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Abstract: Infection with Helicobacter pylori (H. pylori) is very common and affecting about 50% of the
worldwide population. Several genetic variations have been implicated in determining the clinical
susceptibility to this infection. In the current study, we examined the association between C1236T
(rs1045642) and C3435T (rs1045642) single nucleotide polymorphisms (SNPs) in the ABCB1 gene and
the prevalence of H. pylori infection among Jordanians. A total of 412 subjects (257 H. pylori-positive
cases and 155 H. pylori-negative controls) were recruited and participated in the study, and the
genotyping of the ABCB1 gene was performed using RFLP-PCR techniques. A significant association
was detected between C1236T and H. pylori infection (p < 0.01). The frequency of CT genotype was
significantly higher in the positive cases (40.1%) compared to the controls (21.3%). In addition, the
C3435T SNP was weakly associated with H. pylori infection (p = 0.077). Haplotype analysis of C1236T
and C3435T SNPs showed that the TT haplotype was present in 22.7% of the positive cases compared
to 30.7% of the negative controls (p < 0.05, odds ratio = 0.663, 95% CI: (0.483–0.911)). Consequently,
the TT haplotype seems to decrease the risk of H. pylori infection. In conclusion, the current results
suggest an association between ABCB1 SNPs and H. pylori infection in the Jordanian population.
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1. Introduction

H. pylori infection is one of the most common bacterial infections, affecting approximately half
of the world population [1,2]. It can cause chronic gastritis, which in turn may be complicated with
peptic ulcer disease, lymphoma, and gastric adenocarcinoma [3,4]. The major factor that affects the
rates of cure from H. pylori infection is the sufficient inhibition of acid secretion using the anti-secretory
agents such as proton pump inhibitors (PPIs) [5,6]. However, the incidence of H. pylori infection and
its sufficient eradication using pharmacological therapies are also affected by genetic factors, such as
those affecting inflammatory cytokines and variants of the genes encoding drug-metabolizing enzymes
and drug transporters [1,7,8].
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The multi-drug resistance gene (ABCB1) is a gene that maps to chromosome 7 and encodes
for P-glycoprotein (P-gp), which is a large transmembrane protein of 170 Kd and functions as an
ATP-dependent efflux pump [9]. The gene is also highly expressed in normal tissues such as brain,
liver, kidney, lymphocytes, placenta, gut, and testes [10]. P-gp plays an important role in regulating
absorption, distribution, and the elimination of drugs [11]. ABCB1 has also been found to mediate the
energy-dependent efflux of xenobiotics in epithelial tissues throughout the human body [12]. On the
other hand, the expression of the ABCB1 gene is highly variable among subjects of the same and
different races, and many variants have been identified in its genetic sequence [9].

Several studies have investigated the relationship between ABCB1 polymorphisms and H. pylori
infection [13–15]. For instance, two Australian studies showed a strong association between them [16,17].
In other studies from Japan, the methylation status of the ABCB1 gene was found to be strongly
associated with H. pylori infection and gastric cancer [18,19]. In addition, ABCB1 polymorphisms
were found to be associated with gastric cancer and were identified as one of the determinants
for the successful eradication of H. pylori using triple therapy with lansoprazole, amoxicillin, and
clarithromycin [20]. Similar findings were reported in a study that was conducted on Polish patients [21].
However, reports on the association between ABCB1 polymorphisms and H. pylori infection from Arabic
populations are still lacking. Therefore, in the current investigation, the association between ABCB1
polymorphisms (C1236T: rs1045642 and C3435T: rs1045642) and H. pylori infection was examined.

2. Materials and Methods

The study was first approved by the Institutional Review Board of Jordan University of Science
and Technology (approval number: 16/6/4/3141, date: 18-10-2017). Patients (>18 years old) who were
scheduled to undergo a gastroscopic examination at King Abdullah University Hospital (KAUH)
were invited to participate in the study. Recruitments were from September 2017 to July 2019.
All participants gave informed consent after a full explanation of the study objectives and procedures.
Patients diagnosed with non-ulcer dyspepsia as established during gastroscopy with normal findings
or mild gastritis were included in the study. On the other hand, patients with a history of gastric surgery
or those who were taking medications in the preceding four weeks (such as anticoagulants, antibiotics,
and proton pump inhibitors) were excluded from the study [22,23]. Participants’ demographics such
as age, gender, height, and weight were collected using a structured questionnaire, and their clinical
history was obtained from their medical files and records.

