXpression of brain-type glycogen
phosphorylase in noncancerous gastric mucosae (12), have
been developed. However, their sensitivity and specificity
are not satisfactory, and a more sensitive marker whose
value correlates with the degree of an individual's risk of
cancer is awaited.

We showed recently that Helicobacter pylori infection
induces methylation of various but preferential CpG islands
{CGI) in gastric mucosae (13). Among H. pylori-negative
individuals, methylation levels in noncancerous gastric
mucosae were higher in gastric cancer cases than in healthy
volunteers (HV). H. pylori=positive individuals, those who
are with current, or active, H. pylori infection, had higher
methylation levels than H. pylori-negative gastric cancer
cases, most of whom are expected to have had past H
pylori infection (14). Therefore, it was indicated that current
H. pylori infection potently induces methylation, that the
high' methylation level decreases to a certain level after
active H. pylori infection discontinues, and that the final
methylation level is associated with the risk of gastric
cancers {15).

In this study, to develop a novel risk marker for multiple
gastric cancers, we aimed to clarify that higher methylation
levels in noncancerous gastric mucosae correlate with higher
risks of developing gastric cancers. Risk levels in HV, cases
with a single gastric cancer (S cases) with follow-up longer
than 1 year, and cases with multiple gastric caricers (M cases)
can be considered to be low, high, and very high, respectively
(5, 8, 9), and their methylation levels were quantitatively
analyzed.
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Figure 1. Methylation levels of the seven CGls
in H. pylori —negative HV, S cases, and M cases,
Methylation levels in three sites within the
stomach and their mean values. Trend P values
and correlation coefficients are shown for the
mean values, which were most closely associ-
ated with gastric cancer risk levels. Significant
increasing trends were observed for FLNc and
HANDI by the Spearman’s rank-order correla-
tion test (P = 0.006 and 0.009). Tendency of
increasing trends was observed for THBD and
P4IARC. Even when S and M cases are
compared, FLNc methylation levels showed a
significant increase in M cases (P = 0.009,
t test).
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Materials and Methods

Cases and Biopsy Materials. Twenty-six HV (miale/female,
18/8), 30'S cases (23/7), and 32 M cases {23/9) were recruited
from Jiine 2004 to March 2005 4t the National Cancer Center
Hospital (Tokyo, Japan) under approval of the institutional
review board and with written informed consents. The S and
M cases previously underwent ER for well-differentiated early
gastric adenocarcinoma according to the pre-ER indications,
and curative resection was confirmed using expanded histo-
logic criteria {16). M cases wete defined according to the
criteria of Moertel et al. (17): (a) each lesion is histopatholog-
ically malignant, (b} each lesion is separated fromanother, and
{¢) each lesion is not the result of a local extension or metastasis
of another lesion. Because distinction between “real” 'meta-
chronous gastric cancer and “missed” synchronous gastric
cancer is difficult and has little meaning from the viewpoint of
their risk levels, both of them were classified as M cases. §
cases were defined as those who underwent ER and were
followed up without a new gastric caricer for at least 1 year
(median, 2.4 + 1.9 years; range, 1.0-7.3 years, respectively). HV
were recruited so that their mean age (66.0 years; range, 56-76
years) would match that of M cases (69.5 years; range, 55-77
years) and S cases (69.0 years; range, 55-76 years). Cases with
hereditary cancer synhdromes (hereditary nonpolyposis cole-

A

FLNc

Figure 2. Methylation distribution
and effect of atrophy. A. methyla-
tion levels in the three sites of the
same’ H. pylori—negative individu-
als (n = 35). The FLNc methylation
levels are shown for the three sites.
Some individuals had relatively
homogeneous methylation levels,
but others, especially M cases, had
divergent methylation levels. The
occasienal presence of cases with

Methylation level (%)

rectal cancer, familial adenomatous polyposis, hereditary
diffuse gastric cancers, and Li-Fraumeni syndrome), those
with malignancy of other organs, and those who received
chemotherapy or radiation therapy were excluded based on
clinical history.

By endoscopic biopsy using sterilized biopsy forceps
{Boston Scientific, Natick, MA), gastric mucosa were obtained
from three standard sites: (¢) the lesser curvature at 2 to 3 em
from the pyloric ring (antrum), (b) the lesser curvature at 2 t6 3
cm proximal from incisura angunlaris (middle body), and (¢)
the lesser curvature at 2 to 3 cmn distal to the cardia (upper
body). Cases with any endoscopic abnormal appearance at
biopsy points, such as ulceration; reddish or discolored areas,
deformity, or elevation, were excluded. The samples were
snap frozen immediately and stored at —~80°C. H. pylori
infection status was analyzed by culture of two sites, which are
known to have a sensitivity of 94% and a specificity of 100% for
current infection status (18-20). The endoscopic extent of
gastric atrophy was assessed using the atrophic pattern system
proposed by Kimura et al. (21), which well correlates with the
histologi¢ degree of atrophic-gastritis.

