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Fig. 4. BMD Z-scores for the nine different tertile combinations for (A, B) 25(0H)D and
bone ALP, and {C, I} 25{OH)D and BMI. Paticnts were categorized and then placed into
nine groups based on the tertiles of 25(0HID, bone ALP. and BMI. The group with the
lowest 25{OH)D and highest bone ALP, and the group with lowest 25(CH)D and lowest
BMI were used as the reference groups in each figure. H, high; M, middle; L, low. a:
P~ 005, b; P~0.01, ¢; P<0.001 as compared with the reference group {Dunnett's test).

action of 25(0OH)D on bone metabolism through autofparacrine
actions in osteoblast might explain the mechanism for the association
of 25{OH)D and bone turnover {27}].

One of the limitations of our study was that it was a cross-sectional
observational one, and thus, it was not possible to elucidate the causal
relationship. To truly clarify the contribution of 25(OH)D to CKD-MBD,
a further longitudinal interventional study with 25(0OH)D supplemen-
tation is required. While Ziyad Al-aly et al. performed a retrospective
study that followed this format {28}, they did not have data with
regard to changes in BMD or in bone turnover markers when
administering ergocalciferal to predialysis patients, Hernandez et al.
reported that administration of ergocalciferol completely improved
the clinical symptoms associated with osteomalacia in a young
hemaodialysis patient, despite discontinuation of paricaicitol. In this
patient, reduction of PTH and ALP, an increase in BMD, and a
remarkable improvement in the overall bone histology were observed
{29}, The findings of their case report are in agreement with our
current cross-sectional study.

Intriguingly, in our study, a multivariate analysis showed that 1-84
PTH was positively associated with calcitriol even in the late stages of
CKD, This result is compatible with the physiological role of PTH, which
upregulates 1oe-hydroxylase in the proximal tubules {30]. In fact, in
primary hyperparathyroidism, serum calcitriol levels are usually high
because of this unregulated, elevated hormone |{31]. However, in CKD
patients, 1-84 PTH fails to upregulate 1o-hydroxylase enough, because
of the reduced number of viable nephrons. In hemodialysis patients,
the phosphate load is roughly reflected in the serum phosphate levels,
and the serum phosphate levels are positively correlated with 1-84
PTH {32]. As in the multivariate model that did not include FGF-23, this
positive association also applies to the predialysis patients. However,
after adjustment for FGF-23, the positive association of phosphate with

1-84 PTH was extinguished. Given that FGF-23 is also upregulated by
the oral phosphate load {2,32,33], our results imply that 1-84 PTH can
be upregulated not only by serum phosphate but also by the phosphate
load. Measurement of urinary phosphate or phosphate intake would
likely have revealed this, but we did not measure these levels, which is
another limitation of our study. Acute injections of recombinant FGF-
23 was shown to reduce PTH in rats without renal failure [34).
However, we did not observe a negative association between PTH and
FGF-23. The main reason for this might be that PTH, in turn, can
upregulate FGF-23 [18}]. High PTH even under the condition of
extremely high levels of FGF-23 could be attributed to some FGF-23
resistance of the parathyroid cells due to reduced Klotho expression,
which was previously reported in human primary HPT {35].

Diverse difference of the skeletal sensitivity to PTH across the CKD
stages might explain the reason for the lack of association between 1-
84 PTH and BMD. This difference is possibly due to the down-
regulation of the PTH-1 receptor caused by the uremic toxins {36}, and
is reflected in our finding of a positive association of bone ALP{1-84
PTH with eGFR in the current study. In contrast to osteocalcin, renal
function did not interfere with the levels of bone ALP [37}. Moreover,
our data showed that the postmenopausal high bone turnover state
was also reflected in bone ALP [25]. These should be the main reason
why bone ALP not 1-84 PTH is a determinant of BMD Z-score. A recent
study has found that in hemodialysis patients, full-length biologically
active FGF-23 had no significant correlation with bone mass or bone
turnover markers [38]. This observation was also noted in the
predialysis CKD patients in the present study.

Among the nine groups based on the 25(0H)D and bone ALP, the
mean BMD Z-score was unexpectedly low in the group that exhibited a
low bone ALP and fow 25(0OH)D. In this group, 1-84 PTH was the lowest
among all of the nine groups. Thus, the poor response of this anabolic
hormone to the low vitamin D status might lead to impaired bone
formation, which in turn could lead to the low BMD in this group.

in summary, this study demonstrated the importance of the
vitamin D status in non-diabetic CKD-MBD with regard to il HPT and
BMBD. Since the serum calcitriol level itself was the consequence of the
regulations by endogenous 1-84 PTH and FGF-23, we propose that itis
not the serum calcitriol but its precursor 25(CH)D that should be
monitored in predialysis patients.
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Abstract

Helicobacter pylori infection has been regarded as a major factor associated with the
development of gastric diseases. The characterization of infected H. pylori in
asymptomatic individuals is important for the prediction of the onset of such
diseases. However, because of the difficulty in obtaining gastric biopsy samples,
H. pylori in healthy subjects have not been studied sufficiently. Therefore, we tested
a noninvasive method for the characterization of H. pylori using stool specimens.
This method involved H. pylori antigen detection in stool specimens by immuno-
chromatography; confirmation of H. pylori DNA by real-time PCR that involved
the detection of its 165 rRNA gene in the DNA extracted from stool specimens; and
nested PCR with genotype-specific primer pairs. A total of 80 samples obtained
from asymptomatic subjects were assessed using this method. The results showed
that the prevalence of H. pylori in asymptomatic Japanese individuals was 37.5%.
The detection rate of the virulence factor gene cagA was 18.8%. Furthermore, all
the detected cagA belonged to the highly virulent East-Asian type. These data
suggest that the method used in this study is valuable for studying the molecular