2.1. Diagnosis of H. pylori Infection

The diagnosis of H. pylori infection was performed using biopsy samples from gastric antrum.
Biopsy sampling is a routine part of the standard diagnostic procedure for those patients who undergo
gastroscopic examination at KAUH. Those samples from the gastric antrum were subjected to further
laboratory testing (see below) for the diagnosis of H. pylori infection [24]. Those patients with
positive tests were considered the positive cases, and those with negative tests were considered the
negative controls.

2.2. Isolation of Genomic DNA

Blood samples for genomic DNA isolation were obtained in EDTA tubes. The DNA was extracted
using a Promega blood kit (Madison, WI, USA) according to the manufacturer’s instructions [25,26].
Concentration of the extracted DNA was measured using a Bio-Rad SmartSpect_3000 device
(Hertfordshire, UK), and the isolated DNA was stored at room temperature (20 ◦C) until used.

2.3. Genotyping of ABCB1 Polymorphisms

Two common polymorphisms in the ABCB1 gene—C1236T and C3435T—were genotyped.
The polymerase chain reaction–restriction fragment length polymorphism (PCR–RFLP) assay was
used for genotyping. PCR conditions, primer sequences, and restriction assays were conducted similar
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to what has been described in our previous work [27]. Restricted fragments were visualized using 2%
agarose gel for both polymorphisms. All gels were documented using a Bio-Rad gel documentation
system (Gel Doc 2000, Hercules, CA, USA).

2.4. Statistical Analysis

Data were analyzed using the SPSS package version for windows. Data were expressed as
continuous variables (mean ± standard deviation) and discrete variables (counts and frequencies), and
were compared using the chi square test. Association between examined SNPs and H. pylori infection
was calculated using the SNPStats website (https://www.snpstats.net/start.htm). Three-locus haplotype
frequencies were calculated using the SHEsis program. Power analysis was carried out using G*Power
version 3.0.10 (Franz Faul, Universität Kiel, Kiel, Germany). Genotype distributions were analyzed for
Hardy–Weinberg equilibrium. A p-value <0.05 was considered significant.

3. Results

A total of 412 subjects who agreed to participate in the study and who were referred for
a gastroscopic examination as part of the diagnosis for H. pylori infection were included. After complete
diagnosis of the patients using a rapid urease test and a histological examination, 257 subjects were
confirmed to be H. pylori-positive (cases), whereas 155 subjects were confirmed to be H. pylori-negative
(controls). Table 1 shows the demographics and clinical characteristics for those participants. The mean
age of controls and cases were 42.6 ± 14.7 years and 40.8 ± 15.2 years, respectively (p > 0.05). Female
subjects represent 48.7% of controls and 51% of cases. Body mass indices (BMIs) were not different
between the two groups. In addition, no differences with respect to the frequencies of hypertension,
diabetes, cardiovascular disease, thyroid dysfunction, and kidney/liver diseases were observed (Table 1).

Table 1. Demographics and clinical characteristics of participants.

Variable Controls Cases p Value

Age 42.6 ± 14.7 40.8 ± 15.2 0.239
Gender

male 64 (41.3) 126 (49.0)
Female 91 (48.7) 131 (51.0) 0.153

BMI 28.1 ± 4.5 28.5 ± 5.2 0.503
Hypertension 25 (16.1) 57 (22.2) 0.161

Diabetes 14 (9.0%) 35 (13.6) 0.209
Cardiovascular Diseases 4 (2.6) 10 (3.9) 0.582

Thyroid Disease 87 (5.1) 8 (3.5) 0.588
Kidney Diseases 2 (1.3) 3 (1.2) 0.912
Liver Diseases 1 (0.6) 5 (1.9) 0.286

The association between the SNPs of the ABCB1 gene (C1236T and C3435T) and H. pylori infection
is shown in Table 2. A significant association between C1236T and H. pylori infection was detected
(p < 0.01). The frequency of the CT genotype was significantly higher in cases (40.1%) compared to
controls (21.3%). Thus, the heterozygotes state was associated with a higher risk for H. pylori infection
compared to the other genotypes.

https://www.snpstats.net/start.htm
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Table 2. Association between SNPs and H. pylori infection as calculated using SNPStats.