CGIs Analyzed. Seven CGls were selected for methylation
analysis from the eight CGI regions previously analyzed (13).
These included CGls: of FLN¢, HAND1, THBD, HRASLS, LOX

B

divergent methylation levels also
supported that the mean methylation
level best reflects the risk of gastiic
cancer of a specific individual.

B. schematic representation of the
spread of gastric atrophy through
the stomach (21). Each line is a
border between an endoscopically
atrophic dres and nenatrophic area.
C and O are closed-type and open-
type gasiritis, respectively. In C-1,
the atrophic area is Jocalized in the
antral region, and the area expands
in C-2, C-3, 0-1, 0-2, and O-3. In
-3, almost the entire stomach has
atrophy. C. correlation between the
extents of atrophy and gastric
cancer risk levels in H pylori—
negative individuals (+ = 0.52;

Open

Closed

8

o0 oom

i
a.

oG

Mean methylation level of FLNg (%) ©
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P = 0.001). B. comelation between
the extent of atrophy and mean
FLN¢ methylation level in A
pylovi—negative individuals. A
weak correlation was observed
(¥ = 0.36; P = 0.035).

HV
S cases

M cases

. D O O
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2
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2
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Table 1. Correlations between the methylation level and atrophy and between the methylation level and risk levels after

adjustment by atrophy

Extenit of gastric atrophy

Gastric cancer risk levels after adjustment by the extent of gastric atrophy

Correlation coefficient Prend Correlation coefficient* Peena
FLN¢ 0.36 0.035 0.37 0.029
HAND1I 0.34 0.043 0.32 0.06
THBD 0.18 031 0.22 0.21
HRASLS 0.46 0.006 0.04 0.79
LOX 0.08 0.63 0.1 0.57
p41ARC 0.28 0.10 0.22 0.19
vi6 0.09 0.61 ~0:003 0.99

*Spearman's partial correlation coefficients adjusted by atrophy levels.

(up to here is in prometer regions), pd1ARC (exon 8), and
p16 (exon 1). The p16 promoter region was hardly methylated
In our previous study and thus was excluded in this study.

Quantitative Methylation-Specific PCR. Methylation levels
were quantified by real-time methylation-specific PCR as in
our previous report:(13). The methylation level of a sample for
a CGlwas calculated as the fraction of methylated molecules in
the total DNA ‘molecules (number of M molecules + number of
U molecules). The standard DNA for real-time methylation-
specific PCR is available on request.

Statistical Analysis. Methylation levels between S and M
cases were compared by Welch's £ test (two sided). Correlation
between methylation levels and risk levels was analyzed by
the Spearman’s rank-order correlation coefficient (r), and the
effect of gastric atrophy was adjusted by calculating Spear-
man's partial correlation coefficients:

Results

Correlation between Methylation Levels and Gastric
Cancer Risk Levels in H. pylori-Negative Individuals,
Methylation levels of the seven CGls were analyzed for the
three biopsy sites of each case. Because increased methylation
levels in H. pylori —positive individuals are composed of both
permanent and temporary components and de not necessarily
reflect gastric cancer risk {13), we first focused on correlation
between methylation levels and risk levels in H. pylori-
negative individuals (Fig. 1). Methylation levels of FLNc and
HANDI showed significant increasing trends (r = 0.47; Ppeng =
0.006 for FLN¢; Pyeng = 0.44 and 0.009 for HANDT). The THBD
and p4lIARC methylation levels also showed increasing
tendencies (r = 0.32; Pyena = 0.06 for THBD; Pueng = 0.31
and 0.07 for p41ARCY). Even between S and M cases, the FLNc
methylation level was significantly higher in M cases than in
S cases (P = 0.009, Welch’s ¢ test). Interestingly, the methy-
lation level of exon 1 of p16 had no correlation with risk levels
of gastric cancer. These data showed that the methylation
levels of specific CGIs correlate with the risk levels of gastric
caricers.

Comparison of the Three Biopsy Sites and Their Mean
Value. Distribution of methylation levels in three biopsy sites
was scrutinized using FLNe¢ (Fig. 2A), which had the largest
~ correlation coefficient and the smallest trend P value with
gastric cancer risk levels. Some individuals had relatively
similar methylation levels among the three sites, but others,
especially M cases, had divergent methylation levels. This
suggested that different sites of gastric mucosae have different
methylation levels and possibly cancer risks, and gastric cancer
risk of an individual was considered to be most accurately
estimated by the mean values of these sites. This explained the
finding that smaller trend P values were obtained using the
mean methylation levels than those for individual sites.

Association between the Methylation Level and Endo-
scopic Extent of Gastric Atrophy and Their Independent
Predictive Powers. The extent of gastric atrophy (Fig. 2B) is
known to have a correlation with gastric cancer risk (10). Also
in this study, the correlation between the extent of gastric
atrophy and the gastric cancer risk level was confirmed (r =
0.52; P = 0.001; Fig. 2C).

The FLNc methylation level had a weak correlation with the
extent of atrophy ( = 0.36; P = 0.035; Fig. 2D; Table 1). To
examine the independent predictive power of the methylation
level for the gastric cancer risk, we calculated Spearman’s
partial correlation coefficients between the methylation level
and gastric cancer risk levels after adjustment by the extent of
atrophy. The methylation level retained its correlation with the
gastric cancer risk level (r = 0.37; P = 0.029; Table 1). The
HANDI methylation level showed a similar tendency. This
finding indicated that the methylation level of FINc, and
possibly HANDI1, is a promising risk marker for gastric
cancers, independent of gastric atrophy.

Effect of Active H. pylori Infection. In H, pylori —positive
individnals, methylation levels in HV, § cases, and M cases
were increased to various degrees, as in our previous study
(13). The FLNc methylation level in H. pylori—positive HV
individuals (1.9 + 0.6 %) was almost comparable with those
in H. pylori-negative M cases (1.6 + 04). In contrast, HAND]I
(46 £ 0.9), THBD (21.1 + 3.7), HRASLS (23 + 05), LOX
(132 + 2.3), p4IARC (135 + 2.0), and pl6 (3.6 + 0.8) in
H. pylori-positive HV individuals had much higher levels
than those in H. pylori-negative M and § cases. This finding
supported that current, or active, F. pylori infection potently
induces methylation with both temporary and permanent
components and that methylation levels in H. pylori—positive
individuals do not necessarily correlate with gastric cancer risk
levels.

Discussion

Significant increasing trends of FLN¢ and HAND{ methylation
levels in noncancerous gastric mucosae were observed in the
order of HV, 5 cases, and M cases in H. pylori—negative
individuals, those who are without current, or active, H. pylori
infection. Even between the § and M cases, the FLNc
methylation level was significantly higher in the M cases. In
addition, when adjusted by the extent of gastric atrophy, FLN¢
methylation levels retained their increasing trend in the S and
M cases. These findings showed that DNA methylation levels
in the gastric mucosae correlate with gastric cancer risk levels
and that they are good candidates for a risk marker of gastric
cancers. In other words, the so-called “field defect” produced
by past exposure to carcinogens could be detected and
measured using DNA methylation levels as a marker. Now,
a prospective study in gastric cancers is warranted, and
application of the concept to other cancers seems promising.
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Noncancerous gastric mucosae of individuals with active
or current H. pylori infection, whether thev had cancers
or not, showed higher methylation levels than those of
H. pylori-negative S and M cases, most of whom were
considered to have had past exposure to H. pylori (14). This
indicated that high methylation levels induced by H. pylori
infection would decrease after the H. pylori infection
discontinues, as in our previous study (13). The most likely
mechanism was a decrease dué to turnover of gastric
epithelial cells with methylation. Methylation in the infiltrat-
ing lymphocytes was unlikely because peripheral lympho-
cytes did not have methylation of the CGI analyzed (data not
shown). It is known that cells in a gastric gland are renewed
every 3 days by cells supplied from progenitor cells, and
progenitor cells themselves are replaced by those supplied
from a single stem cell with a much longer cycle (22). If we
assume that active H. pylori infection continually induces
methiylation at the level of progenitor cells, their replacement
by fresh progenitor cells without methylation after discontin-
uwation of H. pylori infection explains the decrease of
methylation levels. The methylation level in H. pylori-
riegative individuals is considered to reflect the fraction of
stem cells with methylation and to correlate with gastric
cancer risk (15).

The seven CGIs analyzed showed different levels of
methylation induced by H. pylori infection and association
with risk levels in the §.and M cases. The effect of H. pylori
was prominent in THBD, LOX, and p41ARC but not clear in
FLNc. In contrast, association between methylation levels
and risk levels was clear in FLNc and HANDI followed by
THBD and p41ARC. Especially; the difference between S and
M cases was significant only for FLNc. This suggested that
H. pylori infection induces methylation preferentially in some
CGIs and that the degree of methylation induction in
nonstem cells is also different among CGIs. Low levels of
gene firanscription are an important factor that promote
methylation. of promoter CGlIs (23), and transcription levels
are different among various genes and between stem cells
and nonstem cells. Methylation of genes useful as a risk
marker, such as FLNc, is considered fo occur in association
with that of genes critical for cancer development but to
have a higher rate. If there is a CGI that is methylated
preferentially in stem cells and rarely in progenitor cells due
to low ftranscription in stem cells, such a CGI would be
useful as 4 risk marker.

In summary, the higher DNA methylation levels in gastric
mucosae correlaied with the higher risk levels of gastrie
cancers, and the DNA methylation levels are a promising risk
marker.
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