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ABSTRACT

Aim: To validate 2 types of antibodies, anti-CagA antibody and anti-East Asian CagA
specific antibody (a-EAS antibody) for the determination of CagA status by
immunohistochemistry in Indonesia. Additionally. we also confirmed the performance of
o-EAS antibody for the detection of East Asian-type CagA H. pylori.

Methods: Immunohistochemistry was performed using anti-CagA antibody and o-EAS
antibody on total of 1038 gastric biopsy specimens from Indonesian subjects.
Immunohistochemistry performance was evaluated with PCR-based sequencing as gold
standard.

Results: Immunohistochemistry using anti-CagA antibody had high sensitivity,
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specificity, and accuracy (85.7%, 100%, and 98.7%, respectively) for determining CagA
status. The a-EAS antibody was not suitable for the purpose of CagA status determination,
as it had a low sensitivity (23.5%). High specificity (97.7%) but low sensitivity (40%)
and accuracy (65.3%) was observed in a-EAS antibody to detect East Asian-type CagA .
Subjects with positive result of immunohistochemistry using anti-CagA antibody had
significantly higher monocyte infiltration score in antrum (P <0.001) and corpus (P =
0.009)

Conclusion: The anti-CagA antibody is still suitable to be used in Indonesia for
determining the cagA status, whilst the a-EAS antibody was not suitable to discriminate

East Asian-type cagAd and non-East Asian-type cagA in Indonesia.

Keywords: CagA typing, immunohistochemistry, East Asian-CagA antibody
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INTRODUCTION

Helicobacter pylori infection is an important causative factor to the development of wide
spectrum of gastrointestinal discase such as gastritis, gastric ulcer, duodenal ulcer and
gastric cancer [1-3]. Severity of disease was reported to be associated with the

H. pylori virulence factors, such as duodenal ulcer promoting factor (dupA), outer
inflammatory protein (oipA), and cytotoxin-associated genec A (CagA) [4].

CagA, which encoded by the cagd gene, is believed to be one of the most
essential H. pylori protein related to the gastric mucosal inflammation and therefore. as
the most extensively studied H. pylori virulence factor. CagA protein is inserted into the
host cell by a syringe-like structure called cag pathogenicity island (cag PAI) type IV
secretion system [[5]6, 7]. CagA is structurally differentiated by the presence of repeated
five-amino-acid sequence located in the C-terminus, consist of glutamic acid-proline-
isoleucine-tyrosine-alanine (EPIYA) [8]. There were several types of EPIYA motifs
according to the amino acid downstream to the repeat sequence; EPIYA-A, EPIYA-B,
EPIYA-C. and EPIYA-D. The alignment of these EPIYA motifs is divided into Western-
type CagA and East Asian-type CagA and. Western-type CagA is characterized by the
continuous order of EPIYA-A, EPIYA-B, and one or more repeats of EPIYA-C. On the
other hand, East Asian-type CagA has EPIYA-A and EPIYA-B, followed by EPIYA-D.
East Asian-type CagA is associated with more severe inflammation and morphological
alterations in gastric mucosa compared to Western-type CagA [9, 10]. We previously
reported a unique type of CagA type called ABB-type CagA, which was found in the H.
pylori strains isolated mainly in Papua Island. Indonesia [11]. The ABB-type CagA is
identified by the EPIYA-A and EPIYA-B, but followed by EPIYA-B. Recently, we also

reported that there were unique cagAd genotypes found in Papua Island, possessing AB-
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and B- motifs [12]. However, due to the similarity of the B-segment of the AB-type and
B-type CagA with the ABB-type CagA, these two genotypes were considered as ABB-
type subtypes [12].

The determination of CagA status and genotypes is mainly by polymerase chain
reaction and sequencing of the variable EPIYA region in the C-terminus of the cagA gene.
However, this method is considerably expensive and inaccessible in several areas due to
the lack of H. pylori culture and genome sequencing facilities. Therefore,
immunohistochemistry method might become a valuable tool for determining the CagA
status of H. pylori infected patients. Anti-East Asian CagA specific antibody (a-EAS)
which specific for the East Asian-type CagA was previously developed [13]. This
antibody is reported to be uscful for the purpose of detecting East Asian-type CagA
immunohistochemically in East Asian and South East Asian countries, such as Japan [14,
15], Thailand and Vietnam [16].

Indonesia is a country consist of thousands of ethnics and generally had low H.
pylori prevalence. However several ethnics had high H. pylori infection prevalence. such
as Batak. Papuan, and Buginese [17]. Unfortunately, currently there are only 313
hospitals with endoscopy systems and there were only a very few centers with H. pylori
culture and genome sequencing facilities, mainly located in the main island, Java [18].
An casier and quicker method following endoscopy to help ascertain CagA status is
needed. Therefore, immunohistochemistry may become a valuable method for clinicians.
Here we aimed to validate 2 types of antibodies, anti-CagA antibody and a-EAS antibody
to determine CagA status by immunohistochemistry method in a nationwide scale in
Indonesia. Additionally, we also validated a-EAS antibody for detecting East Asian-type

CagA H. pylori in Indonesia.
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MATERIALS AND METHODS
Study participants
A nation-wide, cross sectional and multicenter study was performed in 19 cities in
Indonesia from August 2012—March 2017. Dyspeptic patients were consecutively enlisted
and upper endoscopy examination was performed while excluding patients with the
history of partial/total gastrectomy, H. pylori eradication, and contraindication for
endoscopy examination. A total number of 1,236 dyspeptic patients were recruited; 849
of them were stated in our previous studies [11, 17, 19, 20], 387 of them were new
recruited patients with dyspepsia from Gunungsitoli (n=32), Padang (n=33), Kolaka
(n=50). Samosir District (n=47). Palembang (n=38). Palu (n=56), Cimacan (n=22),
Surabaya (n=22), Merauke (n=43), and Ternate (n=44) (Fig. 1). However, 97 samples
from Malang were excluded due to inadequate biopsy specimen to analyze. We also
excluded patients without complete histological data and/or culture yielded negative
results, but histology or immunohistochemistry were positive and samples with
insufficient sequencing result. Finally, 1,038 samples were used for further analysis in
this study. Antrum and corpus biopsy specimen were used for the histology analysis:
antrum biopsy specimen were used for the H. pylori culture.