MDR1 SNP Cases Controls Odds Ratio (95% CI) p-Value

C1236T
CC 81 (31.5%) 56 (36.1%) 1.00
CT 103 (40.1%) 33 (21.3%) 0.35 (0.21–0.59)
TT 73 (28.4%) 66 (42.6%) 0.76 (0.47–1.23) <0.001

Allele C 265 (52%) 145 (47%)
Allele T 249 (48%) 165 (53%) 1.21 (0.91–1.61) <0.001
C3435T

CC 70 (27.3%) 59 (38.1%) 1.00
TC 134 (52.1%) 70 (45.2%) 0.62 (0.39–0.97)
TT 53 (20.6%) 26 (16.8%) 0.59 (0.33–1.06) 0.070
C 274 (53.3%) 188 (0.61%)
T 240 (46.7%) 122 (39%) 0.74 (0.55–0.98) 0.039

With respect to C3435T SNP, a weak association was detected between this SNP and H. pylori
infection. The TT genotype was lower, whereas TT was higher among H. pylori-positive patients when
compared to H. pylori-negative ones (p = 0.07). When alleles were considered, the frequency of the C
allele was significantly higher among H. pylori-positive subjects (p < 0.05).

Haplotype analysis of C1236T and C3435T SNPs is shown in Table 3. Among all examined
haplotypes, the TT haplotype was present in 22.7% of cases compared to 30.7% of controls (p < 0.05,
odds ratio = 0.663, 95% CI: (0.483–0.911)). Thus, the TT haplotype seems to decrease the risk of H. pylori
infection. No significant association between the rest of the haplotypes and H. pylori infection was
observed (p > 0.05, Table 3).

Table 3. Haplotype analysis.

Haplotype
C1236T/C3435T

Case
(Frequency)

Control
(Frequency) Pearson’s p Odds Ratio

(95%CI)

CC 157.24 (0.306) 92.79 (0.299) 0.84 1.032 (0.759–1.403)
TC 107.76 (0.210) 52.21 (0.168) 0.14 1.310 (0.909–1.888)
TT 116.76 (0.227) 95.21 (0.307) 0.01 0.663 (0.483–0.911)
CT 132.24 (0.257) 69.79 (0.225) 0.29 1.192 (0.856–1.662)

4. Discussion

In the current study, the association between H. pylori infection and the ABCB1 gene polymorphisms
were examined. The results showed a strong association between C1236T, G2677T/A, and H. pylori
infection. In addition, a weak effect for C3435T on H. pylori infection was also observed.

ABCB1 encodes for P-glycoprotein (P-gp), which functions as an ATP-dependent efflux pump
and plays a role in the absorption, distribution, and elimination of drugs [28]. In addition, ABCB1
has been found to mediate the efflux of xenobiotics in epithelial tissues throughout the human body
including the gut [10]. However, the level of expression of ABCB1 varies between subjects depending
on certain polymorphisms that are present in the gene [9].

The results of the current study showed an association between C1236T and C3435T SNPs and H.
pylori infection. This finding is in agreement with previous literature that examined the relationship
between the ABCB1 gene and H. pylori infection and the response to eradication therapies. For example,
a positive relationship between C3435T SNP and H. pylori infection was detected among Australians,
with the TT genotype being associated with a significantly lower P-gp expression compared with
the CC genotype [16]. In addition, differential modulation of P-gp expression was observed in the
TT genotype carriers between H. pylori-negative and H. pylori-positive patients [16]. Thus, a low
expression of P-gp in the stomach epithelium might be associated with an increased risk of H. pylori
infection. In agreement with those findings, the methylation status of the ABCB1 gene was found to be



Genes 2020, 11, 63 5 of 8

strongly associated with H. pylori infection [18,19]. Furthermore, the C3435T polymorphism of MDR1
has been shown to influence H. pylori-related inflammatory conditions in the stomach [17] and to
increase the risk of gastric cancer among Iranian and Japanese subjects [20,29,30]. Finally, the C3435T
SNP has been shown to be associated with clinical outcomes in gastric cancer patients treated with
postoperative adjuvant chemotherapy [31] and H. pylori eradication therapy [32]. Therefore, it can be
postulated that the C1236T and G2677T/A SNPs could be influencing the course of H. pylori infection
via modulating the expression of P-gp and/or the methylation status of corresponding genes leading to
changes in inflammatory processes in the stomach.

