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Classification of FD by bowel symptoms

20-65 year-old subjects who pre-registered for clinical trial program

n = 8039 (3463 men, 4576 women)

Subjects who completed the web survey questionnaire

No diagnosis of functional dyspepsia

based on Rome lli criteria

Yes

I Uninvestigated dyspepsia n = 463 (58%”

! Organic disease n = 377(4.7%) T
‘no dyspepsia’ controls ‘FD’ cases
n = 6635 (82.5%) n =563 (7.0%)
‘PDS alone’ ‘EPS alone’ ‘PDS and EPS’
n =379 (4.7%) n =62 (0.8%) n=122 (1.5%)
Figure 1 The study population.
Table 1 Participant characteristics
Uninvestigated Organic P value
All Non-dyspepsia D dyspepsia disease (non-dyspepsia
{n = 8038) (n = 6635) (n = 563) (n = 463) (n=2377) vs FD)
Age
Mean = SD (years) (Mean + SD) 40.8 + 9.7 409 + 9.8 42.8 + 7.8 34.4 £9.0 44.0 + 8.7 <0.001*
20-29 [No. (%] 1028 842 ({12.7) 21 (3.7) 148 (32.0) 17 (4.5)
30-39 [No. (%] 2639 2183 (32.9) 157 (27.9) 199 (43.0) 100 (26.5)
40-49 [No. (%)] 2894 2372 (35.7) 282 (50.1} 80 (17.3} 160 (42.4)
50-59 [No. {%}] 1201 999 (15.1) 90 (16.0) 33(7.1) 79 (21.0)
60-65 [No. (%]] 276 239 (3.6) 13 (2.3) 3(0.6) 21 (5.6}
Gender [No. {%]]
Men 3462 2920 {44.0) 228 (40.5) 142 (30.7) 172 (45.6) 01117
Women 4576 3715 (56.0) 335 (59.5) 321 {69.3) 205 (54.4)
Smoking habit [No. {%)] (number of consumptions per day}
None (0} 5924 4947 (74.6) 392 {69.6) 332 (71.7) 253 (67.1) 0.037°
Light (1-15) 1062 848 (12.8) 85 {15.1) 74 (16.0) 55 (14.6)
Heavy (>16) 1052 840 (12.7) 86 {15.3) 57 (12.3) 69 (18.3)
Alcohol habit [No. (%]] {number of days of consumption per week)
None (0} 2743 2281 (34.4) 181 (32.1} 159 (34.3) 122 (32.4) <0.001
Light (1-3) 2956 2482 (37.4) 178 (31.6) 186 (40.2) 110 (29.2)
Heavy (4-7) 2339 1872 (28.2) 204 {36.2) 118 (25.5) 145 (38.5)
BMI (kg m~2) (Mean = SD) 22.6 + 3.9 22.7£39 22.2 + 3.8 21.7 3.9 22.6 + 4.5 0.008*

BMI, body mass index; FD, functional dyspepsia.
*Analyzed by unpaired Student’s t-test.
fAnalyzed by Pearson’s Chi-squared test.

in ‘PDS alone’ group (22.1 + 3.7 kg m™2) than in non-
dyspepsia (22.7 + 3.9 kg m™2, P = 0.003). This suggests
that participants with PDS alone may avoid food
because it precipitates their symptoms.

© 2012 Blackwell Publishing Ltd

The differences between FD cases and non-dyspepsia
controls in the average scores of the 15 GI symptom
assessed by GSRS were compared using unpaired
Student’s t-test. All of the 15 GI symptoms were
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significantly more severe in FD cases than in non-
dyspepsia controls (See Table S1 online). Scores in
participants with uninvestigated dyspepsia or organic
disease were also higher than in non-dyspepsia. These
results showed that not only upper GI symptoms, but
also bowel symptoms and esophageal symptoms were
more severe in participants with dyspepsia.

Factor analysis

Factor analysis revealed that the 15 items could be
reduced to three GI symptom factors, namely factor
EGD (esophagogastroduodenal symptoms), factor C
{constipation), and factor D (diarrhea) (Table 2). Factor
EGD mainly reflects the severity of upper GI
symptoms, such as heartburn, abdominal pains, and
abdominal distension. Factor C reflects constipation-
related symptoms. Factor D reflects diarrhea-related
symptoms.