Ethical approval was obtained from the Ethics Committee of Dr. Soetomo
Teaching Hospital (Surabaya, Indonesia), Dr. Cipto Mangunkusumo Teaching Hospital
(Jakarta, Indonesia) and Oita University Faculty of Medicine (Yufu, Japan). A written

informed consent was collected based on the guidelines of the Declaration of Helsinki.
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Aceh (n=37)

Medan (n=62)
Samosir District (n=78)
Gunungsitoli (n=32)
Padang (n=33)
Palembang (n=38)
Pontianak (n=90)
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8. Cimacan (n=22)
9. Jakarta (n=31)
10. Surabaya (n=318)
11. Bangli (n=61)

12. Kupang (n=35)
13. Manado (n=57)
14. Palu (n=56)

15. Makassar (n=30)
16. Kolaka (n=50)
17. Ternate (n=44)
18. Jayapura (n=22)
19. Merauke (n=43)

108 Fig. 1. Upper endoscopic survey was performed in 19 cities across Indonesia.

109

110 H. pylori culture and infection status determination

111 The details of culture method has been reported previously [17]. Briefly., H. pvlori
112 selective media (Nissui Pharmaceutical Co.. Ltd., Tokyo. Japan) was used and up to 7
113 days of incubation in microaerophilic conditions (10% Oz, 5% CO2, and 83% N2) at 37°C
114  is necessary to isolates bacteria from a homogenized biopsy specimen. The H. pylori
115 colonies were The H. pylori colonies were inoculated onto Brucella Agar medium (Becton
116  Dickinson, Sparks, MD. USA) supplemented with 7% horse blood (Nippon Bio-test,
117  Tokyo. Japan) and stored at —80°C in Brucella Broth (Becton Dickinson. Sparks, MD,
118  USA) with 10% glycerol and 10% horse serum. H. pylori infection positive status was
119 determined via H. pylori culture from antral biopsy
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East Asian CagA specific antibody

East Asian CagA antibody (0-EAS) was generated as previously described [13]. Briefly,
the East Asian CagA specific polypeptides. AINRKIDRINKIASAGKG was synthetized
(OPERON Biotechnologies, Tokyo, Japan). Subcutaneously injection of 1 mg of keyhole
limpet hemocyanin (KLH)-conjugated synthetic peptide emulsified (1:1, v/v) with
Freund’s complete adjuvant was then performed to immunize New Zealand white rabbits.
The antisera were collected using the peptide-coupled HiTrap NHS-activated column

(Amersham Biosciences, UK).

Immunohistochemistry and histology examination

The immunohistochemistry was done as previously reported [13]. Briefly, we fixed
biopsy specimens in 10% (v/v) formaldehyde and followed by paraffin embedding. After
cutting the block into approximately 5 pm-thickness tissue section, deparafinization and
rehydration procedure was performed. Then, sections were autoclaved at 120°C for 10
minutes in the sodium citrate buffer (10 mmol/L. pH 6.0) (Nichirei. Tokyo. Japan)
solution and subsequently cooled down at room temperature. The 3% H202 solution (v/v)
was applied to the sections at room temperature for 10 minutes in order to inactivate the
endogenous peroxidase activity, then blocked with 10% goat serum (Nichirei, Tokyo,
Japan) for 20 minutes at room temperature. Incubation with 3 types of antibodies,
including 1:50 dilution of anti-H. pylori Ab (Dako, Glostrup, Denmark) . 1:100 dilution
of anti-CagA (b-300) Ab (Santa Cruz Biotechnology, Santa Cruz. CA, USA), and 1:4000
dilution of a-EAS Ab was done at 4°C overnight. The next day. the section were washed
with PBS, incubated with biotinylated goat anti-rabbit IgG (Nichirei, Tokyo, Japan) for

20 minutes, applied with second PBS washing, and incubated with avidin-conjugated
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horseradish peroxidase solution (Vecstatin Elite ABC kit, Vector Laboratories, CA, USA)
for 20 minutes . Diaminobenzidine substrate solution was applied for peroxidase activity
determination, then counterstained with hematoxylin.

The thin slices of paraffin-embedded biopsy with May-Griinwald-Giemsa and
hematoxylin-cosin stains was prepared for histopathology examination. The degree of
inflammation, atrophy. and bacterial density based on Updated Sydney system to one of
four grades: 0. normal; 1, mild: 2, moderate; and 3, marked [21] was determined by the

experienced pathologist (TU).

cagA genotyping

H. pylori genomic DNA was extracted using a DNA extraction kit (QIAGEN, Santa
Clarita, CA). The polymerase chain reaction (PCR) method was used to amplified
conserved cagd gene as previously described [22] and followed by direct sequencing
using AB 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA). Detection of
cagA empty site by PCR confirmed the absence of cagA gene [23]. The cagA genotypes
based on the sequences of EPIYA segment (East Asian-type, Western-type or ABB-type)

was defined as previously described [4, 11, 12].

Statistical analysis

All the statistical test was executed in SPSS statistical software package version 23 (SPSS.
Inc.. USA). The chi-squared test or Fisher's exact was used to analyze categorical data
with P less than 0.05 was accepted as statistically significant. The sensitivity. specificity.
positive predictive value (PPV), negative predictive value (NPV), and accuracy of

immunohistochemistry were evaluated using PCR-based sequencing as gold standard.
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The amino acid sequence similarity between the East Asian specific peptide sequence and
the amino acid sequences of Indonesian East Asian-type cagA strains were analyzed using

blast algorithm.

Nucleotide sequencing
Nucleotide sequence data reported are available under the DDBJ accession numbers

LC471286-LC471291 (cagA).
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Results

Study participants

We included a total of 1,038 subjects, including 101 H. pylori-positive and 937 H. pylori-

negative subjects. The demographic data and clinical outcome of the subjects are shown

in Table 1. Based on ecthnicity, the patients were divided into 15 ethnic groups. with

Javanese being the most prevalent ethnic (230/1,038, 22.2%) and Kaili being the lowest.

Based on endoscopy., most patients had gastritis (961/1,038, 92.6%). There were 76

patients (7.3%) with peptic ulcer disease and only 1 patient with gastric cancer (0.1%).

Table 1. Association between demographic data and clinical outcome

Clinical outcome (%)

Variable n

Gastritis PUD Gastric cancer
Total 1038 961 (92.6) 76 (7.3) 1(0.1)
Sex
Male 591 548 (92.7) 42 (7.1) 1(0.2)
Female 447 413 (92.4) 34 (7.6) 0 (0.0)
Age
<30 126 119 (94.4) 7 (5.6) 0 (0.0)
30-39 226 215 (95.1) 11 (16.5) 0 (0.0)
40-49 256 241 (94.1) 14 (5.5) 1(0.4)
50-39 243 220 (90.5) 23(9.5) 0 (0.0)
>60 187 166 (90.5) 21 (13.7) 0 (0.0)
Ethnic
Aceh 37 26 (70.3) 11(29.7) 0 (0.0)
Balinese 61 60 (98.4) 1 (1.6) 0(0.0)
Batak 96 80 (83.3) 16 (16.7) 0 (0.0)
Bugis 99 96 (97.0) 3 (3.0) 0 (0.0)
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Chinese 126 119 (94.4) 7(5.6) 0(0.0)