Introduction

Helicobacter pylori has been recognized as a group I carcino-
gen by the International Agency for Research on Cancer,
because infection with this pathogen causes persistent
gastritis and is directly linked to the development of peptic
ulcer, gastric cancer, and gastric lymphoma of the mucosa-
associated lymphoid tissue (Fox & Wang, 2007; Amieva &
El-Omar, 2008). Various virulence factors of H. pylori, such
as VacA, CagA, and urease, have been implicated in the
pathology of H. pylori infection (Maeda & Mentis, 2007).
Among these factors, cagA, which is located in the patho-
genicity island (cagPAI) region, has been identified as a
critical virulence factor with regard to the initiation of
cancer. There are many genotypes of the cagA gene, includ-
ing the East-Asian and Western types. The East-Asian type is
more virulent than the Western type because of its strong
potency in stimulating signal transduction pathways in the
host (Higashi et al., 2002; Hatakeyama, 2006). Therefore,
genotyping of the cagA gene of clinical H. pylori isolates
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epidemiology of H. pylori infection in asymptomatic people.

obtained from patients with a gastric disease has been widely
conducted. In contrast, the genotype of the virulence factors
of H. pylori isolates from asymptomatic individuals has
rarely been qualitatively and quantitatively assessed due to
the difficulty in specimen collection. There are two possible
types of specimens for isolating and characterizing the
infected bacteria in asymptomatic individuals: one is an
endoscopic biopsy specimen and the other is a stool speci-
men. Although using an endoscopic biopsy specimen is
more reliable for isolating the infected H. pylori, this method
of collection has several disadvantages, including unneces-
sary invasion into healthy individuals. Consequently, such
disadvantages render the carrying out of an epidemiological
study difficult, especially with large cohorts. On the other
hand, studies using stool specimens are noninvasive and the
specimens are easy to collect. These advantages facilitate
epidemiological analysis, such as a case—control study, a
factor control study, or a prospective study. However, stool
has not been considered as a good material for the isolation
of H. pylori, because the bacteria might be in a ‘viable but
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nonculturable’ state. In fact, only a few reports have de-
scribed the direct isolation of the bacteria from stool speci-
mens (Kabir, 2001), although many attempts have been
made to isolate the bacteria. In addition, the presence of
inhibitors and the considerable complexity of the bacteria in
stool specimens may also hinder detailed analysis of the
H. pylori genes using molecular biological techniques such
as PCR amplification (Abu Al-Soud & Radstrom, 2000).
Molecular characterization of H. pylori in asymptomatic
individuals is considered as one of the most valuable factors
for predicting the onset of diseases associated with silent
H. pyloriinfection. Therefore, in this study, in order to assess
the virulence of H. pylori, we used a noninvasive genotyping
method for genotyping the cagA gene from stool specimens
of asymptomatic individuals.

Materials and methods

Clinical samples

The study was conducted from July to August 2007 in
Osaka, Japan. Informed consent was given by all partici-
pants. Stool specimens were collected from 80 asympto-
matic volunteers aged 40 vears and above. The research
protocols were approved by the ethics committee of
the Division of Health Sciences at the Osaka University
Graduate School of Medicine (Osaka, Japan).

Detection of H. pylori antigen in stool specimens
and extraction of the bacterial DNA

A commercially available rapid-test kit (Testinate Rapid
Pylori Antigen, BD, Tokyo, Japan) was used for the detection
of the H. pylori antigen catalase (Suzuki et al., 2002) in stool
specimens. The detection was performed by following the
manufacturer’s instruction manual.

Bacterial DNA was extracted from all stool specimens
using the QlAamp DNA Stool Mini Kit (Qiagen, Valencia,
CA) according to the manufacturer’s instructions, with
minor modifications. In brief, bacterial DNA was extracted
from ¢. 1 g of stool specimen and was obtained in a volume
of 200 uL with DNA concentrations of up to 150 ngpuL .
The extracted DNA was stored at — 20 C until further use.

PCR analysis

A solution with an extracted DNA concentration of
50ngul ' or a 10-fold diluted solution of the extracted
DNA was used as a template for all PCR analyses. In order to
detect 165 rRNA gene of H. pylori, real-time PCR was
performed with gene-specific primers, a probe ({Table 1),
and TagMan Universal PCR Master Mix (Applied Biosys-
tems, Foster, CA), according to the manufacturer’s instruc-
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Table 1. Ohgonucleotide primers and probe used for PCR analysis of
Helicobacter pylori 165 rRNA gene and cagA

Gene Primer Primer sequence

16S tRNA gene  Forward  5'-TGC GAA GTG GAG CCA ATC TT-3’
(Yamazaki et al., Reverse  5'-GGA ACG TAT TCA CCG CAA CA-3’
2005) Probe 5'<(FAM) CCT CTC AGT TCG GAT TGT
AGG CTG CAA C (TAMRA)-3’
cagA detection  Forward  5'-GGA ACC CTA GTC AGT AAT GGG
(This study) {common) TT-3’
Reverse  5-AAT TCTTGT TCC CTT GAAAGC CC-3/
(JR)
Reverse  5'-GCT TTA GCT TCT GAT ACC GCT
(WR) TGA -3’
cagA-Western  Forward  5'-AGG CAT GAT AAA GTT GAT GAT-3'
(Yamazaki etal, Reverse  5-AAA GGT CCG CCG AGATCAT-3'
2005)
cagA-East-Asian Forward  5'-AAA GGA GTG GGC GGT TTC A-3'
(Yamazaki et al,, Reverse  5-CCT GCTTGATIT GCC TCATCA-3'
2005)

tion, whereby the existence of H. pylori DNA in the extracted
DNA could be confirmed.