To examine potential associations between demo-
graphic factors (exposure variables) and the three
symptom factors (outcome variables), linear regression
analyses were pérformed (See Table S2 online). Youn-
ger age was associated with increased scores of all three
symptom factors. Factor EGD and factor C scores were
greater in women, whereas factor D scores were greater
in men. Smoking was associated with factor EGD score
in a dose-dependent manner. Heavy smoking was also
associated with factor D score. Heavy alcohol con-
sumption positively associated with factor EGD and

Table 2 Factor loading of the severity of 15 gastrointestinal symptoms
(n = 8038)

Factor

EGD Factor C Factor D
Heartburn 0.718 0.139 0.132
Acid regurgitation 0.701 0.092 0.165
Abdominal pains 0.681 0.157 0.150
Sucking sensations in the 0.651 0.200 0.166

epigastrium

Nausea and vomiting 0.591 0.169 0.228
Abdominal distension 0.555 0.335 0.181
Eructation 0.498 0.233 0.218
Borborygmus 0.396 0.314 0.276
Increased flatus 0.306 0.399 0.280
Feeling of incomplete evacuation 0.251 0.624 0.307
Urgent need for defecation 0.237 0.192 0.668
Increased passage of stools 0.227 0.064 0.835
Loose stools 0.209 0.088 0.818
Hard stools 0.188 0.772 0.047
Decreased passage of stools 0.161 0.820 0.010

Bold values indicate the loading values of higher than 0.5 for each
symptom factor.

Factor EGD: the severity of upper gastrointestinal symptoms.
Factor C: the severity of constipation-related symptoms.

Factor D: the severity of diarrhea-related symptoms.
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factor D scores; conversely it was inversely correlated
with factor C score. BMI was inversely associated with
factor C score.

Cluster analysis

Cluster analysis based on the three symptom factor
scores showed that FGIDs could be categorized into
three clusters, namely cluster nCnD (non-constipation
and non-diarrhea), cluster C (constipation), and cluster
D (diarrhea). Cluster C was characterized by high
scores of factor C (factor EGD 0.31; factor C 1.31; factor
D -0.38). Cluster D was characterized by high scores of
factor D (factor EGD 0.28; factor C -0.08; factor D
1.34). Cluster nCnD was not associated with any of the
three symptom factors (factor EGD -0.22; factor C
-0.43; factor D —0.39). The scores of the three symp-
tom factors are plotted on the 3D coordinate systems to
illustrate the distribution of three clusters in Fig. 2.

Based on the result of cluster analysis, FD cases and
non-dyspepsia controls could be categorized into three
clusters. Among 6635 non-dyspepsia controls, 4101
(61.8%) were categorized to cluster nCnD, 1218
(18.4%) were to cluster C, and 1316 (19.8%) were to
cluster D. On the other hand, among 563 FD cases, 217
(38.5%) were categorized to cluster nCnD, 160 (28.4%)
were to cluster C, and 186 {33.0%) were to cluster D.
Multivariable logistic regression analysis revealed that
both cluster C and D were significantly associated with
the presence of FD (Table 3). Association between
cluster C and FD were almost same level as association
between cluster D and FD, suggesting that constipa-
tion and diarrhea were equally contributed to the onset
of FD.

The prevalence of PDS or EPS was similar among the
three symptom clusters: 217 FD participants in cluster
nCnD were 146 (67.3%) with PDS alone, 26 {12.0%]
with EPS alone, and 45 (20.7 %) with both PDS and EPS;
160 in cluster C were 113 (70.6%) with PDS alone, 16
{10.0%) with EPS alone, and 31 {19.3%} with both PDS
and EPS; 186 in cluster D were 120 (64.5%) with PDS
alone, 20 {10.8%) with EPS alone, and 46 (24.7%) with
both PDS and EPS. This illustrates that overlap of
constipation or diarrhea was not associated with the
presence/absence of PDS or EPS. In ‘PDS alone’ and
‘PDS and EPS’ groups, factor EGD score was higher in
cluster C or D than in cluster nCnD. These results
showed that upper GI symptoms, such as reflux or
dyspepsia, were more severe in participants with bowel
symptoms than without bowel symptoms especially in
participants with PDS. On the other hand, in ‘EPS
alone’ group, factor EGD score was not significantly
different among the three symptom clusters (Fig. 3).