Dayak 47 44 (93.6) 3 (6.4) 0 (0.0)
Javanese 230 216 (93.9) 14 (6.1) 0 (0.0)
Kaili 11 11 (100.0) 0 (0.0) 0 (0.0)
Malay 37 34 (91.9) 3(8.1) 0 (0.0)
Minahasa 53 49 (92.5) 4(7.5) 0 (0.0)
Nias 69 62 (89.9) 7 (10.1) 0 (0.0)
Papuan 65 60 (92.3) 4(6.2) 1(1.5)
Ternate 46 44 (95.7) 2 (4.3) 0 (0.0)
Timor 38 37 (97.4) 1 (2.6) 0 (0.0)
Tolaki 23 23 (100.0) 0 (0.0) 0 (0.0)

PUD: peptic ulcer disease

cagA genotyping

In this study, we utilized the cagd sequence data from our previous studies in Indonesia
[11, 12]. We also added data from 6 cagA-positive samples from Palu and Ternate survey.
Among 101 isolated H. pylori strains, 98 (97.0%) were cagA-positive and were 3 cagA-
ncgative strains. Of 98 cag4 -positive strains, 55 (56.1%) posscssed East Asian-type cagA,
25 (25.5%) were Western-type cagd, and 18 (18.4%) were ABB-type cagd. The

distribution of cagA genotype within ethnics is shown in Table 2.

Table 2. The distribution of cagA genotype

Ethnic cagA- cagA genotypes
positive East Asian-type Western-type ABB-type

Total 98 55 25 18

Aceh 0 0(0.0$) 0(0.0) 0(0.0)
Balinese 7 4(57.1) 3(42.9) 0(0.0)
Batak 22 22 (100.0) 0(0.0) 0 (0.0)
Bugis 14 4 (28.6) 10 (71.4) 0(0.0)
Chinese 7 6 (85.7) 1(14.3) 0(0.0)
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Dayak 3 0(0.0) 2 (100.0) 0 (0.0)
Javanese 1 0 (0.0) 0 (0.0) 1 (100.0)
Kaili 1 0 (0.0) 1 (100.0) 0 (0.0)
Malay 2 1 (50.0) 1 (50.0) 0 (0.0)
Minahasa 7 7 (100.0) 0 (0.0) 0 (0.0)
Nias 1 1(100.0) 0 (0.0) 0 (0.0)
Papuan 18 1(5.6) 0 (0.0) 17 (94.4)
Ternate 3 3 (100.0) 0 (0.0) 0 (0.0)
Timor 13 6 (46.2) 7(53.8) 0 (0.0)
Tolaki 0 0 (0.0) 0 (0.0) 0 (0.0)

Immunohistochemistry and the detection of CagA
The gastric biopsies from 1,038 patients were analyzed for the immunoreactivity with 2
different types of CagA antibodies (i.e. anti-CagA antibody and o-EAS antibody) (Table
3 and Figure 1). Forty-three patients (43/55, 78.2%) infected with East Asian-type cagA,
24 patients (24/25, 96.0%) infected with Western-type cagA strains, and 17 patients
(17/18, 94.4%) infected with ABB-type cagA strains were immunoreactive to anti-CagA
antibody. In contrast, all H. pylori-uninfected patients (937/937, 100%) and all patients
infected with cagA-negative H. pylori (3/3, 100%) were non-immunoreactive to the anti-
CagA antibody. By using PCR-bascd scquencing as gold standard, the performance of
immunohistochemistry to determine cagA status was analyzed. The sensitivity, specificity,
PPV, NPV, and accuracy of immunohistochemistry using anti-CagA antibody were 85.7%,
100%, 100%, 98.5%, and 98.7%, respectively.

On the other hand, immunohistochemistry using a-EAS antibody, we found that
only 22 patients infected with East Asian-type cagA strains (22/55. 40.0%) were
immunoreactive. All patients infected with Western-type cagAd strains (25/25, 100.0%)

and almost all of the patients infected by ABB-type cagA strains (17/18, 94.4%) were
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215 non-immunoreactive towards o-EAS antibody. All the H. pylori-uninfected patients
216 (937/937. 100%) and all patients infected with cagd-negative strains (3/3, 100%) were
217  also showed to be non-immunorcactive towards a-EAS antibody. The sensitivity,
218  specificity, PPV, NPV, and accuracy of immunohistochemistry using a-EAS antibody
219 were 23.5%, 100%, 100%, 92.6%, and 92.7%, respectively.
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221  Figure 1. Inmunohistochemistry by using 2 types of CagA antibodies. The specimen
222 TEROO1 and KPG26 was used as example to show the typical immunohistochemistry
223 staining result. TEROO1 specimen was positively immunostained with both anti-CagA
224  antibody (A) and o-EAS antibody (B). KPG26 specimen was positively immunostained
225  with anti-CagA antibody (C), but negatively immunostained with a-EAS antibody (D).
226

227  Table 3. The performance of immunohistochemistry using 2 types of CagA

228  antibodies for the detection of CagA status
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H. pylori (+) cagA (+ H.
Immuno- pylort (+) cagd (+) lori cagA  Sens. Spec. PPV NPV Accuracy
ori
reactivity  EAT (%) WT (%) ABB (%) ?;(9/) (N %) (%) (%) (%) (%) (%)
=] (1)
Total 55 25 18 937 3
Anti-CagA 85.7 100 100 985 98.7
Positive 43 (78.2) 24 (96.0) 17(94.4)  0(0.0) 0(0.0)
Negative 12 (21.8) 1(4.0) 1(5.6) 937 (100) 3 (100)
¢-EAS 235 100 100 926 927
Positive 22 (40.0) 0 (0.0) 156)  0(0.0) 0
Negative 33 (60.0)  25(100) 17 (9%4.4) 937 (100) 3
229
230  a-EAS antibody and the detection of East Asian-type cagA H. pylori
231  We analyzed the capability of a-EAS antibody for the detection of East Asian-type cagd
232 strains (Table 4). In this analysis, Western-type cagd and ABB-type cagA strains were
233 regarded as non-East Asian-type. Therefore, patients infected with 55 East Asian-type
234 cagA strains and those with 43 non-East Asian-type cagAd strains were evaluated. We
235  found that only 22 (22/55, 40.0%) patients infected with East Asian-type cagA strains
236 were immunoreactive to the o-EAS antibody. Mostly the non-East Asian-type strains-
237  infected patients (42/43, 97.7%) were not immunoreactive to the a-EAS antibody. The
238 sensitivity, specificity, PPV, NPV, and accuracy of a-EAS antibody to detect East Asian-
239 type cagA were 40.0%, 97.7%, 95.7%, 56.0%, and 65.3%, respectively. Therefore, the a-
240  EAS antibody was not suitable to distinguish the East Asian-type cagd strains with non-
241  East Asian-type cagA strains in Indonesia.
242
243 Table 4. a-EAS antibody immunoreactivity with East Asian-type cagA
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Immunoreactivity cagA genotypes

with «-EAS Total
East Asian-type (%) Non-East Asian-type (%0)*

antibody

Total 55 43 98
Positive 22 (40.0) 1(2.3) 23
Negative 33 (60.0) 42 (97.7) 75

Sensitivity: 40.0%; specificity: 97.7, PPV: 95.7%; NPV: 56.0%; accuracy: 65.3%
*Including Western-type CagA and ABB-type CagA subjects

False-negative samples analysis

We analyzed the false-negative samples in regards to the cagA genotypes (Table 5). In

total, there were 14 patients failed to be detected by immunohistochemistry using anti-

CagA antibody. Of these, 12 were infected with East Asian-type cagd strains, 1 was

infected with Western-type cagA strains, and 1 was infected with ABB-type cagA strains.