Nested PCR was performed for cagA genotyping. The first
round of PCR was performed with a common forward
primer and any one of the two reverse primers (Table 1).
The PCR conditions were as follows: 95°C for 2min,
tollowed by 40 cycles consisting of 94 -C for 155, 55 °C for
30s, and 68 C for 1 min. The second round of PCR was
then performed with 1 uL of the first-round PCR products
as the template. In second-round PCR, primers specific to
these two types were used in separate reactions. The condi-
tions in the second round of PCR were as follows: 94 C for
2 min, followed by 50 cycles ot 98 "C for 10s and 65 C for
2s. The PCR products were visualized by 2% agarose gel
electrophoresis and staining with ethidium bromide.

Detection limit of PCR for H. pylori DNA in stool
samples

The detection limit of PCR was determined by a spike test.
The cugA genotype-defined clinical isolates of H. pylori were
used for the spike test. A series of 10-fold dilutions of
H. pylori culture in phosphate-buffered saline, ranging from
0to 10> CFU g™ of stool, were added to the antigen-negative
stool samples. The bacterial DNA was extracted from the
stool sample, and the extracted DNA was applied to PCR.

Results and discussion

The prevalence of H. pylori in an asymptomatic Japanese
population has been studied by a serological test (Asaka
el al, 1992; Qsawa ct al, 1996; Fujisawa ef al., 1999;
Yamagata ¢t al., 2000). However, the serological test utilized
in these studies has several disadvantages, for example, it
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Table 2. Summary of the detection of Helicobacter pyfori and genotyp-
ing of cagA

Tested # Positive # (%)

H. pylori antigen test 80 30(37.5)
Real-time PCR

165 rRNA gene 80 26 (32.5)
Conventional PCR

Detection of cagA 80 15(18.8)

Genotyping of cagA 15

East-Asian type 15(100.0)

also detects past and cured infections. In this regard, a novel
detection method that could directly detect the bacterial
antigen in stool specimens using a monoclonal antibody
against H. pylori catalase has been recently developed, and its
sensitivity and specificity are comparable to those of the
breath test (Cardenas et al., 2008). Therefore, we applied this
detection method to assess the prevalence of H. pylori in
asymptomatic Japanese individuals.

It is known that the prevalence of H. pyleri infection
increases with age, and a higher prevalence can be found in a
population aged over 40 years (Asaka et al., 1992). There-
fore, asymptomatic Japanese individuals aged 40 years and
above were selected as a source of stool specimens in this
study. As is evident in Table 2, the H. pylori antigen was
detected in 30 (37.5%) of the 80 specimens collected from
asymptomatic adult individuals. This rate was lower than
that in previous reports, wherein the antigens were deter-
mined using the above-mentioned serological method
(Asaka et al., 1992; Fujisawa et al., 1999; Yamagata et al.,
2000). The reasons for the lower prevalence of H, pylori in
healthy people examined in this study are not clear. How-
ever, it seems that the difference in the present results and
previous reports are probably due to the different detection
methods used; that is, the antigen detection method in the
present study could reveal the active and current H. pylori
infection, while the serological method used in the previous
studies also detected past and cured infection.

In order to determine the genotype of H. pylori in
asymptomatic individuals, a PCR analysis of the virulence
factor gene cagA was performed. Helicobacter pylori DNA
was extracted from all stool specimens. The existence of
H. pylori DNA in the extracted DNA was confirmed by real-
time PCR specific for H. pylori 165 rRNA gene (Yamazaki
et al., 2005). cagA genotyping was achieved by nested PCR
that was specific for either East-Asian or Western type. In
general, it can be expected that the contents of H. pylori
DNA may not be high in the DNA extracted from stool
specimens. In addition, the DNA extracted from stool
samples may not be a good template for PCR because of
the existence of PCR inhibitors and its higher level of
complexity (Cavallini et al, 2000). Therefore, before the
analysis of the DNA extracted from stool specimens, the
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sensitivity of the PCR used in this study was evaluated using
the spike test. The results showed that the detection limit of
the real-time PCR specific for 16S rRNA gene and nested
PCR for cagA genotype was 2.1+£0.1x 10> and 1.0x
10* CFUg ™, respectively. As shown in Table 2, H. pylori 165
rRNA gene was detected in 26 of the 80 extracted DNA
samples from stool specimens. The low detection rate
(32.5%) of H. pylori DNA by PCR was probably due to the
different targets (antigen vs. DNA) used for the detection and
the presence of PCR inhibitors in the extracted DNA samples
(Kabir, 2004). Nevertheless, the results of H. pylori DNA
detection were consistent with a previous report on H. pylori
DNA detection in stool specimens (Monteiro et al., 2001).

After confirmation of the existence of H. pylori DNA, the
virulence factor gene cagA was detected and genotyped. The
cagA gene was detected in 15 (18.8%) of the 80 samples. The
cagA detection rate obtained in this study was relatively lower
than that in the previous studies, which showed detection
rates ranging from 53.8% to 70.8% (Russo et al, 1999;
MacKay et al, 2003; Sicinschi et al., 2003a,b). The reasons
for the low detection rate observed in this study may be due to
the different target population utilized such as healthy people.

The analysis of cagA showed that all of the detected cagA
belonged to the highly virulent East-Asian genotype. That is,
18.8% of Japanese individuals tested were infected with
highly virulent H. pylori. In this regard, our recent study of
cagA genotype in asymptomatic Thai people showed that
the East-Asian genotype was present in < 2% of the
samples tested (unpublished data). Therefore, it seems likely
that the prevalence of the highly virulent East-Asian cagA
genotype of H. pylori in asymptomatic people may differ
across countries. Such a different prevalence, if any, may be
related to the incidence of gastric diseases, including sto-
mach cancer. Nevertheless, it can be conjectured from the
results obtained in this study that a significant number of
Japanese healthy people may be infected with the highly
virulent H. pylori.