With respect to C1236T SNP, the current report is pioneering in that the association of these
variants with H. pylori infection is defined. However, the clinical significance of C1236T in gastric
diseases is not yet well studied. In a previous study, ABCB1 C1236T has been shown to be correlated
with gastric cancer progression [33]. Thus, more studies are needed to confirm the present findings.

Other SNPs in the ABCB1 gene has been shown to be associated with gastric diseases. For example,
a study that was conducted in China showed that G2677T/A SNP was a beneficial predictor of clinical
treatment outcomes in gastric cancer [34]. Similarly, a G2677T/A SNP was shown to be associated with
the chemosensitivity of paclitaxel in gastric cancer [35]. The G159T, A3073C, and A1564T SNPs were
found to be associated with gastric cancer risk [36,37]. Thus, ABCB1 genetic variations seem to play
a role in the susceptibility to H. pylori infection and the subsequent development of gastric cancer.

The findings that ABCB1 SNPs are associated with H. pylori infection are important, as this
infection is found in approximately 60% of the world population [38]. Globally, gastric cancer is still
one of the leading causes of cancer-related deaths worldwide [39,40]. In most of the cases, gastric
cancer is often asymptomatic in its early stages and by the time symptoms starts, the cancer has often
reached an advanced stage and metastasized to other parts of the body [41]. Understanding the risk
factors of H. pylori infection will help in the management of the disease and the subsequent prevention
of gastric cancer.

In the current study, we attempted also to examine the role of the ABCB1 SNPs in the eradication
of H. pylori using the triple therapy regimen. However, most of the recruited patients (>90%) showed
complete eradications, so such analysis was not feasible. Increasing the sample size in future studies
might allow for such an analysis. In addition, we did not examine the relationships between SNPs
and the pathogenesis of chronic stomach issues or the methylation status of ABCB1 DNA or how
such methylation might affect the expression of the ABCB1 gene. Moreover, for diagnosis of H. pylori
infection, we sampled antrum only and used it, in addition to immunoglobulin testing, as a base for
H. pylori diagnosis. Previous studies have shown that, in some cases, H. pylori may migrate towards
the corpus [42]. Therefore, the presence of some false negatives among H. pylori-negative patients
cannot be excluded. Overcoming such limitations in future studies is strongly recommended.

In conclusion, ABCB1 SNPs seem to be associated with H. pylori infection in the Jordanian
population. A strong association between C1236T and H. pylori infection was detected, whereas C3435T
SNP showed a weak effect.

Author Contributions: Conceptualization: M.N.B., O.F.K., K.H.A., N.A.B., M.A.K.S., S.H.S., and N.A.; data
curation: O.F.K., K.H.A., and N.A.; formal analysis: O.F.K. and K.H.A.; funding acquisition: K.H.A. and
N.A.B.; investigation: M.N.B., K.H.A., and S.H.S.; methodology: M.N.B., M.A.K.S., S.H.S., and N.A.; project
administration: M.N.B., O.F.K., K.H.A., and N.A.B.; resources: M.N.B., K.H.A., and M.A.K.S.; software: K.H.A.
and N.A.; supervision: M.N.B., O.F.K., and K.H.A.; validation: M.N.B. and N.A.; visualization: M.N.B.;
writing—original draft: M.N.B., O.F.K., K.H.A., and S.H.S.; writing—review & editing: M.N.B., O.F.K., K.H.A.,
N.A.B., M.A.K.S., and N.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Scientific Research Funds (SRF), Ministry of Higher Education and
Scientific Research, Amman, Jordan: MPH/2/19/2016.

Acknowledgments: The authors would like to thank Jordan SRF for funding the study (MPH/2/19/2016).
In addition, the authors thank Jordan University of Science and Technology for its support.

Conflicts of Interest: The authors declare that there is no conflict of interest.