Most of the East Asian-type cagA that had false-negative results by anti-CagA antibody

possessed a tvpical ABD-motif. There were 75 patients with negative result for

immunohistochemistry using a-EAS antibody. Of 55 patients infected with East Asian-

type cagd strains, 33 were non-immunoreactive towards a-EAS antibody.

Table 5. The false-negative results and the cag4 genotypes

Antibody
cagA genotypes
Anti-CagA u-EAS
Total true-positive 84 23
Total false-negative 14 75
Total 98 98

False-negative samples
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East Asian-type (n=55)
ABD

AABD

AAD

ABBD

Total

11/48 (22.9)
1/3 (33.3)
0/1 (0.0)
0/3 (0.0)

12/55 (21.8)

27/48 (56.3)
2/3 (66.7)
1/1 (100.0)
3/3 (100.0)

33/55 (60.0)

Western-type (n=25)

ABC 1/20 (5.0) 20/20 (100.0)
ABCC 0/1 (0.0) 1/1 (100.0)
BC 0/4 (0.0) 4/4 (100.0)
Total 1/25 (4.0) 25/25 (100.0)

ABB-type (n=18)

AB 1/3 (33.3) 3/3 (100.0)
ABB 0/8 (0.0) 8/8 (100.0)
B 0/7 (0.0) 6/7 (84.7)
Total 1/18 (5.6) 17/18 (94.4)
Total false negative 14/98 (14.3) 75/98 (76.5)

Immunohistochemistry diagnosis and the peptide sequence similarity

We performed protein sequence comparison analysis to analyze the similarity between
the East Asian specific peptide sequence and the CagA amino acid sequences of
Indonesian East Asian-type cagA strains (Suppl. Table 1). The East Asian specific
peptide sequence comprised of 18 peptides (AINRKIDRINKIASAGKG). By using the
blast algorithm, we found that 50 strains were detected to have similarity with the East
Asian specific peptides and were able to calculate the similarity percentage. There were
5 East Asian-type cagA strains that were undetected by the blast algorithm, suggesting

there were no similarities at all (n.a result). Ten strains were found to be identical (100%
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similarity) to the East Asian specific peptides, while the other strains similarity varied
between 35.3%-72.7%. Of 10 strains with identical sequence (100% similarity), 2 strains
were not immunostained with the a-EAS antibody (MANADO29 and MANADO31).

There was no specific pattern of similarity percentage to the immunohistochemistry result.

Suppl. Table 1. Similarity analysis between the East Asian specific peptide sequence

and the CagA sequences of East Asian-type cagA strains.

. EPIYA cagA Similarity THC result (a-EAS

Strain motif genotype (%) antibody)
IND68 ABD East Asian 64.3 Negative
IND69 ABD East Asian 100 Positive
IND71 ABD East Asian 100 Positive
IND79 ABD East Asian 64.3 Negative
JAY16 ABD East Asian 64.3 Negative
JKT9 ABD East Asian 64.3 Negative
MO17 ABD East Asian 529 Negative
MN3 ABD East Asian 64.3 Positive
MNI10 ABD East Asian 64.3 Negative
MNI11 ABD East Asian 64.3 Negative
SMS15 ABD East Asian 55.6 Positive
SMS22 ABD East Asian 64.3 Positive
SMS24 ABD East Asian 64.3 Positive
SMS28 ABD East Asian 64.3 Negative
SMS30 ABD East Asian 714 Negative
MKS45 AABD East Asian 64.3 Positive
MKS52 AABD East Asian 64.3 Negative
PTKS50 ABD East Asian 529 Negative
MANADOS ABD East Asian 100 Positive
MANADOI18 ABD East Asian 57.1 Negative
MANADQO20 ABD East Asian 100 Positive
MANADQO26 ABD East Asian 100 Positive
MANADQO28 ABD East Asian 100 Positive
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MANADO29 ABD East Asian 100 Negative

MANADO31 ABD East Asian 100 Negative
KPG2 ABD East Asian 64.3 Positive
KPG5 ABD East Asian 62.5 Positive
KPGI11 ABD East Asian 64.3 Positive
KPG15 ABD East Asian 100 Positive
KPG29 ABD East Asian 64.3 Negative
KPG35 ABD East Asian 64.3 Negative
KPG42 AABD East Asian 714 Negative
KPGo64 AAD East Asian 353 Negative
KPGS83 ABD East Asian 714 Negative
MEDAN31 ABD East Asian 64.3 Negative
MEDAN32 ABD East Asian 64.3 Negative
NIAS9 ABD East Asian 371 Negative
NIAS36 ABD East Asian 55.6 Negative
NIAS37 ABD East Asian 64.3 Positive
NIAS40 ABD East Asian 64.3 Positive
NIAS49 ABD East Asian 64.3 Negative
NIAS50 ABD East Asian 64.3 Positive
NIAS56 ABBD East Asian 64.3 Negative
NIAS67 ABD East Asian 64.3 Negative
NIAS68 ABD East Asian 64.3 Negative
NIAS73 ABBD East Asian 64.3 Negative
NIAS75 ABBD East Asian 64.3 Negative
PDG42 ABD East Asian 571 Positive
SBY 106 ABD East Asian 100 Positive
SBY 137 ABD East Asian 64.3 Negative
SBY304 ABD East Asian n.a Positive
TEROOL ABD East Asian n.a Positive
TERO009 ABD East Asian n.a Negative
TERO18 ABD East Asian n.a Negative
TERO081 ABD East Asian n.a Negative

cagA immunohistochemistry and ethnics

We analyzed the result of immunohistochemistry using 2 types of CagA antibodies based
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on the ethnics in Indonesia (Supp. Table 2). The immunohistochemistry using a-EAS

antibody was not able to detect all cagd-positive strains of Balinese, Dayak, Javanese,

Nias, and Kaili (100% of ncgative result). In Papuan cthnic which was constitutes of

ABB-type cagA. almost all patients infected with cagA-positive strains (17/18, 94.4%)

had negative result of the immunohistochemistry using anti-EAS antibody. In contrast,

the immunohistochemistry using anti-CagA antibody was still able to detect patients

infected with cagA-positive strains regardless the ethnicity. except for Kaili and Malay

ethnics; however, it might be caused by the small number of samples in those ethnics.

There were no significant association between the using of anti-CagA antibody and o-

EAS antibody and the ethnicity (P = 0.414 and P = 0.110, respectively).