Thus, the results obtained in this study indicate that the
method used in this study is useful for the assessment of
H. pylori infections in healthy people.
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Abstract

Background Anemia is a common complication in post-
transplant patients (posttransplant anemia: PTA). We tested
the hypothesis that targeting hemoglobin (Hb) over 13.3 g/
dl by administration of recombinant human erythropoietin
(rHuEPO-ad) has positive impact on quality of life (QOL).
Methods Twenty-four patients, whose initial Hb and
estimated glomerular filtration rate (eGFR) were
10.5 4 0.2 g/dl and 48.5 & 2.7 ml/(min 1.73 m?), respec-
tively, were enrolled in the present study. Physical and
mental QOL in these patients before and after rHuEPO-ad
were acquired and summarized as physical summary sore
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(PSC) and mental summary sore (MSC), respectively, by
the 36-item Short Form (SF-36), an international ques-
tionnaire for analysis of QOL.

Results Before rHuEPO-ad, posttransplant patients
had preserved MSC (54.1 £ 2.3) but impaired PSC
(32.6 + 3.2). rHUEPO-ad for 6 months increased their Hb
to 13.7 & 0.3 g/dl. This was accompanied by improvement
of PSC (49.1 & 2.1: P < 0.01 versus before rHuEPO-ad).
MSC was preserved during rHuEPO-ad (54.4 & 1.6: NS
versus before rHUEPO-ad). There was inverse correlation
between initial PSC or MSC and responses of these
parameters to rHuEPO-ad (PSC, P = 0.007, MSC,
P = 0.009). Patients whose initial PSC was lower than 39.6
or whose initial MSC was lower than 39.4 were expected to
improve their PSC or MSC by more than 10 by rHuEPO-ad.
Conclusions Anemia in posttransplant patients has neg-
ative impacts on their QOL. Scoring mental and physical
QOL by SF-36 in posttransplant patients is useful to
identify groups of patients whose QOL could be improved
by rHuEPO-ad.

Keywords SF-36 - QOL - EPO - Posttransplant

Introduction

Anemia is a common complication in patients with chronic
kidney diseases, including posttransplant patients (post-
transplant anemia: PTA). Prevalence of PTA during the first
5-year posttransplant period has been reported to be 30-40%
[1]. Lower GFR has been identified as the major risk factor
among the various factors for PTA, including low serum
erythropoietin, younger age, female gender, iron deficiency,
systemic illnesses, acute and chronic infections, immuno-
suppressive regimens, and use of angiotensin I converting

@ Springer
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enzyme inhibitor/angiotensin II receptor blocker (ACE-I/
ARB) [2-4]. Impact of PTA on mortality and graft failure in
posttransplant patients has been clearly demonstrated by
Molnar [5], who has shown higher rates of mortality and
graft failure in groups of patients whose hemoglobin (Hb)
levels were lower than 11.0 g/dl. Administration of
recombinant human erythropoietin (rHuEPO-ad) has been
shown to be effective in correcting PTA [6]. In our previous
study, we showed that elevation of hematocrit (Ht) from
31.7 £ 1.9% to 33.6 & 3.6% by rHuEPO-ad in posttrans-
plant patients improved left-ventricular hypertrophy [6]. An
identical conclusion was also reported by Hayashi [7], and
these results may represent the potential benefit of tHuEPO-
ad on the cardiovascular system in posttransplant patients.
In the same study, we investigated the impact of tHUEPO-ad
on QOL of posttransplant patients, scored by the 36-item
Short Form (SF-36) [8], an international questionnaire for
analysis of QOL. To our surprise, rHuEPO-ad failed to
improve QOL in posttransplant patients. This opposes the
established beneficial role of rHuEPO-ad on QOL in sub-
jects with cancer or chronic renal failure [9]. Apparently, a
possible explanation for our negative result is that the tar-
geted level of Ht was not sufficient to improve QOL.
Accordingly, the aim of this study was to test whether
improvement of Hb to 13.3 g/dl by tHuEPO-ad can improve
QOL in posttransplant patients.

Patients, materials, and methods

This was a prospective cohort study on patients recruited
over a 2-month period starting from 1 September 2003,
which included a follow-up period over 6 months. The
subjects were patients who met the following inclusion
criteria: (1) having undergone renal transplantation at the
Department of Urology of Osaka University Medical
School and subsequently followed up at Inoue Hospital, (2)
without serious rejection, defined by resistance to the
conventional treatments and progressive loss of renal
function, (3) with Hb level less than 12.0 g/dl with or
without administration of erythropoietin, (4) with either an
iron saturation level over 16% or a serum ferritin level over
50 ng/ml, and (5) who consented to participate in the study.
The following patients were excluded: (1) those who were
hypersensitive to erythropoietin, (2) those who had a his-
tory of gelatin allergy, (3) women who were pregnant,
breast feeding or had child-bearing potential, (4) those with
severe heart failure, (5) those with nephrotic syndrome or
severe edema, (6) those with severe hypertension that was
resistant to antihypertensive treatments, (7) those with a
history of myocardial or cerebral infarction, or pulmonary
embolism, (8) those with certain predispositions such as
drug allergies, (9) those with serious complications such as

@ Springer

pancytopenia, malignant neoplasms, systemic amyloidosis,
severe infections or severe hemorrhagic lesions, and (10)
those using antipsychotic drugs or with dementia. The
endpoint of the present study was QOL. A self-reported
questionnaire survey (version 2.0 of the Japanese edition
[10, 11] of SF-36) was used to score the QOL before and 3
and 6 months after administration of rHuEPO. The present
study was conducted according to Declaration of Helsinki
principles and was approved by the local ethical committee
of our institution. All patients provided written informed
consent prior to participation.