Genes 2020, 11, 63 6 of 8

References

1. Boyanova, L.; Hadzhiyski, P.; Kandilarov, N.; Markovska, R.; Mitov, I. Multidrug resistance in Helicobacter
pylori: Current state and future directions. Expert Rev. Clin. Pharmacol. 2019, 12, 909–915. [CrossRef]

2. Curado, M.P.; de Oliveira, M.M.; de Araujo Fagundes, M. Prevalence of Helicobacter pylori infection in Latin
America and the Caribbean populations: A systematic review and meta-analysis. Cancer Epidemiol. 2019, 60,
141–148. [CrossRef]

3. Abdi, E.; Latifi-Navid, S.; Zahri, S.; Yazdanbod, A.; Pourfarzi, F. Risk factors predisposing to cardia gastric
adenocarcinoma: Insights and new perspectives. Cancer Med. 2019, 8, 6114–6126. [CrossRef]

4. Kishikawa, H.; Ojiro, K.; Nakamura, K.; Katayama, T.; Arahata, K.; Takarabe, S.; Miura, S.; Kanai, T.;
Nishida, J. Previous Helicobacter pylori infection-induced atrophic gastritis: A distinct disease entity in
an understudied population without a history of eradication. Helicobacter 2019, 25, e12669. [CrossRef]

5. Minalyan, A.; Gabrielyan, L.; Scott, D.; Jacobs, J.; Pisegna, J.R. The Gastric and Intestinal Microbiome: Role of
Proton Pump Inhibitors. Curr. Gastroenterol. Rep. 2017, 19, 42. [CrossRef]

6. Mohammadi, M.; Attaran, B.; Malekzadeh, R.; Graham, D.Y. Furazolidone, an Underutilized Drug for H.
pylori Eradication: Lessons from Iran. Dig. Dis. Sci. 2017, 62, 1890–1896. [CrossRef] [PubMed]

7. de Brito, B.B.; da Silva, F.A.F.; Soares, A.S.; Pereira, V.A.; Santos, M.L.C.; Sampaio, M.M.; Neves, P.H.M.;
de Melo, F.F. Pathogenesis and clinical management of Helicobacter pylori gastric infection. World J.
Gastroenterol. 2019, 25, 5578–5589. [CrossRef]

8. Khien, V.V.; Thang, D.M.; Hai, T.M.; Duat, N.Q.; Khanh, P.H.; Ha, D.T.; Binh, T.T.; Dung, H.D.Q.; Trang, T.T.H.;
Yamaoka, Y. Management of Antibiotic-Resistant Helicobacter pylori Infection: Perspectives from Vietnam.
Gut Liver 2019, 13, 483–497. [CrossRef] [PubMed]

9. Wolking, S.; Schaeffeler, E.; Lerche, H.; Schwab, M.; Nies, A.T. Impact of Genetic Polymorphisms of ABCB1
(MDR1, P-Glycoprotein) on Drug Disposition and Potential Clinical Implications: Update of the Literature.
Clin. Pharm. 2015, 54, 709–735. [CrossRef] [PubMed]

10. Brambila-Tapia, A.J. MDR1 (ABCB1) polymorphisms: Functional effects and clinical implications. Rev. Investig.
Clin. 2013, 65, 445–454.

11. Bruckl, T.M.; Uhr, M. ABCB1 genotyping in the treatment of depression. Pharmacogenomics 2016, 17, 2039–2069.
[CrossRef] [PubMed]

12. Choudhuri, S.; Klaassen, C.D. Structure, function, expression, genomic organization, and single nucleotide
polymorphisms of human ABCB1 (MDR1), ABCC (MRP), and ABCG2 (BCRP) efflux transporters. Int. J.
Toxicol. 2006, 25, 231–259. [CrossRef] [PubMed]

13. Gawronska-Szklarz, B.; Siuda, A.; Kurzawski, M.; Bielicki, D.; Marlicz, W.; Drozdzik, M. Effects of CYP2C19,
MDR1, and interleukin 1-B gene variants on the eradication rate of Helicobacter pylori infection by triple
therapy with pantoprazole, amoxicillin, and metronidazole. Eur. J. Clin. Pharmacol. 2010, 66, 681–687.
[CrossRef] [PubMed]

14. Oliveira, J.; Felipe, A.V.; Chang, P.Y.; Pimenta, C.A.; Silva, T.D.; Massud, J.; Forones, N.M. Association
between the C3435T single-nucleotide polymorphism of multidrug resistance 1 gene and risk of gastric
cancer. Mol. Med. Rep. 2012, 6, 395–398. [CrossRef]