Supp. Table 2. CagA immunohistochemistry and ethnicity

Anti-CagA antibody

o-EAS antibody

Ethnic — - — - Total
Positive  Negative  Positive Negative
Balinese 6 (85.7) 1(14.3) 0(0.0) 7 (100) 7
Batak 18(81.8) 4(18.2) 7(31.8) 15(68.2) 22
Bugis 13 (92.9) 1(7.D 2(143) 12 (85.7) 14
Chinese 5(71.4) 2(28.6) 3(42.9) 4(57.1) 7
Dayak 2 (100) 0(0.0) 0(0.0) 2 (100) 2
Javanese 1 (100) 0(0.0) 0 (0.0) 1 (100) 1
Kaili 0(0.0) 1 (100) 0(0.0) 1 (100) 1
Malay 1 (50.0) 1 (50.0) 1(50.0) 1(50.0) 2
Minahasa 6 (85.7) 1(143) 4 (57.1) 3(42.9) 7
Nias 1 (100) 0 (0.0) 0(0.0) 1 (100) 1
Papuan 17 (94.4) 1(5.6) 1(5.6) 17 (94.4) 18
Ternate 3 (100) 0(0.0) 2(66.7) 1(333) 3
Timor 11(846) 2(15.4) 3(23.1D) 10 (76.9) 13
Total 84 (85.7) 14(143) 23(235) 75(76.5) 98
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Association between histological score and immunohistochemistry

We analyzed the association between histological scores and the immunohistochemistry
result. We found that the patients with positive result of immunchistochemistry using anti-
CagA antibody had significantly higher monocyte infiltration score in both the antrum
and corpus compared to those with negative result (P <0.001 and P = 0.009, respectively).
Patients with positive result of immunohistochemistry using anti-CagA antibody also had
significantly higher atrophic score in the antrum, but not in the corpus, compared to
negative one (P <0.001 and P = 0.310, respectively. However, no statistically significant
results were found between the monocyte infiltration scores of patients with positive
result of immunohistochemistry using o-EAS antibody compared to those with negative
result both in the antrum and the corpus (P = 0.111 and P = 0.467, respectively). Similar
results were also found between the atrophic scores and immunoreactivity for a-EAS

antibody both in the antrum and corpus (P = 0.354 and P = 0.314, respectively).
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Discussion

In this present study, we aimed to validate 2 different types of antibody for CagA status

determination and the use of specific East Asian-type CagA antibody to specifically

distinguish the East Asian-type CagA and other CagA types. We found that the anti-CagA

antibody is still suitable to be used in Indonesia for the purpose of the CagA status

determination, showed by considerably high sensitivity, specificity. and accuracy. On the

contrary, the a-EAS antibody was found to be not suitable for the purpose of CagA status

determination, as it had a considerably low sensitivity. The low sensitivity of a-EAS

antibody is not surprising, as it developed not for CagA status determination purpose, but

to differentiate the East Asian-type CagA H. pylori and non-East Asian-type CagA H.

pylori [13]. Both anti-CagA antibody and a-EAS antibody were showing negative result

for all patients with H. pylori-uninfected patients, confirming the antibodies were not

cross-reactive with uninfected gastric mucosa, in concordance with our previous study

using Thai and Vietnamese population [16].

The a-EAS antibody was reported to show high accuracy in several East Asian

countries, such as Japan [14], Thailand and Vietnam [16]. However, we found that the

accuracy of a-EAS antibody in Indonesia was considerably low compared to other

countries (Indonesia: 63.5% vs. Japan: 91.6% vs. Thailand and Vietnam: 97.1%). This
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antibody sensitivity was very low to differentiate the East Asian-type cagA and non-East

Asian-type cagA. suggesting that the o-EAS antibody was not suitable to be used in

Indonesia. Similar to this result, previous study in Bhutan reported that the a-EAS

antibody had low sensitivity (36.2%) and low accuracy (41.0%) to detect samples infected

with East Asian-type CagA strains [24]. They also showed that the increasing number of

amino acid differences from the designed o-EAS antibody sequences might be

responsible to the decrease of positivity result [24].

To analyze the possible reason of low sensitivity of the a-EAS antibody in

Indonesian H. pylori isolates. we performed the blast algorithm to compare the protein

sequence of the East Asian-type CagA specific antigen used to generate a-EAS antibody

(AINRKIDRINKIASAGKG) with the protein sequences of Indonesian East Asian-type

cagA H. pylori isolates. We found that most of the strains was detected to have similarity

with the East Asian-type CagA specific peptide. However, they mostly in range between

60%—75% similarity. This analysis showed that the o-EAS antibody were not suitable

enough to be used as cagd genotyping method in Indonesia. It might be important to

develop an antibody specific to the Indonesian East Asian-type CagA strains. as it may

increase diagnostic accuracy.

Based on ethnicity. our result showed that the immunchistochemistry using o-
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EAS antibody was not suitable to determine the cagA positivity status, as it showed high

false negative result in all Indonesian cthnics. On the other hand, the

immunohistochemistry using anti-CagA antibody was able to determine the cagd

positivity status with low false negative in almost all ethnics in Indonesia. Our result

suggesting that the anti-CagA antibody is still suitable be used in the

immunohistochemistry for the purpose of determining cagA status in Indonesia,

regardless the ethnic differences.

We found that the patients with positive result of immunohistochemistry using

the anti-CagA antibody had significantly higher monocyte infiltration score in both the

antrum and corpus compared to those with negative result of immunchistochemistry using

anti-CagA antibody. Supporting our result, previous studies also reported the importance

of CagA to the development of chronic gastritis in H. pylori-infected gastric mucosa [3,

25, 26].

There were limitation in this study. Given that Indonesia is a country with low

H. pylori prevalence. the number of H. pylori-positive samples were considerably smaller

than the H. pylori-negative samples. Therefore, when we divided the samples based on

ethnicity, it yielded very low sample number in several ethnic groups. Further study with

bigger sample size in each ethnic may be necessary. However, given that the samples
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were collected from different locations throughout Indonesia, this study may give a better

understanding of the applicability of CagA immunohistochemistry in general.

Conclusion
The anti-CagA antibody is suitable to be used in Indonesia for the purpose of the cagAd
status determination. The a-EAS antibody were not suitable to distinguish East Asian-

type cagA and non-East Asian-type cagA in Indonesia.

Potential competing interests

The authors declare that they have no competing interests.

Financial Support

This report is based on work supported in part by grants from the Grants-in-Aid for
Scientific Research from the Ministry of Education, Culture. Sports, Science. and
Technology (MEXT) of Japan (15H02657, 16H05191, 16H06279, 18KK0266, and
19H03473) (YY) and the National Institutes of Health (DK62813) (YY). This work was
also supported by the Japan Society for the Promotion of Science (JSPS) Institutional

Program for Core-to-Core Program: B. Africa-Asia Science Platform (YY) and The

mQ >




377

378

379

380

381

382

383

384

386

387

388

389

390
391
392
393
394
395
396
397
398
399

Ministries of Research, Technology and Higher Education of Indonesia for World Class
Professor Program (no. 123.4/D2.3/KP/2018) to MIL and MM. LAW, DD, and KAF are
PhD students supported by the Japanese Government (MEXT) scholarship program for

2015, 2016, and 2017, respectively.