Treatment

rHuEPO preparation Epoetin-a (Kyowa Hakko Kirin Co.,
Ltd, Tokyo, Japan) was administered subcutaneously at
dose of 6,000 TU once a week in order to increase Hb level
to 13.3 g/dl. For safety, increase of Hb was maintained
below 0.3 g/dl per week. Once Hb reached 13.3 g/dl,
administration of rHuEPO was adjusted within the range of
6,000-12,000 1U once every 2 weeks or 6,000 IU once a
week, as required.

Observations and tests

QOL was evaluated at the start of follow-up, and at 3 and
6 months after the commencement of the study, and the
changes in the eight subscales of SF-36 [physical function
(PF), limitations due to physical problems (RP), bodily
pain (BP), general health perceptions (GH), vitality (VT),
social function (SF), limitations due to emotional problems
(RE), and mental health (MH)] were obtained to calculate
the physical and mental summary score (PSC and MSC) to
evaluate improvement of QOL by administration of
rHuEPO. Hemoglobin (Hb) and serum creatinine (sCr)
were also measured and eGFR was calculated at time of
QOL evaluation. sCr was measured by enzymatic method,
and GFR-estimating equations for Japanese eGFR, i.e.,
eGFR [ml/(min 1.73 m%)] = 194 x sCr™ 19 x age =027
x 0.739 (if female), were applied to calculate eGFR in this
study [12]. Differences in laboratory findings were tested
by one-way analysis of variance (ANOVA) (repeated).
»* values given by correlation analysis of two factors were
converted to P value according to sample numbers. Results
are expressed as mean =% standard error on the mean
(SEM) and P < 0.05 was considered significant. All anal-
yses were performed using SAS software version 6.12,

Results

Twenty-four patients were recruited and analyzed in the 2
months from 1 September to 31 October in 2003. The
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patients included 12 men and 12 women with mean age of
36.6 4= 2.2 years (27-59 years) and whose mean time since
renal transplantation was 7.1 % 0.8 years (5.0-20 years).
Mean Hb before administration of rHUEPO (rfHuEPO-ad)
was 105+ 0.2 g/dl and improved significantly to
13.7 & 0.6 g/dl after 3 months of rHuEPO-ad (P < 0.01).
Thereafter, values were maintained throughout the rest of
the observation period (6 months: 13.7 & 0.3 g/dl;
P < 0.01 versus before, NS versus 3 months). Mean serum
creatinine (sCr) and eGFR before rHuEPO-ad were 1.30 %
0.07 mg/dl and 48.5 £+ 2.7 ml/(min 1.73m?), respectively,
and were not affected by rHuEPO-ad (Table 1). Among
the eight subscales of SF-36, posttransplant patients had
preserved body pain (BP: 49.3 £ 2.4), vitality (VT:
52.4 + 2.6), general health perception (GH: 47.5 & 1.4),
and mental health (MH: 48.5 + 2.8), but impaired physical
function (PF: 45.3 = 2.6), limitations due to physical
problem (RP: 30.7 £ 4.0), limitations due to emotional
problems (RE: 34.6 & 4.3), and social function (SF:
39.8 4 3.1) (Fig. 1). The summary scores calculated from
these eight subscales showed preserved mental summary
score (MSC: 54.1 £ 2.3) but impaired physical summary
score (PSC: 32.6 + 3.2) (Fig. 2). No correlation was found
between initial Hb and initial PSC or MSC (data not
shown). Three months of rHuEPO-ad improved PCS,
accompanied by improvement of PF, RP, SF, and RE
(Figs. 1, 2). Thereafter, scores were maintained throughout
the rest of the observation period. There were no correla-
tions between initial PSC and initial MSC, or between
changes in PSC and MSC with rHuEPO-ad, which dem-
onstrates the independence of these two parameters (Fig. 3).
Interestingly, inverse correlation was observed between
initial PSC or MSC and their responses to rHuEPO-ad for
6 months (Fig. 4). Accordingly, patients whose initial PSC
was lower than 39.6 or whose initial MSC was lower than
39.4 were expected to improve their PSC or MSC by more
than 10 after rHuEPO-ad. When patients were divided into
two subgroups (group A: initial PSC > 39.6, n = §;
group B: initial PSC < 39.6, n = 16), rHuEPO-ad signifi-
cantly improved PSC in group B, whereas it failed to show
any impact in group A (Fig. 5a). Only two patients had
MSC lower than 39.4, which was not sufficient for further
analysis (Fig. 5b).

Table 1 Hemoglobin, serum creatinine, and eGFR

Discussion

We investigated the effect on QOL of increase of Hb over
13.3 g/dl by rHUEPO-ad in anemic posttransplant patients.
As shown in Table 1, we successfully improved Hb to over
13.3 g/dl by rHuEPO-ad in this study. Although the initial
level of Ht did not correlate with initial QOL in agreement
with the previous study [13], significant improvements of
physical QOL were observed after increase of Hb over
13.3 g/dl. No relationships were observed among magni-
tude of correction of Hb and degree of improvement of
PSC or MSC. The clear contrast between the present study,
which succeeded in improving QOL by rHuEPO-ad, and
our previous study, which failed to improve QOL by
rHuEPO-ad [6], demonstrates the importance of the target
level of Hb for QOL in posttransplant patients. In our
previous study, target level of Ht (33-36%, corresponding
to Hb of 11.0-12.0 g/dl) was determined on the basis of
The National Kidney Foundation Kidney Disease Out-
comes Quality Initiative (NKF-K/DOQI) recommendation
and related factors [14], but this recommendation is
developed for chronic renal failure subjects including those
on hemodialysis and may not be sufficient to improve QOL
of transplant patients, probably due to the positive impact
of renal transplantation itself on QOL [15]. This idea is
supported by the study of Ogutmen [16], which showed
better QOL in transplant patients than in hemodialysis or
peritoneal dialysis patients.