15. Rocco, A.; Compare, D.; Liguori, E.; Cianflone, A.; Pirozzi, G.; Tirino, V.; Bertoni, A.; Santoriello, M.; Garbi, C.;
D’Armiento, M.; et al. MDR1-P-glycoprotein behaves as an oncofetal protein that promotes cell survival in
gastric cancer cells. Lab. Investig. 2012, 92, 1407–1418. [CrossRef]

16. Omar, M.; Crowe, A.; Parsons, R.; Ee, H.; Tay, C.Y.; Hughes, J. P-glycoprotein expression in Helicobacter
pylori-positive patients: The influence of MDR1 C3435T polymorphism. J. Dig. Dis. 2012, 13, 414–420.
[CrossRef]

17. Tahara, T.; Shibata, T.; Yamashita, H.; Hirata, I.; Arisawa, T. Influence of MDR1 polymorphism on H.
pylori-related chronic gastritis. Dig. Dis. Sci. 2011, 56, 103–108. [CrossRef]

18. Tahara, T.; Arisawa, T.; Shibata, T.; Yamashita, H.; Yoshioka, D.; Hirata, I. Effect of promoter methylation of
multidrug resistance 1 (MDR1) gene in gastric carcinogenesis. Anticancer Res. 2009, 29, 337–341. [CrossRef]

19. Tahara, T.; Shibata, T.; Yamashita, H.; Yoshioka, D.; Hirata, I.; Arisawa, T. Promoter methylation status of
multidrug resistance 1 (MDR1) gene in noncancerous gastric mucosa correlates with Helicobacter Pylori
infection and gastric cancer occurrence. Cancer Investig. 2010, 28, 711–716. [CrossRef]

http://dx.doi.org/10.1080/17512433.2019.1654858
http://dx.doi.org/10.1016/j.canep.2019.04.003
http://dx.doi.org/10.1002/cam4.2497
http://dx.doi.org/10.1111/hel.12669
http://dx.doi.org/10.1007/s11894-017-0577-6
http://dx.doi.org/10.1007/s10620-017-4628-5
http://www.ncbi.nlm.nih.gov/pubmed/28577244
http://dx.doi.org/10.3748/wjg.v25.i37.5578
http://dx.doi.org/10.5009/gnl18137
http://www.ncbi.nlm.nih.gov/pubmed/31009957
http://dx.doi.org/10.1007/s40262-015-0267-1
http://www.ncbi.nlm.nih.gov/pubmed/25860377
http://dx.doi.org/10.2217/pgs.16.18
http://www.ncbi.nlm.nih.gov/pubmed/27918249
http://dx.doi.org/10.1080/10915810600746023
http://www.ncbi.nlm.nih.gov/pubmed/16815813
http://dx.doi.org/10.1007/s00228-010-0818-1
http://www.ncbi.nlm.nih.gov/pubmed/20376628
http://dx.doi.org/10.3892/mmr.2012.926
http://dx.doi.org/10.1038/labinvest.2012.100
http://dx.doi.org/10.1111/j.1751-2980.2012.00606.x
http://dx.doi.org/10.1007/s10620-010-1251-0
http://dx.doi.org/10.1016/S0016-5085(09)63434-X
http://dx.doi.org/10.3109/07357907.2010.483505


Genes 2020, 11, 63 7 of 8

20. Tahara, T.; Arisawa, T.; Shibata, T.; Hirata, I.; Nakano, H. Multi-drug resistance 1 polymorphism is associated
with reduced risk of gastric cancer in the Japanese population. J. Gastroenterol. Hepatol. 2007, 22, 1678–1682.
[CrossRef]

21. Gawronska-Szklarz, B.; Wrzesniewska, J.; Starzynska, T.; Pawlik, A.; Safranow, K.; Ferenc, K.; Drozdzik, M.
Effect of CYP2C19 and MDR1 polymorphisms on cure rate in patients with acid-related disorders with
Helicobacter pylori infection. Eur. J. Clin. Pharmacol. 2005, 61, 375–379. [CrossRef] [PubMed]