Author contributions

Conceived and design the experiments: MM, DD, and YY. Performed the experiments:
TU. LAW. and DD. Analyzed the data: MM, DD. LAW, and YY. Contributed
rcagents/matcrial/data acquisition: AFS, KAF, YAA, TU, and YY. Wrote the paper: DD
and MM. YY revised the manuscript and added important content. All authors read and

approved the final version of the manuscript.

Reference

1. Amieva M, Peek RM, Jr. Pathobiology of Helicobacter pylori-Induced Gastric Cancer.
Gastroenterology. 2016;150(1):64-78. doi: 10.1053/j.gastro.2015.09.004. PubMed PMID:
26385073; PubMed Central PMCID: PMCPMC4691563.

2. Graham DY. History of Helicobacter pylori, duodenal ulcer, gastric ulcer and gastric
cancer. World journal of gastroenterology. 2014;20(18):5191-204. doi: 10.3748/wjg.v20.118.5191.
PubMed PMID: 24833849; PubMed Central PMCID: PMCPMC4017034.

3. Peek RM, Jr., Blaser M]. Helicobacter pylori and gastrointestinal tract adenocarcinomas.
Nature reviews Cancer. 2002;2(1):28-37. Epub 2002/03/21. doi: 10.1038/nrc703. PubMed
PMID: 11902583.

4. Yamaoka Y. Mechanisms of disease: Helicobacter pylori virulence factors. Nat Rev

mQ >




400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435

Gastroenterol Hepatol. 2010;7(11):629-41. Epub 2010/10/13. doi: 10.1038/nrgastro.2010.154.
PubMed PMID: 20938460; PubMed Central PMCID: PMCPMC3137895.

5. Backert S, Ziska E, Brinkmann V, Zimny-Arndt U, Fauconnier A, Jungblut PR, et al.
Translocation of the Helicobacter pylori CagA protein in gastric epithelial cells by a type IV
secretion apparatus. Cellular microbiology. 2000:2(2):155-64. Epub 2001/02/24. PubMed PMID:
11207572.

6. Backert S, Haas R, Gerhard M, Naumann M. The Helicobacter pylori Type IV Secretion
System Encoded by the cag Pathogenicity Island: Architecture, Function, and Signaling. Current
topics in microbiology and immunology. 2017;413:187-220. Epub 2017/01/01. doi: 10.1007/978-
3-319-75241-9_8. PubMed PMID: 29536360.

7. Backert S, Tegtmeyer N, Fischer W. Composition, structure and function of the
Helicobacter pylori cag pathogenicity island encoded type IV secretion system. Future
microbiology. 2015;10(6):955-65. Epub 2015/06/11. doi: 10.2217/fmb.15.32. PubMed PMID:
26059619; PubMed Central PMCID: PMCPmc4493163.

8. Higashi H, Tsutsumi R, Fujita A, Yamazaki S, Asaka M, Azuma T, et al. Biological
activity of the Helicobacter pylori virulence factor CagA is determined by variation in the tyrosine
phosphorylation sites. Proceedings of the National Academy of Sciences of the United States of
America. 2002;99(22):14428-33. Epub 2002/10/23. doi: 10.1073/pnas.222375399. PubMed
PMID: 12391297; PubMed Central PMCID: PMCPmc137900.

9. Hatakeyama M. Helicobacter pylori CagA and gastric cancer: a paradigm for hit-and-run
carcinogenesis. Cell host & microbe. 2014;15(3):306-16. Epub 2014/03/19. doi:
10.1016/j.chom.2014.02.008. PubMed PMID: 24629337.

10. Yamaoka Y, Kodama T, Kashima K, Graham DY, Sepulveda AR. Variants of the 3’ region
of the cagA gene in Helicobacter pylori isolates from patients with different H. pylori-associated
diseases. Journal of clinical microbiology. 1998;36(8):2258-63. Epub 1998/07/17. PubMed
PMID: 9666002; PubMed Central PMCID: PMCPMC105028.

11. Miftahussurur M, Syam AF, Makmun D, Nusi IA, Zein LH, Zulkhairi, et al. Helicobacter
pylori virulence genes in the five largest islands of Indonesia. Gut Pathog. 2015;7:26. Epub
2015/10/08. doi: 10.1186/s13099-015-0072-2. PubMed PMID: 26442711; PubMed Central
PMCID: PMCPMC4594740.

12. Waskito LA, Miftahussurur M, Lusida MI, Syam AF, Suzuki R, Subsomwong P, et al.
Distribution and clinical associations of integrating conjugative elements and cag pathogenicity
islands of Helicobacter pylori in Indonesia. Scientific reports. 2018;8(1):6073. Epub 2018/04/19.
doi: 10.1038/541598-018-24406-y. PubMed PMID: 29666390; PubMed Central PMCID:
PMCPMC5904169.

13. Uchida T, Kanada R, Tsukamoto Y, Hijiya N, Matsuura K, Yano S, et al

mQ >




436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471

Immunohistochemical diagnosis of the cagA-gene genotype of Helicobacter pylori with anti-East
Asian CagA-specific antibody. Cancer science. 2007:98(4):521-8. Epub 2007/02/08. doi:
10.1111/}.1349-7006.2007.00415.x. PubMed PMID: 17284255.

14. Kanada R, Uchida T, Tsukamoto Y, Nguyen LT, Hijiya N, Matsuura K, et al. Genotyping
of the cagA gene of Helicobacter pylori on immunohistochemistry with East Asian CagA-specific
antibody. Pathol Int. 2008;58(4):218-25. Epub 2008/03/08. doi: 10.1111/j.1440-
1827.2008.02214.x. PubMed PMID: 18324914.

15. Yasuda A, Uchida T, Nguyen LT, Kawazato H, Tanigawa M, Murakami K, et al. A novel
diagnostic monoclonal antibody specific for Helicobacter pylori CagA of East Asian type. APMIS :
acta pathologica, microbiologica, et immunologica Scandinavica. 2009;117(12):893-9. Epub
2010/01/19. doi: 10.1111/j.1600-0463.2009.02548.x. PubMed PMID: 20078554.

16. Nguyen LT, Uchida T, Kuroda A, Tsukamoto Y, Trinh TD, Ta L, et al. Evaluation of the
anti-East Asian CagA-specific antibody for CagA phenotyping. Clin Vaccine Immunol.
2009;16(11):1687-92. doi: 10.1128/CVI1.00200-09. PubMed PMID: 19776193; PubMed Central
PMCID: PMCPMC2772380.