Although the present study demonstrated the positive
impact of rHuEPO-ad on QOL, negative aspects of this
treatment have also been reported in recent studies.
Accordingly, in patients with chemotherapy-induced ane-
mia, rHuEPO-ad increases risk of thromboembolic events
and hypertension [9]. rtHuEPO-ad also increases risk of
cardiovascular events in anemic subjects with renal insuf-
ficiency [17]. We did not record any vascular embolic side-
effects in the present study. We also did not record adverse
effects on renal function (Table 1). Furthermore, it has been
speculated from recent study that cardiovascular side-effects
of rHUEPO-ad might be specific to subjects who are resistant
to tHUEPO therapy [18]. However, we cannot neglect the
potential risk of vascular embolism due to the higher target
level of Hb. One strategy to minimize this risk is

Total (n = 24) Baseline (BL) After 3 months After 6 months P value
3M (6 M)
BL versus 3 M BL versus 6 M 3 M versus 6 M
Hb (g/dD) 105 £ 02 137 £ 0.6 13.7 £ 0.3 P <001 P <0.01 NS
sCr (mg/dl) 1.30 + 0.07 1.28 £ 0.07 1.27 £ 0.07 NS (by ANOVA)
eGFR [ml/(min 1.73 m?)] 485 + 2.7 49.1 £ 25 497 £ 2.6 NS (by ANOVA)
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Fig. 1 The eight subscales of SF-36 in posttransplant patients before
and after administration of rHuEPO. a physical function (PF), b
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Fig. 2 Calculated physical (a) and mental summary scores (b) in
posttransplant patients before and after administration of rHuEPO

identification of the groups of subjects whose QOL may or
may not be improved by rHuEPO-ad. If rHuEPO-ad could
be applied only to QOL responders, this would not only
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reduce the risk of side-effects due to unnecessary rHuEPO-
ad, but would also have a beneficial impact on medication
cost. In the present study, we identified that improvement of
QOL by rHuEPO-ad is highly dependent on initial level of
QOL before rHuEPO-ad (Fig. 4). The correlation study
indicated that rHuEPO-ad is expected to improve PSC or
MSC by more than 10 when initial PSC is lower than 39.6 or
initial MSC is lower than 39.4. Indeed, the group of patients
whose initial PSC was lower than 39.6 showed significant
increase in PSC with rHuEPO-ad, whereas those who had
initial PSC higher than 39.6 failed to show improvement of
PSC with rHuEPO-ad. Although further investigations are
necessary to conclude the exact values of initial PSC and
MSC that can predict QOL responders, the present study
firstly identifies the usefulness of QOL scoring of post-
transplant subjects by SF-36 for the prediction of QOL
responders with rHuEPO-ad. The limitation of this study is
the small number of samples (n = 24) and the short period
of observation (6 months), and further investigations are
necessary to conclude the impact of rHuEPO-ad on QOL and
safety of tHuEPO-ad in posttransplant patients.
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In conclusion, anemia in posttransplant patients has
negative impacts on their QOL. Scoring of posttransplant
patient’s QOL by SF-36 is useful to identify the group of
patients whose QOL will be improved by administration
of rHuEPO. Posttransplant anemic patients whose initial
PSC was lower than 39.6 or whose initial MSC was lower
than 39.4 are strongly expected to experience improved
QOL by targeting Hb over 13.3 g/dl by administration of
rHuEPO.
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Recent investigations have suggested that CagA, a virulence factor of Helicobacter pylori and
known to have multiple genotypes, plays a critical role in the development of stomach cancer.
However, the prevalence of cagA-positive H. pylori strains and the cagA genotypes have not been
well studied in healthy individuals because of the difficulty in collecting gastric specimens. In the
present study, we assessed the prevalence of infection with H. pylori, particularly the strains with
the East Asian cagA genotype (which is more potent in causing gastric diseases), among healthy
asymptomatic Japanese individuals by a noninvasive method using stool specimens. The H. pylori
antigen was detected in 40.3 % of healthy asymptomatic adult individuals (n=186) enrolled in the
study. For the detection and genotyping of the cagA gene, DNA was extracted from the stool
specimens of these individuals and analysed by PCR. We detected the East Asian cagA genotype
in the DNA samples of a significantly high number (63.1 %) of healthy asymptomatic Japanese
individuals. These results indicate that a significant number of asymptomatic healthy Japanese
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individuals were infected with highly virulent H. pylori.

INTRODUCTION

The significance of various virulence factors of Helicobacter
pylori has been studied with regard to the pathology of
gastric diseases, such as peptic ulcers and gastric cancer.
Among these, CagA is one of the well-studied virulence
factors of H. pylori. The CagA protein is classified into two
major types — the East Asian type and the Western type ~
depending on the combination of the four domains (A, B,
C and D) present on the variable region of the C-terminal
domain of this protein (Higashi et al., 2002a; Yamaoka
et al., 2000b). Each domain contains a single Glu-Pro-Ile-
Tyr-Ala (EPIYA) motif (Covacci et al, 1993). Recent
studies have revealed that EPIYA motifs are potential
targets of the Src family of protein tyrosine kinases.
Furthermore, of the four EPIYA motifs in each domain,
EPIYA-D of the East Asian CagA protein has a stronger
transforming activity than that of the Western type because
of the stimulation of signal transduction cascades (Higashi
et al., 2002b; Naito et al., 2006). Therefore, the East Asian
CagA is more virulent than the Western type, which
contains the EPIYA-C domain. In addition, it has been
reported that the East Asian CagA probably plays a more
effective pathophysiological role than the Western type in
the development of gastric diseases caused by H. pylori
infection (Azuma, 2004). Therefore, extensive genotyping

of the cagA gene has been carried out in many countries
using H. pylori strains clinically isolated from patients with
gastric diseases (Devi et al., 2006; Kanada et al, 2008;
Vilaichone et al, 2004; Yamaoka et al, 2000b, 2008;
Yamazaki et al., 2005b).

