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Abstract
The complex interplay between H. pylori and autophagy was elucidated in gastritis in term of host defense and 
survival of microbe. However, H. pylori frequently succeed in their survival and develops more aggressive tissue 
damage by different ways. A total of 80 gastritis patients undergoing gastroscopy during September, 2013 to August, 
2014. Formalin fixed paraffin embedded gastric tissue were prepared for immunohistochemistry evaluation of 
ATG16L1, LC3C and vacA protein expression. Rapid urease test was used to discriminate between H. pylori or none 
H. pylori gastritis. Xenophagy index was elevated among both urease and IgG positive cases (29.86% and 27.13%) 
compared with negative cases (13.43% and 17.6% respectively (p<0.001). vacA have been found in 62.5% of urease 
positive cases and 55.88% of IgG positive cases. The higher xenophagy index score found to be associated with 
vacA positive cases (p=0.002). Xenophagy index to be associated with chronic H. pylori infection and this might be 
related to vacA positivity.

Keywords: H. pylori, Xenophagy and gastritis.



  www.microbiologyjournal.org1796

Ghazi et al. J Pure Appl Microbiol, 12(4), 1795-1800 | Dec. 2018 | http://dx.doi.org/10.22207/JPAM.12.4.12

Journal of Pure and Applied Microbiology

INTRODUCTION
 The Gram-negative bacteria “Helicobacter 
pylori” being one of the most common bacterial 
infections worldwide1. H. pylori possess wide range 
of tissue pathology like: atrophic gastritis, peptic 
ulcer and neoplasia2. Chronic gastritis represents 
the most frequent gastropathy depending on the 
intensity and persistence of bacterium3. H. pylori 
infection activates an inflammatory response 
in its host which leads to the recruitment of 
macrophages, neutrophils, and lymphocytes to the 
gastric tissue4. H. pylori can efficiently inhibit its 
own uptake by these professional phagocytes. This 
antiphagocytic phenotype which constitute the 
majority of these bacterium can reside within the 
mucosa or with the epithelium5-8, macrophages9, 
and dendritic cells (DCs)10. 
 Xenophagy is a specific form of autophagy 
that targets intracellular pathogens as cargo and 
makes critical contributions to both the innate 
and adaptive immune response to infection11. In 
general, the induction of autophagy by pathogenic 
bacteria is triggered by virulence factors or 
bacterial components12. Vacuolating cytotoxin-A, 
VacA, one of the most important virulence factors 
produced by H. pylori causing massive cytoplasmic 
vacuolation in cultured cells13. In vitro studies 
have been reported that vacA can modulate host 
cell activities including autophagy14. To the best 
of our knowledge, no clinical data have reported 
an association between the presence of vacA and 
xenophagy markers. This study aims to investigate 
the possible association between the presence of 
vacA toxin and “xenophagy index” LC3C/ATG16L1 
ratio determined by immunohistochemistry.

PATIENTS AND METHODS
 This cross-sectional analytical study 
conducted in the department Microbiology & 
Immunology and Pathology Department, College 
of Medicine, AL-Nahrain University during the 
period of September, 2013 to August, 2014. A 
total of 80 patients attending gastroenterology 
units in Gastroenterology and Hepatology Teaching 
Hospital and Al-Emamain Al-Kadhemain Medical 
City suffering from dyspepsia and requiring upper 
gastrointestinal endoscopy were included. The 
study was approved by College of Medicine – AL-
Nahrain University institutional review board, and 

written informed consent was obtained from each 
patient. 
 From each patient, blood sample was 
taken and serum was separated and stored in 
- 20°C for serology (anti H. pylori IgM and IgG 
antibodies) according manufacturer instruction. 
Two endoscopic biopsies were taken from the 
lesion of stomach, one of these biopsies was 
processed as soon as possible for rapid urease test 
and the second one preserved in neutral buffered 
formalin for routine Hematoxylin and eosin stain 
and immunohistochemistry.
 The tissue sections were stained by 
ATG16L1 (bs-4007R) and LC3C (bs-20416R) 
polyclonal antibodies purchased from Bioss ® and 
visualized by LSAB System-HRP Dako (K0679). The 
immunoreactivity was evaluated by calculating 
the percentage of positive protein expression. 
The relative xenophagy index were calculated 
by dividing LC3C over ATG16L1 percentage of 
expression, then scoring system were expressed 
according to decimal intervals as the follow; score 
1: ≤0.1, score 2: 0.11-0.2, score 3: 0.21-0.3, score 
4: 0.31-0.4 and so on.
Statistical analysis
 The statistical analysis was done by using 
Graphpad PRISM ® version 6. Crosstab model 
used to estimate association of allelic variant 
among study groups and relative risk (RR) and 
corresponding 95% CIs were estimated. ANOVA 
test were used to compare means of numerical 
variables between more than two groups.

RESULTS
 The study subjects comprise 80 patients 
their mean age was 40.31 and ranged from 15-
69 years old. Female were 48 patients, 21 were 
smokers, only 5 were alcohol drinkers, 64 patients 
presented with abdominal pain, 44 with nausea, 
37 with vomiting. According to rapid urease test, 
40 patients were H. pylori positive and 40 patients 
were considered as negative.
 The serological evaluation of serum 
anti-H. pylori IgM antibody were detected in 6 
patients, while, 34 patients were IgG positive. 
LC3C (Xenophagy marker) is differentially 
expressed in gastritis
 The gastric epithelial cells were evaluated 
for expression of LC3C among gastritis patients. 
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According to rapid urease results, LC3C WAS 
highly expressed in tissue biopsies with positive 
rapid urease 23.78±7.49 than those negative 
group 8.55±3.8 (p<0.001), while, none significant 
difference of LC3C molecule between patients 
whom IgM positive 16.83±10.55 and those with 
IgM negative 16.11±9.67 (p=0.861). interestingly, 
IgG positive cases have had statistically significant 
(p<0.001) LC3C expression in gastric epithelium 
(20.62±9.16) compared with those IgG negative 
(12.87±8.75). Autophagy related protein 
(ATG16L1) were significantly higher in expressed 
in epithelial cells with positive urease test 
(79.47±5.94) compared with urease negative 
group (64.73±11.35). 
 While, none significant difference in 
the mean of ATG16L1 expression between IgM 
positive group (69.33±16.65) and IgM negative 
group (68.57±11.2), also, between IgG positive 
group (73.32±10.71) and IgG negative group 
(69.46±12.18). 
 These results might indicate an increased 
expression of xenophagy related molecules in 
gastric epithelial cells in patients with an evidence 
of presence of H. pylori with active urease test in 
their tissue or who had been previously infected 

with the bacterium as indicated by positive 
serum IgG. This suggestion has been noted 
when we divided LC3C over ATG16L1 percentage 
of expression to suggest a relative xenophagy 
index, accordingly, this index was higher among 
rapid urease tissue biopsies (29.86±8.94) and 
IgG positive group (27.13±10.81) compared with 
negative urease group (13.43±5.96) and IgG 
negative group (17.6±9.74) p value <0.001) (Table 
2).

Table 1. Patients characteristics included in the study

  Value 

Age (years) mean±SD 40.31±13.85
Median (Min-Max) 39 (15-69)
Gender male (%) 32 (40)
Smoker (%) 21 (26.2)
Drinker (%) 5 (6.2)
Abdominal pain (%) 64 (80)
Nausea (%) 44 (55)
Vomiting (%) 37 (46.2)
Rapid urease test 40 (50)
IgM 6 (7.5)
IgG 34 (42.5)

Total number= 80.

Table 2. Immunohistochemical evaluation of autophagy related proteins and xenophagy index. 

  Rapid urease test     IgM     IgG

  No (n=40) Yes (n=40) No (n=74) Yes (n=6) No (n=46) Yes (n=34)

LC3C  8.55±3.8 23.78±7.49 16.11±9.67 16.83±10.55 12.87±8.75 20.62±9.16
 P value     <0.001**     0.861 NS     <0.001**
ATG16L1  64.73±11.35 79.47±5.94 68.57±11.2 69.33±16.65 69.46±12.18 73.32±10.71
 P value     <0.001**     0.210 NS     0.144 NS

LC3C/ATG16L1 ratio 13.43±5.96 29.86±8.94 21.48±11.29 23.67±10.77 17.6±9.74 27.13±10.81
(Xenophagy Index)
 P value     <0.001**     0.649NS     <0.001**
  Score 1 14 (35) 0 (0) 14 (18.9) 0 (0) 12 (26.1) 2 (5.9)
 Score 2 22 (55) 3 (7.5) 22 (29.7) 3 (50) 19 (41.3) 6 (17.6)
Xenophagy Score 3 4 (10) 20 (50) 22 (29.7) 2 (33.30) 11 (23.9) 13 (38.2)
index Score 4 0 (0) 12 (30) 12 (16.2) 0 (0) 3 (6.5) 9 (26.5)
 Score 5 0 (0) 5 (12.5) 4 (5.4) 1 (16.7) 1 (2.2) 4 (11.8)
 P value     <0.001**     0.407NS     <0.001*
vacA Negative 39 (97.5) 15 (37.5) 52 (70.27) 2 (33.33) 39 (84.78) 15 (44.12)
 Positive 1 (2.5) 25 (62.5) 22 (29.73) 4 (66.67) 7 (15.22) 19 (55.88)
 P value     <0.001     0.084     <0.001

NS: none statistical significance (p>0.05)
*: Statistical significance (p≤0.05).
**: Highly statistical significance (p≤0.001).



  www.microbiologyjournal.org1798

Ghazi et al. J Pure Appl Microbiol, 12(4), 1795-1800 | Dec. 2018 | http://dx.doi.org/10.22207/JPAM.12.4.12

Journal of Pure and Applied Microbiology

Xenophagy index is correlated with vacuolating 
cytotoxin expression
 Furthermore, this study investigates the 
expression of vacA protein in gastritis cases using 
immunohistochemistry staining method. vacA 
positive cases were 32.5% (26 out of 80 patients). 
Furthermore, its expression found to be associated 
with active urease positive cases 62.5% were vacA 
positive among 40 urease positive cases (p<0.001) 
and IgG positive cases in which 55.88% were vacA 
positive (p<0.001). however, none significant 
association had been found with IgM positive cases 
p=0.084 (Table 2). 
 Further analysis of results of vacA protein 
expression and xenophagy score, the results 
showed that a statistically significant association 
(p=0.002). in which, higher percentage 30%, 34% 
of vacA positive were score 3 and 4 respectively 
while, in vac A negative cases a higher percentage 
found in were score 2 and 3 in which 38.89% and 
29.63% respectively (Table 3).

DISCUSSION
 The chronicity of H. pylori infection, until 
last decade had been attributed to the complex 
interaction between virulence factors produced 
by H. pylori like: cagA and vacA and host innate 
immune defense mechanisms5,12,15. The current 
study provides an index for xenophagy process 
based on relative protein expression of LC3C/
ATG16L1. The measurement of antimicrobial 
phagocytosis process is essential to describe an 
innate immune mechanism against microbe (s) 
in pathological cases16. Here in this study we try 
to describe the cross-talk between Helicobacter 

Table 3. Association between vacA expression and xenophagy index in 
gastric epithelial cells

      vacA Total

  Positive Negative 

 Score 1 2 (7.69) 12 (22.22) 14
 Score 2 4 (7.38) 21 (38.89) 25
Xenophagy index Score 3 8 (30.77) 16 (29.63) 24
 Score 4 9 (34.62) 3 (5.56) 12
 Score 5 3 (11.54) 2 (3.7) 5

Total 26 54  
P value 0.002* 
*: Statistical significance (p≤0.05).

Fig. 1. Immunohistochemical localization of ATG16L1 
(A), LC3C (B) and vacA (C), stained by specific primary 
and visualized by peroxidase staining system on gastritis 
tissue section. 400X original magnification.
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B
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pylori and gastric epithelial expression of both 
LC3C and ATG16L1 molecules which are essential 
for complete phagosome assembly against 
microbe17,18. The results showed that patients with 
higher expression of xenophagy index were 
 In this study, it’s a first time that reports 
an association between the presence of vacA 
protein and higher index of LC3C/ATG16L1 
proteins (xenophagy index) in gastric epithelial 
cells. The localization of these markers in gastric 
tissue biopsies (Fig. 1) provide an evidence for 
this relationship. At experimental level, studies 
have been reported that vacA producing H. 
pylori have the ability to invade AGS cell line, 
forming large vacuoles, which enhance long term 
survival of bacteria while vacA negative did not5. 
Furthermore, vacA have the ability to reduce 
cellular activities like: impaired production of 
cathepsin D that results in inability to eliminate 
bacteria5,19, inhibition of T cell activation20,21, 
proliferation22 and induction of apoptosis in gastric 
epithelial cells23. 
 They found that vacA can modulate 
cellular autophagy process, Jones, et al., showed 
that vacA can promote survival in gastric epithelial 
cell line5 and macrophages24. Furthermore, H. 
pylori trigger phagosome formation within the cell 
containing bacterial components which is similar 
to vacA induced vacuoles that characterized by 
LC3B puncta formation25. 
 This study found an association between 
active urease secretion and IgG positive patients 
with higher expression of LC3C protein, higher 
scores of xenophagy index and vacA positive 
cases. The chronicity of gastritis was achieved 
by Gram negative bacterium that actively invade 
gastric epithelium and evasion of host defense 
mechanisms. The chronic vacA exposure can 
promote inhibition of autophagy rather than 
induction and elimination of bacteria(26) inducing 
accumulation of lysosomes and larger vacuole 
containing bacteria(27). Moreover, longer 
persistence of bacterium would results in more 
advanced gastro-duodenal  ulceration(28) and 
gastric cancer(15).
 Clinically, based on immunohistochemical 
localization of vacA and determination of 
xenophagy index (LC3C/ATG16L1 ratio) gives 
further evidence that this bacterium modulates 

autophagy process and can persist in gastric 
epithelial cells of chronic gastritis patients.
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