© 2012 Blackwell Publishing Ltd
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Figure 2 Distribution of cluster nCnD, cluster C, and cluster D. The
3D spatial distribution of overall 8038 participants (A} and 563 func-
tional dyspepsia participants (B} with three symptom factor scores
derived from factor analysis showed that the three symptom clusters
were well separated.

Demographic factors in FD cases were significantly
different between the three clusters (See Table S3
online). As there was a greater proportion of women
in cluster C, subsequent analyses were examined for
each gender separately. In both genders, alcohol

© 2012 Blackwell Publishing Ltd
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consumption was associated with cluster nCnD and
cluster D, but not with cluster C. In women, lower
BMI was associated with cluster C.

DISCUSSION

This population based, large-scale cross-sectional study
was conducted to identify GI symptom clusters in
FGIDs. Cluster analysis in the present study revealed
that all FGIDs, including FD, could be subcategorized
based on concomitant bowel symptoms. As IBS is
classified as constipation predominant IBS (IBS-C),
diarrhea predominant IBS (IBS-D), and mixed IBS {IBS-
M) in Rome III criteria,’! FD could be categorized into
three clusters: absence of bowel symptoms (cluster
nCnD), constipation predominant (cluster C), and
diarrhea predominant (cluster D). Esophageal reflux
symptoms, postprandial distress, and epigastric pain
symptoms could not be separated using factor analysis,
suggesting that overlaps between functional esopha-
geal disorders, PDS, and EPS occur frequently. Classi-
fication of FD based on concomitant lower GI
symptoms is a novel concept and may improve our
ability to discriminate between subgroups of FD.
Recent study showed that psychosocial factors, such
as anxiety, depression, and somatization are also
important variables for subgrouping FD.'* Classifica-
tion of FD based on a combination of bowel symptoms
and psychosocial factors would be a promising alter-
native for gastroduodenal symptom-based classifica-
tion as proposed by the Rome III criteria.

In the present study, FD was more prevalent in
participants with bowel symptoms (cluster C or cluster
D) than those without bowel symptoms (cluster
nCnD). This result is consistent with the observed
high frequency of overlap between FD and IBS. More-
over, concomitant bowel symptoms were associated
with demographic factors, such as gender, alcohol
consumption, and BMI, among FD participants. These
results suggest that the etiology of dyspepsia symp-
toms may differ among participants classified as clus-
ter nCnD, cluster C, and cluster D. Corsetti et al.'®
showed that FD-IBS overlap is more prevalent among
women and is associated with a greater weight loss,
overall symptom severity, and with hypersensitivity to
distention than FD alone. The present study confirmed
that FD with constipation is more prevalent among
women, and is associated with lower BMI among
women. On the other hand, these associations were
not observed in FD with diarrhea (See Table S3 online).

When FD subjects were subcategorized into ‘PDS
alone’, ‘EPS alone’, and ‘PDS and EPS’ groups, a
significant association between these three groups
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Table 3 Relationship between the three symptom clusters and diagnosis of FD

Non-dyspepsia (n = 6635) FD (n = 563) Univariable analysis* Multivariable analysis®
No. (%) No. {%) Odds ratio (95% CI) Odds ratio (95% CI)
Cluster nCnD (n = 4318} 4101 {95.0) 217 (5.0) Ref. Ref.
Cluster C (n = 1378) 1218 (88.4) 160 (11.6) 2.48 (2.00-3.08) 2.57 (2.06-3.21)
Cluster D (n = 1502) 1316 (87.6) 186 (12.4) 2.67 {2.18-3.28) 2.80 (2.27-3.45)

CI, confidence interval; FD, functional dyspepsia.
*Analyzed by univariable logistic regression model.

fAnalyzed by multivariable logistic regression model with adjustment for cluster C, cluster D, age, gender, smoking habit, alcohol habit, and body -

mass index.