22. Phiphatpatthamaamphan, K.; Vilaichone, R.K.; Siramolpiwat, S.; Tangaroonsanti, A.; Chonprasertsuk, S.;
Bhanthumkomol, P.; Pornthisarn, B.; Mahachai, V. Effect of IL-1 Polymorphisms, CYP2C19 Genotype and
Antibiotic Resistance on Helicobacter pylori Eradication Comparing Between 10-day Sequential Therapy and
14-day Standard Triple Therapy with Four-Times-Daily-Dosing of Amoxicillin in Thailand: A Prospective
Randomized Study. Asian Pac. J. Cancer Prev. 2016, 17, 1903–1907. [PubMed]

23. Saito, Y.; Serizawa, H.; Kato, Y.; Nakano, M.; Nakamura, M.; Saito, H.; Suzuki, H.; Kanai, T. First-line
eradication for Helicobacter pylori-positive gastritis by esomeprazole-based triple therapy is influenced by
CYP2C19 genotype. World J. Gastroenterol. 2015, 21, 13548–13554. [CrossRef]

24. Kuo, C.H.; Lu, C.Y.; Shih, H.Y.; Liu, C.J.; Wu, M.C.; Hu, H.M.; Hsu, W.H.; Yu, F.J.; Wu, D.C.; Kuo, F.C. CYP2C19
polymorphism influences Helicobacter pylori eradication. World J. Gastroenterol. 2014, 20, 16029–16036.
[CrossRef]

25. Alzoubi, K.H.; Khabour, O.F.; Hassan, R.E.; Qarqaz, F.; Al-Azzam, S.; Mhaidat, N. The effect of genetic
polymorphisms of RARA gene on the adverse effects profile of isotretinoin-treated acne patients. Int. J. Clin.
Pharmacol. Ther. 2013, 51, 631–640. [CrossRef]

26. Khabour, O.F.; Abu-Rumeh, L.; Al-Jarrah, M.; Jamous, M.; Alhashimi, F. Association of adiponectin protein
and ADIPOQ gene variants with lumbar disc degeneration. Exp. Ther. Med. 2014, 8, 1340–1344. [CrossRef]

27. Alzoubi, K.H.; Khabour, O.F.; Al-Azzam, S.I.; Mayyas, F.; Mhaidat, N.M. The role of Multidrug Resistance-1
(MDR1) variants in response to atorvastatin among Jordanians. Cytotechnology 2015, 67, 267–274. [CrossRef]

28. Aszalos, A. Drug-drug interactions affected by the transporter protein, P-glycoprotein (ABCB1, MDR1) II.
Clinical aspects. Drug Discov. Today 2007, 12, 838–843. [CrossRef]

29. Sabahi, Z.; Salek, R.; Heravi, R.E.; Mosaffa, F.; Avanaki, Z.J.; Behravan, J. Association of gastric cancer
incidence with MDR1 gene polymorphism in an ethnic Iranian population. Indian J. Cancer 2010, 47, 317–321.
[CrossRef]

30. Sugimoto, M.; Furuta, T.; Shirai, N.; Kodaira, C.; Nishino, M.; Yamade, M.; Ikuma, M.; Sugimura, H.;
Ishizaki, T.; Hishida, A. MDR1 C3435T polymorphism has no influence on developing Helicobacter pylori
infection-related gastric cancer and peptic ulcer in Japanese. Life Sci. 2008, 83, 301–304. [CrossRef]

31. Li, Y.; Yan, P.W.; Huang, X.E.; Li, C.G. MDR1 gene C3435T polymorphism is associated with clinical outcomes
in gastric cancer patients treated with postoperative adjuvant chemotherapy. Asian Pac. J. Cancer Prev. 2011,
12, 2405–2409. [PubMed]

32. Maev, I.V.; Andreev, D.N. Molecular genetic predictors of resistance to anti-Helicobacter pylori therapy.
Ter. Arkhiv 2017, 89, 5. [CrossRef] [PubMed]

33. Zebrowska, M.; Salagacka, A.; Jelen, A.; Jesionek-Kupnicka, D.; Mirowski, M.; Balcerczak, E. Is the ABCB1
gene associated with the increased risk of gastric cancer development?–preliminary research. Pathol. Res.
Pract. 2014, 210, 872–878. [CrossRef]