In contrast, there have been only few studies on the
different cagA genotypes of H. pylori in healthy asympto-
matic individuals, mainly because of the difficulty in
collecting gastric biopsy samples from healthy individuals
(Chattopadhyay et al., 2002; Molnar et al., 2008; Yamaoka
et al, 2000a). Therefore, we established a genotyping
method that involves the use of stool specimens, which
were collected from healthy asymptomatic individuals
(Hirai et al.,, 2009). In the present study, we determined
the incidence of H. pylori infection by using a noninvasive
method to analyse stool specimens and detected the East
Asian cagA genotype in healthy asymptomatic Japanese
individuals.

METHODS

Participants and stool specimens. This study was conducted in
Osaka, Japan, from June 2007 to October 2007. Initially, a total of 235
individuals were enrolled in this study. These individuals were
screened for age (>39 years) and medical history. The exclusion

010934 © 2009 SGM Printed in Great Britain
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criteriaincluded any antibiotic treatment in the past 3 months,
eradication therapy for H. pylori, and a confirmed diagnosis of
digestive tract discases. Finally, 186 individuals (65 women, 121 men;
age range 40-63 years) participated in this study. Stool specimens
were collected from the participants, and they were also asked to fill
out questionnaires. This study was approved by the ethics committee
of the Osaka University Graduate School of Medicine, Osaka, Japan.

Detection of the M. pylori antigen and DNA extraction. The
individuals’ stool specimens were tested for catalase, i.c. an H. pylori
antigen, by immunochromatographic analysis using a commercially
available rapid test kit (TestMate Rapid Pylori Antigen; BD Japan),
according to the manufacturer’s instructions (Cardenas ef al., 2008;
Suzuki ef al, 2002). The detection limit of this kit is 18.8 ng ml ' of
protein concentration {equivalent to 10°-10" bacterial cells ml ).
Bacterial DNA was extracted from stool specimens that tested positive
for the H. pylori antigen using the QIAmp DNA stool mini kit
(Qiagen) according to the manufacturer's instructions with the
following minor modifications, Approximately 1 ¢ of cach stool
specimen was suspended in 3.0 ml ASL buffer (supplied in the kit).
After mixing the suspension, approximately 1.2 ml of the supernatant
was used for DNA extraction. The extracted DNA was dissolved in
200 pl AE buffer (supplied in the kit) and stored at =20 C until
further use.

PCR analysis. All PCR analyses were performed according to
methods described in a previous report (Hirai e al, 2009). The
sequences of the primers and the probe used in this study are shown
in Table 1. For the template, we used a solution containing 50 ng
DNA il * or a 10-fold dilution of the DNA sample (approx. 5-10 ng
ul''}, which minimized the effect of the inhibitors possibly present in
the solution. We performed real-time PCR to detect the 165 rRNA
gene of H. pylori. In order to detect the East Asian cagA genotype,
nested PCR was performed using genotype-specific primers. We
performed two rounds of PCR. The first round was performed using a
common forward primer (F1) and cither of the two reverse primers
(R1 or R2) (Fig. b, ¢}. The PCR cycling conditions for the first round
were as follows: 95 C for 10 min, then 40 cycles at 94 C for 15 s,
55 Cfor 30 sand 68 C for 30 s. The second round was performed
using 1 pl of the PCR products obtained in the first round as the
template. In the second round, primers specific to these two types
were used in separate reactions. The cycling conditions of the second
round of PCR were as follows: 94 C for 2 min, then 30 cycles at
98 C for 10s and 63 C for 30s. The PCR products were
electrophoresed on a 2% agarose gel and visualized by cthidium
bromide staining.

Data analysis. All results were analysed by 77 analysis. The level of
statistical significance was set at P <(.05.

RESULTS AND DISCUSSION

Prevalence of H. pylori

In Japan, there has been a considerable increase in the
incidence of gastric cancer in middle-aged individuals
(Yoshida et al, 2006); hence, for this study, middle-aged
and older individuals who did not exhibit any subjective
symptoms and had not received medical treatment in the
previous 3 months were enrolled. The age distribution of
the 186 participants enrolled in this study is shown in Table
2. Of the 186 participants, 75 (40.3 %) tested positive for
the H. pylori antigen (Table 3). The incidence of H. pylori
infection in each age group ranged from 33.3 to 51.2 %; no
significant difference was observed among the age groups
in this regard (Table 2).

The study revealed that a certain number of healthy
asymptomatic Japanese individuals who were older than 39
years were infected with H. pylori; this was directly
determined using the individuals’ stool specimens.
However, previous studies that employed the serological
method reported higher incidences (70-80 %) of H. pylori
infection among individuals who were =40 years old
(Asaka et al, 1992; Fujisawa et al,, 1999; Yamagata et al.,
2000). It is likely that the difference between the present
results and those reported by previous studies may be
attributable to the different detection systems employed in
these studies. The serological method may tend to yield a
relatively higher infection rate than the antigen detection
method using stool specimens because the serological
method also detects past and cured infections. It has been
shown that the sensitivity and specificity of the antigen
detection method used in this study are comparable to
those of the breath test, which is widely used as a standard
method for the detection of H. pylori infection (Cardenas et
al., 2008).