1.5

Factor EGD

04
Cluster nCnD C D
PDS alone

nCnD C D
EPS alone

ncnD C D
PDS & EPS

Figure 3 Associations between upper gastrointestinal symptoms and
the three symptom clusters in each subgroup of functional dyspepsia.
***P < 0.001, *P < 0.05 significant difference using one-way anova
and Tukey’s post hoc analysis. EPS, epigastric pain syndrome; ns, not
significant; PDS, postprandial distress syndrome.

and the three symptom clusters was not observed.
However, the association between the severity of upper
GI symptoms (factor EGD score] and concomitant
bowel symptoms among PDS participants differed from
the association among participants with EPS alone.
Some previous studies also demonstrated that FD-IBS
overlap patients have worse quality of life than
FD-alone and IBS-alone patients.!*!5 Results of the
present study revealed that FD participants with bowel
symptoms have greater symptoms severity than those
without bowel symptoms especially in PDS, but not in
EPS alone. This suggests that while PDS might be
associated with the bowel symptoms, EPS without
PDS might be independent of the presence/absence of
bowel symptoms. Patients with constipation or diar-
rhea tend to have a general motor disturbance through-
out the GI tract, including abnormal colonic transit
and delayed gastric emptying, especially in patients
with concomitant FD and IBS.'*'® GI motility disor-
ders are likely to induce symptoms of PDS rather than
those of EPS.'” The other study showed that patients
with both FD and IBS are associated with hypersensi-
tivity to distention of the stomach using gastric
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barostat.'® Gastric hypersensitivity was more preva-

lent when patients suffered from both EPS and PDS.*°
These previous reports also support that concomitant
constipation or diarrhea is associated with PDS, but
not EPS alone.

Criticisms of the present study include possible
differences between web-survey responder population
and general population (generalizability). Web-based
assessment may select participants from compara-
tively young and socially advantaged groups character-
ized by high literacy, and high internet access.?! In the
present study, mean age in FD cases were older than
that in non-dyspepsia controls. This might be because
our population contains a higher proportion of young
people (<40 years old) than general population. This
participant bias might affect the prevalence of FD, as
FD was more prevalent in those with lower household
income, lower educational levels, larger household
membership, and those who were unemployed.?*®
However, a previous study showed that participation
bias is thought to have little effect on associations with
putative risk factors.>! In addition, web-based survey
has advantages related to the speed and cost of data
collection.?! Therefore, it would be a powerful tool for
studying characteristics of diseases and overlaps of the
other disorders in FGIDs.

The disadvantage of the k-means cluster analysis is
that the number of clusters must be supplied as a
parameter. In the present study, we selected a three-
cluster solution, as the results in three-cluster solution
were the most understandable not only for gastroente-
rologists but also general practitioners. This categori-
zation of FD can be determined just by the presence/
absence of constipation or diarrthea which can be
obtained from medical history taking. Whether treat-
ments for bowel symptoms would improve dyspepsia
symptoms in FD patients with constipation or diarrhea
has not been examined?®, warranting future research.

In conclusion, GI symptoms, including FD, can be
categorized into three clusters based on the presence

© 2012 Blackwell Publishing Ltd
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and type of bowel symptoms, suggesting differences in
etiology between FD patients with constipation, with
diarrhea, or neither. Constipation and diarrhea con-
tribute almost equally to the presence of FD. PDS
patients with bowel symptoms have greater symptoms
severity than those without bowel symptoms. This
categorization of FD is easy to use for general practice,
and may improve classification of patients and identify
subgroups that have differing pathophysiology or who
may respond differently to treatment.
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Helicobacter pylori encodes a single iron-cofactored superoxide dismutase (SodB), which is regulated by the ferric
uptake regulator (Fur). Ferrous ion (Fe? ) is necessary for the activation of SodB. The activity of SodB is an impor-
tant determinant of the capability of H. pylori for long-term colonization of the stomach and of the development of
metronidazole (Mtz) resistance of the bacterium. This study is conducted to characterize the Fe? *-supply mech-
anisms for the activation of SodB in H. pylori, which, as mentioned above, is associated with the host-colonization
ability and Mtz resistance of H. pylori. In this study, we demonstrate that fecA1, a Fe® *-dicitrate transporter homo-
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Chronic infection log, is an essential gene for SodB activation, but not for the biogenic activity of H. pylori. H. pylori with SodB inac-
Superoxide tivation by fecA1 deletion showed reduced resistance to H,0,, reduced gastric mucosal-colonization ability in

Mongolian gerbils, and also reduced resistance to Mtz. Our experiment demonstrated that FecAl is an important
determinant of the host-colonization ability and Mtz resistance of H. pylori through Fe? * supply to SodB, suggest-

Superoxide dismutase
Iron transporter

Drug resistance

Host immune response

Surface plasmon resonance assay
Free radicals

ing that FecA1 may be a possible target for the development of a novel bactericidal drug.

© 2011 Elsevier Inc. All rights reserved.

Helicobacter pylori is a spiral-shaped, flagellated, microaerophilic
gram-negative bacterium that colonizes the gastric epithelium of
humans and is a major cause of peptic ulcers and also a key risk factor
for gastric cancer and gastric MALT lymphoma [1]. H. pylori encodes
only one single iron-cofactored superoxide dismutase (Fe-SOD;
SodB) (HP0389), which catalyzes the conversion of superoxide an-
ions to hydrogen peroxide, with the latter degraded into oxygen
and water by catalase [2-4]. The sodB mRNA expression in H. pylori
is directly regulated by the ferric uptake regulator (Fur) protein [5].
Recently, we reported that clinically isolated metronidazole (Mtz)-
resistant strains (KS0048 and KS0145) showed derepression of
sodB mRNA expression by amino acid mutations of Fur (C78Y and
P114S; mutant Fur), which led to the development of Mtz resistance
[6]. In addition, it has been reported that sodB deletion in H. pylori
causes the bacterium to lose its ability to colonize the gastric mucosa
in mice [7]. These results demonstrate that SodB is an important de-
terminant of Mtz resistance and of the host-colonization ability of
H. pylori.

Ferrous ion (Fe?*) is necessary for the basal functioning of all cells, as
a cofactor for enzymes and metalloproteins, and is also required for SodB
activation [3,8]. On the other hand, iron (Fe?* and Fe3*) overload

Abbreviations used: FecAl, ferric citrate transporter homolog protein; Fur, ferric up-
take regulator; Mtz, metronidazole; ROS, reactive oxygen species; SodB, iron-cofactored
superoxide dismutase.
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produces toxic oxygen radicals in the presence of oxygen [9]. Therefore,
there exists an ingenious regulatory system for intracellular iron (Fe?™
and Fe3*) uptake. H. pylori has three fecA-like genes (HP0G86, fecAl;
HPO0807, fecA2; and HP1400, fecA3), each encoding a high-affinity trans-
porter of Fe>*-dicitrate. The expression of fecAl and fecA2 is regulated
by Fur, while the transcription of fecA3 is regulated by nickel-
responsive regulator (NikR) [10-12]. Additionally, Danielli et al. [13]
reported that the expression patterns of fecA1 and fecA2 throughout the
period of growth were different: whereas fecA1 showed sustained ex-
pression over time, fecA2 expression was derepressed only in the late
phase of growth. This report suggested that the role of FecAl was differ-
ent from that of FecA2, although they were both regulated by Fur [13].

Fur dimers, as global transcriptional regulators, are formed by
binding of Fur to Fe?>™ (iron-bound Fur), and these dimers bind to
the Fur-binding consensus sequences (Fur-box) of the target genes
[14,15]. The expression of the fecAl and fecA2 genes is repressed by
binding of iron-bound Fur to each Fur-box under iron-replete condi-
tions (normal cultivation conditions; +Fe) (Fig. 1). On the other
hand, under iron-restricted conditions (— Fe), iron-bound Fur is ab-
sent; thus, the expression is derepressed by a decrease in the binding
of iron-free Fur (apo-Fur) to each Fur-box (Fig. 1) [10,15].

The mechanisms of detoxification of ROS by antioxidant enzymes
are of particular interest in understanding the development of Mtz re-
sistance and also the capability of H. pylori for long-term gastric mu-
cosal colonization [2,6,16,17]. Therefore, examination of the SodB
activation process is required for understanding the mechanisms of
detoxification of ROS in H. pylori. This study was designed to examine
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Fig. 1. Regulation of the fecA genes for the Fe? *-dicitrate transporter by Fur in H. pylori. The transcription of fecA3 is not regulated by Fur. Iron-bound Fur binds to the promoter of
fecAl and fecA2, leading to transcriptional repression under normal cultivation conditions (iron-replete conditions). Under iron-restricted conditions, iron-bound Fur is absent; thus

the fecAl and fecA2 genes are derepressed by iron-free Fur (apo-Fur).

the Fe2™ supply system associated with SodB activation, by analyzing
the H. pylori strains KS0048 and KS0145.

Materials and methods
Bacterial strains and culture conditions

H. pylori strains ATCC700392 and KS0189 were used as the Mtz-
susceptible strains with wild-type Fur; ATCC430504 was used as the
Mtz-resistant strain with deletion of the oxygen-insensitive NADPH
nitroreductase (RdxA) [18]; the KS0048 and KS0145 strains were
used as the Mtz-resistant strains with mutant Fur. KS0048 showed
an amino acid mutation of Fur (Pro 114 replaced by Ser and Asn
118 replaced by His; mutant Fur); KSO145 also showed mutant Fur
(Cys 78 replaced by Tyr and Asn 118 replaced by His) [6]. The KS
strains were clinically isolated strains and were kept at —80 °C in
Brucella broth (Becton-Dickinson, Franklin Lakes, NJ, USA}) containing
25% (vol/vol) glycerol. The bacteria were cultured on Brucella agar
containing 7% sheep blood and 7% fetal bovine serum (FBS) for 2 days
at 37 °C under microaerobic conditions maintained with AnaeroPack
MicroAero (Mitsubishigas, Tokyo, Japan).

Construction of SodB-overexpressing and fecA1-deletion mutants

The construction of a SodB-overexpressing strain of H. pylori using
the shuttle vector pHel3 [19] has been described previously [6]. Brief-
ly, the pHel3::sodB construct was electroporated into H. pylori, which
was grown on 30 pg/ml kanamycin to obtain a SodB-overexpressing
strain (ATCC700392 pHel3::s0dB). Only the pHel3 vector was electro-
porated into H. pylori, which was grown on 30 pg/ml kanamycin to
obtain a control strain (ATCC700392 pHel3 control).

The target-region gene cassette (5'fecA1-chloramphenicol acetyl-
transferase (cat)—3’fecA1) for construction of a fecA1-deletion mutant
was cloned into the pCR2.1-TOPO vector (Invitrogen, Carlsbad, CA,
USA), and the sequences were determined (target vector). The
target-region gene cassette was constructed for insertion into the
open reading frame of FecAl. The construction of the target-region
gene cassette was carried out using the PCR-based overlap extension
method [20]. The primer sequences used for construction of the target-
region gene cassette were as follows: 5'fecAl region, forward 5'-
ATGAAAAGAATTTTAGTCICTTTGGCIG and reverse 5'-GGTGGTATATC-
CAGTGATTTTTTTCTCCATATTCATCATGCCCCCTGTTCITAAG; cat region,
forward  5-ACTTAAGAACAGGGGGCATGATGAATATGGAGAAAAAAAT-
CACTGGATATACCACC and reverse 5’-CCATACCGCTGTATAGTTGTTAAA-
CAGTTACGCCCCGCCCTGCCACTCATCGC;  3'fecAl region, forward 5'-
GCGATGAGTGGCAGGGCGGGGCGTAACTGTTTAACAACTATACAGCGGTAT
GG and reverse 5’-AATACCAAAAGTCGTGTGCTTGTAAG. For the overlap

extension, the forward primer was the 5fecAl region forward primer
and the reverse primer was the 3/fecA1 region reverse primer. The target
vector was electroporated into H. pylori ATCC700392, ATCC43504,
KS0048, and KS0145, respectively, which were grown on 20 pg/ml chlor-
amphenicol to obtain the fecAl-deletion mutants (ATCC700392 fecAl-
deletion mutant, ATCC43504 fecAl-deletion mutant, KS0048 fecAl-
deletion mutant, and KS0145 fecA1-deletion mutant).

Expression and purification of Fur

The expression and purification methods for recombinant Fur pro-
tein from Escherichia coli BL21(DE3) using a pET-30b(+) vector
(Novagen, Madison, WI, USA) (E. coli pET::Fur) have been described
previously [6]. Briefly, the expression of Fur protein wa