17. Syam AF, Miftahussurur M, Makmun D, Nusi IA, Zain LH, Zulkhairi, et al. Risk Factors
and Prevalence of Helicobacter pylori in Five Largest Islands of Indonesia: A Preliminary Study.
PloS one. 2015;10(11):e0140186. Epub 2015/11/26. doi: 10.1371/journal.pone.0140186.
PubMed PMID: 26599790; PubMed Central PMCID: PMCPMC4658100.

18. Miftahussurur M, Dochan D, Nusi IA, Adi P, Rezkitha YAA, Waskito LA, et al
Gastroesophageal reflux disease in an area with low Helicobacter pylori infection prevalence. PloS
one. 2018;13(11):e0205644. Epub 2018/11/15. doi: 10.1371/journal.pone.0205644. PubMed
PMID: 30427843; PubMed Central PMCID: PMCPmc6241118.

19. Miftahussurur M, Nusi [A, Akil F, Syam AF, Wibawa IDN, Rezkitha YAA, et al. Gastric
mucosal status in populations with a low prevalence of Helicobacter pylori in Indonesia. PloS one.
2017;12(5):e0176203. Epub 2017/05/04. doi: 10.1371/journal.pone.0176203. PubMed PMID:
28463979; PubMed Central PMCID: PMCPMC5413002.

20. Miftahussurur M, Syam AF, Nusi IA, Makmun D, Waskito LA, Zein LH, et al.
Surveillance of Helicobacter pylori Antibiotic Susceptibility in Indonesia: Different Resistance
Types among Regions and with Novel Genetic Mutations. PloS one. 2016;11(12):e0166199. Epub
2016/12/03. doi: 10.1371/journal.pone.0166199. PubMed PMID: 27906990; PubMed Central
PMCID: PMCPMC5131997.

21. Dixon M, Genta R, Yardley ], Correa P. Classification and grading of gastritis. The
updated Sydney System. International Workshop on the Histopathology of Gastritis, Houston
1994. Am ] Surg Pathol. 1996;20(10):1161-81. PubMed PMID: 8827022.

22. Yamaoka Y, Osato M, Sepulveda A, Gutierrez O, Figura N, Kim ], et al. Molecular

mQ >




472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500

epidemiology of Helicobacter pylori: separation of H. pylori from East Asian and non-Asian
countries. Epidemiol Infect. 2000;124(1):91-6. PubMed PMID: 10722135; PubMed Central
PMCID: PMCPMC2810888.

23. Akopyants NS, Clifton SW, Kersulyte D, Crabtree JE, Youree BE, Reece CA, et al.
Analyses of the cag pathogenicity island of Helicobacter pylori. Mol Microbiol. 1998;28(1):37-53.
PubMed PMID: 9593295,

24. Matsunari O, Miftahussurur M, Shiota S, Suzuki R, Vilaichone RK, Uchida T, et al. Rare
Helicobacter pylori Virulence Genotypes in Bhutan. Scientific reports. 2016;6:22584. doi:
10.1038/srep22584. PubMed PMID: 26931643; PubMed Central PMCID: PMCPMC4773856.
25. Correa P, Houghton ]. Carcinogenesis of Helicobacter pylori. Gastroenterology.
2007;133(2):659-72. Epub 2007/08/08. doi: 10.1053/j.gastro.2007.06.026. PubMed PMID:
17681184.

26. Suzuki N, Murata-Kamiya N, Yanagiya K, Suda W, Hattori M, Kanda H, et al. Mutual
reinforcement of inflammation and carcinogenesis by the Helicobacter pylori CagA oncoprotein.
Scientific reports. 2015;5:10024. Epub 2015/05/07. doi: 10.1038/srep10024. PubMed PMID:
25944120; PubMed Central PMCID: PMCPmc4421872.

mQ >




The Validation of the CagA Typing by Immunohistochemistry:
Nationwide Applicability in Indonesia

ORIGINALITY REPORT

17. 10. 15, 2.

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Submitted to Universitas Airlangga
Student Paper

2

E)

www.ncbi.nlm.nih.gov

Internet Source

1o

Muhammad Miftahussurur, Modesto Cruz,
Dalla Doohan, Phawinee Subsomwong et al.
"Five alternative Helicobacter pylori antibiotics
to counter high levofloxacin and metronidazole
resistance in the Dominican Republic", PLOS
ONE, 2019

Publication

1o

aricjournal.boiomedcentral.com

Internet Source

1o

£l

dspace.stir.ac.uk

Internet Source

1o

Tomohisa Uchida. "Immunohistochemical
diagnosis of the cagA-gene genotype of
Helicobacter pylori with anti-East Asian CagA-

1o



specific antibody", Cancer Science, 4/2007

Publication

AIKO YASUDA. "A novel diagnostic monoclonal
antibody specific for Helicobacter pylori CagA
of East Asian type", Apmis, 12/2009

Publication

1o

Shamshul Ansari, Evariste Tshibangu
Kabamba, Pradeep Krishna Shrestha, Hafeza
Aftab et al. "Helicobacter pylori bab
characterization in clinical isolates from
Bhutan, Myanmar, Nepal and Bangladesh",
PLOS ONE, 2017

Publication

1o

jcm.asm.or
n JInternet Source g <1 %
Muhammad Miftahussurur, Langgeng Agung <1 Y

Waskito, Ari Fahrial Syam, Iswan Abbas Nusi et °

al. "

Alternative eradication regimens for

Helicobacter pylori infection in Indonesian

regions with high metronidazole and

levofloxacin resistance

", Infection and Drug Resistance, 2019

Publication

Muhammad Miftahussurur, Iswan Abbas Nusi, 1
<1



Fardah AKkil, Ari Fahrial Syam, |. Dewa Nyoman
Wibawa, Yudith Annisa Ayu Rezkitha, Ummi
Maimunah, Phawinee Subsomwong,
Muhammad Luthfi Parewangi, |. Ketut Mariadi,
Pangestu Adi, Tomohisa Uchida, Herry
Purbayu, Titong Sugihartono, Langgeng Agung
Waskito, Hanik Badriyah Hidayati, Maria Inge
Lusida, Yoshio Yamaoka. "Gastric mucosal
status in populations with a low prevalence of
Helicobacter pylori in Indonesia", PLOS ONE,
2017

Publication

Matsuo, Yuichi, Seiji Shiota, Osamu Matsunari, <1 o
Rumiko Suzuki, Masahide Watada, Tran Thanh ?
Binh, Nagisa Kinjo, Fukunori Kinjo, and Yoshio
Yamaoka. "Helicobacter pylori cagA 12-bp
insertion can be a marker for duodenal ulcer in
Okinawa, Japan :", Journal of Gastroenterology
and Hepatology, 2012.