34. Chen, J.; Ying, X.; Zhang, L.; Xiang, X.; Xiong, J. Influence of TS and ABCB1 gene polymorphisms on survival
outcomes of 5-FU-based chemotherapy in a Chinese population of advanced gastric cancer patients. Wien.
Klin. Wochenschr. 2017, 129, 420–426. [CrossRef] [PubMed]

35. Zhou, J.; Deng, W.; Gao, J.; Yuan, J.; Li, Y.; Shen, L. Association between ABCB1 G2677T/A polymorphisms
and chemosensitivity of paclitaxel in advanced gastric cancer. Zhonghua Wei Chang. Wai Ke Za Zhi 2015, 18,
123–126. [PubMed]

36. Qiao, W.; Wang, T.; Zhang, L.; Tang, Q.; Wang, D.; Sun, H. Association between single genetic polymorphisms
of MDR1 gene and gastric cancer susceptibility in Chinese. Med Oncol. 2013, 30, 643. [CrossRef] [PubMed]

37. Zhou, X.; Xu, L.; Yin, J. Association between the c.3073A>C genetic polymorphism of the MDR1 gene and
susceptibility to gastric cancer in the Chinese Han population. Genet. Test. Mol. Biomark. 2014, 18, 66–69.
[CrossRef]

38. Cover, T.L. Helicobacter pylori Diversity and Gastric Cancer Risk. mBio 2016, 7, e01869-15. [CrossRef]

http://dx.doi.org/10.1111/j.1440-1746.2007.04848.x
http://dx.doi.org/10.1007/s00228-005-0901-1
http://www.ncbi.nlm.nih.gov/pubmed/15976989
http://www.ncbi.nlm.nih.gov/pubmed/27221874
http://dx.doi.org/10.3748/wjg.v21.i48.13548
http://dx.doi.org/10.3748/wjg.v20.i43.16029
http://dx.doi.org/10.5414/CP201874
http://dx.doi.org/10.3892/etm.2014.1909
http://dx.doi.org/10.1007/s10616-013-9682-z
http://dx.doi.org/10.1016/j.drudis.2007.07.021
http://dx.doi.org/10.4103/0019-509X.64723
http://dx.doi.org/10.1016/j.lfs.2008.06.022
http://www.ncbi.nlm.nih.gov/pubmed/22296392
http://dx.doi.org/10.17116/terarkh20178985-12
http://www.ncbi.nlm.nih.gov/pubmed/28914844
http://dx.doi.org/10.1016/j.prp.2014.08.003
http://dx.doi.org/10.1007/s00508-016-1147-x
http://www.ncbi.nlm.nih.gov/pubmed/28074308
http://www.ncbi.nlm.nih.gov/pubmed/25656118
http://dx.doi.org/10.1007/s12032-013-0643-3
http://www.ncbi.nlm.nih.gov/pubmed/23801278
http://dx.doi.org/10.1089/gtmb.2013.0349
http://dx.doi.org/10.1128/mBio.01869-15


Genes 2020, 11, 63 8 of 8

39. Cheng, X.J.; Lin, J.C.; Tu, S.P. Etiology and Prevention of Gastric Cancer. Gastrointest. Tumors 2016, 3, 25–36.
[CrossRef]

40. Petrovchich, I.; Ford, J.M. Genetic predisposition to gastric cancer. Semin. Oncol. 2016, 43, 554–559. [CrossRef]
41. Beeharry, M.K.; Liu, W.T.; Yan, M.; Zhu, Z.G. New blood markers detection technology: A leap in the

diagnosis of gastric cancer. World J. Gastroenterol. 2016, 22, 1202–1212. [CrossRef] [PubMed]
42. Van IJzendoorn, M.C.; Laheij, R.J.; de Boer, W.A.; Jansen, J.B. The importance of corpus biopsies for the

determination of Helicobacter pylori infection. Neth. J. Med. 2005, 63, 141–145. [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1159/000443995
http://dx.doi.org/10.1053/j.seminoncol.2016.08.006
http://dx.doi.org/10.3748/wjg.v22.i3.1202
http://www.ncbi.nlm.nih.gov/pubmed/26811658
http://www.ncbi.nlm.nih.gov/pubmed/15869042
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Diagnosis of H. pylori Infection 
	Isolation of Genomic DNA 
	Genotyping of ABCB1 Polymorphisms 
	Statistical Analysis 

	Results 
	Discussion 
	References