Detection of the H. pylori 16S rRNA gene

Total bacterial genomic DNA was extracted from stool
specimens that tested positive for the H. pylori antigen. In
order to confirm the existence of H. pylori genomic DNA
in the extracted DNA, real-time PCR was performed using

Table 1. Oligonucleotide primers and a probe used for PCR analysis

Gene Primer/probe Sequence Reference
165 rRNA Forward 3-TGC GAA GTG GAG CCA ATC TT-3 Yamazaki et al. (2005a)
Reverse 5-GGA ACG TAT TCA CCG CAA CA-3' Yamazaki e al. {2005a)
Probe 5'-(FAM) CCT CTC AGT TCG GAT TGT AGG CT'G CAA C (TAMRA)-3' Yamazaki et al. (2005a)
cagA F1 5-GGA ACC CTA GTC AGT AAT GGG TT-3' Hirai et al. (2009)
F2 5-CCA ATA ACA ATA ATA ATG GAC TCA A-3 This study
R} 3-GCT TTA GCT TCT GAT ACC GCT TGA-3' Hirai et al. (2009)
R2 3-AAT TCT TGT TCC CTT GAA AGC CC-3' Hirai et al. {2009)
EA-F 53"-AAA GGA GTG GGC GGT TTC A-3 Yamazaki et al. (2005a)
EA-R 53-CCT GCT TGA TTT GCC TCA TCA-3' Yamazaki et al. {2005a)
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primers targeting the 165 rRNA gene (Yamazaki et al,
2005a). The detection limit for the 16S rRNA gene was 10
copies pg™'. As shown in Table 3, the 165 rRNA gene was
detected in 65 of 75 (86.7 %) DNA samples obtained from
stool samples that tested positive for the H. pylori antigen.
This high detection rate indicated that the method used for

Table 2. Prevalence of H. pylori infection and the ratio of the
East Asian cagA genotype in the age groups

Age No. No. antigen No. East Asian
group tested positive (%)  genotype positive (%)
40—45 35 20 {36.4) 8 (14.5)
46-50 42 16 (38.1) 11 (26.2)
51—55 42 16 (38.1) 7 (16.7)
56—60 41 21 (51.2) 13 (31..7)

>60 6 2 (33.3) 2(33.3)

DNA extraction was effective. In addition, H. pylori DNA
was detected in fewer than 5% of the DNA samples
extracted from randomly selected stool specimens that
tested negative for the H. pylori antigen. These findings
indicate that the results of the present study revealed the
prevalence of H. pylori infection in all the study participants.

Table 3. Summary of H. pylori antigen, DNA and cagA
detection

No. tested No. positive

(%)
H. pylori antigen test 186 75 (40.3)
Real-time PCR 16S rRNA 75 65 (86.7)
Genotyping of cagA East Asian 65 41 (63.1)

genotype

http://jmm.sgmjournals.org
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Detection of the East Asian cagA genotype

The East Asian cagA genotype was detected by performing
nested PCR using the DNA samples extracted from the
participants’ stool specimens {Fig. 1b, <). First, using two
pairs of gene-specific primers, we amplified a region at the
3'-end of the cagA gene that codes for multiple EPIYA
phosphorylation motifs. Next, we confirmed the presence of
the East Asian cagA genotype by performing two separate
rounds of PCR using specific primer pairs (F2+EA-R and
FA-F+R3). As shown in Fig. 1(c), the specificity of the
detection method was confirmed by using H. pylori strains
with the East Asian cagA genotype as a reference. The East
Asian cagA genotype was detected in 41 of 65 (63.1%)
genomic DNA samples of H. pylori (Table 3). The incidence
of cagA-positive H. pylori ranged from 40.0 to 100.0 % across
all age groups (Table 2). There was no significant difference
between the age groups, except for the group comprising
individuals aged >60 years, because of the small sample
number of participants in this age group.

The results of the present study indicated that 22,0 % of the
healthy asymptomatic Japanese individuals participating in
the study may be infected with the highly virulent H. pylori
strain. A considerably higher number of healthy individuals
were found to have infection with the highly virulent East
Asian cagA-positive H. pylori in Japan than in Thailand
[where 2.8% (5/179) healthy asymptomatic individuals
were positive for the highly virulent H. pylori infection;
unpublished data]. The cause of the highly virulent H.
pylori infection in a considerably high number of
asymptomatic  Japanese individuals is  unknown.
However, in a recent report, it has been suggested that
(1) the geographical distribution of H. pylori strains
harbouring a certain virulence factor genotype and (2)
the incidence of cancer are responsible for the high
incidence of H. pylori infection among asymptomatic
Japanese individuals (Yamaoka et al, 2008). The findings
of Yamaoka et al. (2008) were based on genotype analysis
of H. pylori strains that were clinically isolated from
patients; however, their finding of a high incidence of
gastric cancer in countries where the East Asian CagA is
predominant is in agreement with the result obtained in
our study.

A recent study showed that the eradication of H. pylori
significantly suppressed the development of metachronous
gastric cancer (Fukase et al., 2008). The report does not
directly suggest that the eradication of H. pylori infection in
healthy asymptomatic individuals will suppress the onset of
gastric cancer in the future, but it highlights the
significance of H. pylori infection in gastric cancer
development. Therefore, a silent infection with a highly
virulent strain of H. pylori, such as one with the East Asian
cagA genotype, in healthy individuals may be a critical
public health issue in the prevention of gastric cancer.

To our knowledge, this is the first report on the prevalence
of H. pylori infection among healthy asymptomatic
Japanese individuals that describes results that were

directly revealed by genetic analyses. We found a relatively
high incidence of infection with the highly virulent H.
pylori strain among asymptomatic adult Japanese indivi-
duals. Further investigations with a larger number of
participants are required to determine precisely the
significance of H. pylori with a virulence factor genotype
in the development of gastric cancer.
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