Publication
Ari Fahrial Syam, Muhammad Miftahussurur, <1 o

Willy Brodus Uwan, David Simanjuntak,
Tomohisa Uchida, Yoshio Yamaoka. "
Validation of Urine Test for Detection of
Infection in Indonesian Population ", BioMed
Research International, 2015

Publication

onlinelibrary.wiley.com



Internet Source

<19
Takashi Abe. "Impact of Helicobacter pylori <1 o
CagA diversity on gastric mucosal damage: an °
immunohistochemical study of East Asian type
CagA : Impact of H. pylori CagA diversity",
Journal of Gastroenterology and Hepatology,
11/2010
Publication
Helicobacter pylori, 2016.
Publication py <1 %
Naoko Ishiguro, Takeshi Baba, Tsuyoshi Ishida, <1 o
Kengo Takeuchi et al. "Carp, a Cardiac Ankyrin- °
Repeated Protein, and Its New Homologue,
Arpp, Are Differentially Expressed in Heart,
Skeletal Muscle, and Rhabdomyosarcomas”,
The American Journal of Pathology, 2002
Publication
Masahiko Hashinaga, Rumiko Suzuki, Junko <1 o,

Akada, Takashi Matsumoto, Yasutoshi Kido,
Tadayoshi Okimoto, Masaaki Kodama,
Kazunari Murakami, Yoshio Yamaoka.
"Differences in amino acid frequency in CagA
and VacA sequences of Helicobacter pylori
distinguish gastric cancer from gastric MALT
lymphoma", Gut Pathogens, 2016

Publication




www.gastrocol.org.co
Internet Sgource g < 1 %
L. T. Nguyen. "Clinical relevance of cagPAI <1 o
intactness in Helicobacter pylori isolates from °
Vietnam", European Journal of Clinical
Microbiology & Infectious Diseases, 04/07/2010
Publication
"Molecular Pathogenesis and Signal <1 o
Transduction by Helicobacter pylori", Springer °
Science and Business Media LLC, 2017
Publication
msa.asm.org.m
Internet Source g y <1 %
Muhammad Miftahussurur, Yoshio Yamaoka, <1 o
David Y. Graham. "Helicobacter pylori as an °
oncogenic pathogen, revisited", Expert Reviews
in Molecular Medicine, 2017
Publication
N Uedo. "Enhancement by interleukin-1 beta of <1
: ) . %
gastric carcinogenesis induced by N-methyl-N'-
nitro-N-nitrosoguanidine in Wistar rats: a
possible mechanism for Helicobacter pylori-
associated gastric carcinogenesis”, Cancer
Letters, 2003
Publication
Masanori Hatakeyama. "Helicobacter pylori <1 o



CagA—a bacterial intruder conspiring gastric
carcinogenesis", International Journal of
Cancer, 2006

Publication

M. Murat Inal, Yusuf Yildirim, Kenan Ertopcu,
Isa Ozelmas. "The predictors of retained
products of conception following first-trimester
pregnancy termination with manual vacuum
aspiration”, The European Journal of
Contraception & Reproductive Health Care,
2009

Publication

<1%

Yamaoka, Y.. "Relationship between the cagA
3' repeat region of Helicobacter pylori, gastric
histology, and susceptibility to low pH",
Gastroenterology, 199908

Publication

<1%

Hai Ying Fu. "East Asian-type Helicobacter
pylori cytotoxin-associated gene A protein has
a more significant effect on growth of rat
gastric mucosal cells than the Western type",
Journal of Gastroenterology and Hepatology,
3/2007

Publication

<1%

AL

ccforum.biomedcentral.com

Internet Source

<1%

Muhammad Miftahussurur, Ari Fahrial Syam,



Iswan Abbas Nusi, Dadang Makmun et al.
"Surveillance of Helicobacter pylori Antibiotic
Susceptibility in Indonesia: Different Resistance
Types among Regions and with Novel Genetic
Mutations", PLOS ONE, 2016

Publication

<1%

Muhammad Miftahussurur, Yoshio Yamaoka. "
Diagnostic Methods of Infection for
Epidemiological Studies: Critical Importance of
Indirect Test Validation ", BioMed Research
International, 2016

Publication

<1%

Hiroyuki Nagashima, Shun lwatani, Modesto
Cruz, José A. Jiménez Abreu et al.
"Differences in interleukin 8 expression in
Helicobacter pylori —infected gastric mucosa
tissues from patients in Bhutan and the
Dominican Republic", Human Pathology, 2015

Publication

<1%

Tran Thanh Binh, Vo Phuoc Tuan, Ho Dang
Quy Dung, Pham Huu Tung et al. "Advanced
non-cardia gastric cancer and Helicobacter

pylori infection in Vietnam", Gut Pathogens,
2017

Publication

<1%

worldwidescience.org

Internet Source

<1%




Ryoko Kanada. "Genotyping of the cagA gene <1 o
of Helicobacter pylori on °
immunohistochemistry with East Asian CagA-
specific antibody", Pathology International,

4/2008
Publication

lvan Reva. "Virulence genotypes and drug <1 o
resistance of Helicobacter pylori from °
Vladivostok, Russia: another feature in the Far
East : |. Reva et al.", Microbiology and
Immunology, 03/2012
Publication

Yoshio Yamaoka. "Mechanisms of disease: <1 o
Helicobacter pylori virulence factors”, Nature °
Reviews Gastroenterology & Hepatology,

10/12/2010
Publication
cancerres.aacrjournals.or

Internet Source J g < 1 %
academic.oup.com

Internet Source p < 1 %
www.bu.univ-rennes2.fr

Internet Source < 1 %

Kazuyuki Matsuda, Kazuyoshi Yamauchi, <1 o

(0]

Takehisa Matsumoto, Kenji Sano, Yoshio
Yamaoka, Hiroyoshi Ota. " Quantitative



analysis of the effect of on the expressions of ,
, »,,,and MRNAs in human gastric carcinoma
cells "', Scandinavian Journal of
Gastroenterology, 2009

Publication

journals.sagepub.com
JInternet Source g p <1 %
Naito, M.. "Influence of EPIYA-Repeat <1 o

Polymorphism on the Phosphorylation-
Dependent Biological Activity of Helicobacter
pylori CagA", Gastroenterology, 200604

Publication

Exclude quotes Off Exclude matches <10 words

Exclude bibliography  On



The Validation of the CagA Typing by Immunohistochemistry:
Nationwide Applicability in Indonesia

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11

PAGE 12

PAGE 13

PAGE 14

PAGE 15

PAGE 16

PAGE 17

PAGE 18

PAGE 19




PAGE 20

PAGE 21

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 27

PAGE 28




	The Validation of the CagA Typing by Immunohistochemistry: Nationwide Applicability in Indonesia
	by Muhammad Miftahussurur

	The Validation of the CagA Typing by Immunohistochemistry: Nationwide Applicability in Indonesia
	ORIGINALITY REPORT
	PRIMARY SOURCES

	The Validation of the CagA Typing by Immunohistochemistry: Nationwide Applicability in Indonesia
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor




