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ABSTRACT 1 

Background: Hepcidin is an antimicrobial peptide and a key hormone involved in iron 2 

homeostasis. Hepcidin level is elevated in the serum during the course of Helicobacter pylori 3 

infection and hepcidin is considered to contribute to iron deficiency anemia. However, it is 4 

unclear whether H. pylori infection influences hepcidin expression in the gastric mucosa.  5 

Method: In this study, 15 patients with H. pylori infected nodular gastritis, 43 patients with H. 6 

pylori infected chronic gastritis, and 33 patients without H. pylori infection were enrolled. 7 

Endoscopic biopsy and immunohistochemical analysis were performed to evaluate the 8 

expression of hepcidin and its distribution in the gastric mucosa  9 

Result: Hepcidin was strongly expressed in the lymph follicles of patients with nodular 10 

gastritis. The detection rates of gastric hepcidin-positive lymphocytes in patients with nodular 11 

gastritis and chronic gastritis were significantly higher than that without H. pylori infection. 12 

Moreover, regardless of the H. pylori infection status, hepcidin was expressed in the 13 

cytoplasm and intracellular canaliculi of gastric parietal cells.  14 

Conclusion: Hepcidin is expressed in gastric parietal cells in a steady state, and H. pylori 15 

infection can induce hepcidin expression in lymphocytes present in the gastric mucosal 16 

lymphoid follicles. This phenomenon may be associated with systemic hepcidin 17 

overexpression and iron deficiency anemia in patients with H.pylori-infected nodular gastritis. 18 
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INTRODUCTION 1 

Hepcidin, a disulfide-rich peptide comprising 25-amino acids, was initially identified as an 2 

endogenous antimicrobial peptide belonging to the defensin family[1-3]. Recently, it was 3 

reported that hepcidin also acts as a regulatory hormone of iron homeostasis by binding to 4 

ferroportin, which decreases iron absorption in duodenal enterocytes and iron release from 5 

macrophages. Hepcidin is mainly expressed in the liver and is weakly expressed in other 6 

organs and cells, such as the kidney, stomach, small intestine, large intestine, muscles, heart, 7 

lungs, macrophages, monocytes, lymphocytes, and adipocytes[2,4-6]. However, the role of 8 

hepcidin in organs other than the liver is unclear. 9 

Helicobacter pylori infection is associated with iron deficiency and iron deficiency anemia 10 

(IDA)[7-9], which also appears to be linked with elevated hepcidin production[10-14]. Our 11 

previous study showed that iron deficiency was accompanied by high levels of serum 12 

prohepcidin, a precursor of hepcidin, in patients with H. pylori-infected nodular gastritis 13 

(NG); this suggested that iron deficiency in the patients with NG is related to hepcidin[15]. 14 

NG is characterized by lymph follicles in the gastric mucosa with a gross appearance of 15 

goose flesh-like markings; thus, it is described as gastric lymphoid hyperplasia, follicular 16 

gastritis, or antral NG according to its endoscopic appearance (Figure 1) or histological 17 

findings[16]. A few other reports have also described the presence of IDA in patients with 18 

NG; however, the cause of iron deficiency or IDA in patients with NG is unknown. 19 

Furthermore, no studies have evaluated hepcidin expression in the gastric mucosa of patients 20 

with NG, and little is known about the relationship between gastric mucosal expression of 21 

hepcidin and H. pylori infection. Therefore, in this study, we investigated the expression of 22 

hepcidin in the gastric mucosa of patients with H. pylori-infected chronic gastritis (CG), 23 

patients with H. pylori-infected NG, and compared with uninfected patients using 24 
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immunohistochemistry to determine the effect of H. pylori infection on hepcidin expression 1 

in the gastric mucosa.  2 

 3 

MATERIALS AND METHODS 4 

Patients and sample collection 5 

Patients diagnosed with H.pylori infected NG, H.pylori infected CG, and those without 6 

H.pylori infection were recruited. Diagnosis of H.pylori infection was based on the result of 7 

fecal antigen test and bacterial culture test of H. pylori. Esophagogastroduodenoscopy was 8 

performed, and biopsy specimens were obtained from the greater curvature of the gastric 9 

antrum and corpus. More than two biopsy specimens from the greater curvature of the gastric 10 

antrum and corpus were used for the bacterial culture test of H. pylori. In general, hepcidin 11 

are expressed in the fundic ground[17], therfore, the biopsy specimens from the corpus were 12 

used for histological analysis in this study. The specimen was fixed in 10% formalin, 13 

embedded in paraffin, and sectioned into 4-μm segments. Histological sections were stained 14 

with hematoxylin and eosin (H&E) and toluidine blue, and immunohistochemical staining 15 

was performed.  16 

This study was approved by the ethics committee of our institution (2015-2192). Written 17 

informed consent was obtained from all patients.  18 

Immunohistochemistry  19 

Tissue sections were deparaffinized in xylene and rehydrated in an ethanol series with 20 

phosphate-buffered saline. Antigen activation was performed in an autoclave at 121°C for 20 21 

min with citrate buffer solution. Endogenous peroxidase was blocked with 3% hydrogen 22 

peroxide for 10 min. To eliminate non-specific staining, the sections were incubated with 5% 23 

normal goat serum for 20 min. Sections were then incubated with anti-hepcidin antibody 24 
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(diluted 1:1600; Abnova, Taipei City, Taiwan), anti-H
+
/K

+
 ATPase antibody (diluted 1:6000; 1 

BMC, Inc., Tokyo, Japan), and anti-CD20 antibody (diluted 1:100; Abcam plc, Cambridge, 2 

UK) at 4°C overnight. After primary antibody treatment, the sections were incubated with 3 

Histofine Simple Stain MAX-PO MULTI (Nichirei Bioscience, Tokyo, Japan) for 40 min. 4 

After washing with phosphate-buffered saline, the sections were incubated with DAB 5 

(Nichirei Bioscience, Tokyo, Japan) and immediately washed with tap water after color 6 

development. Finally, the sections were counterstained with Mayer’s hematoxylin, 7 

dehydrated, and mounted for microscopic observation. 8 

Statistical analyses 9 

Continuous data were compared using an independent samples two-tailed t-test, whereas the 10 

categorical data were analyzed using the χ
2
 test or Fisher’s exact test. P < 0.05 was 11 

considered to represent a statistically significant difference for all tests. Analyses were 12 

performed using SPSS 20.0 for Windows (SPSS, Inc., Chicago, IL, USA). 13 

 14 

RESULT 15 

A total of 91 patients were enrolled in this study: 15 patients (2 men and 13 women; mean 16 

age, 43 years; age range, 21–63 years) with H. pylori-infected NG, 43 patients (16 men and 17 

27 women; mean age, 55 years; age range, 34–78 years) with H. pylori-infected CG, and 33 18 

patients (16 men and 17 women; mean age, 46 years; age range, 20–74 years) without H. 19 

pylori infection.  20 

In patients with H. pylori-infected NG, hepcidin was strongly expressed in the lymph follicles 21 

of the gastric mucosa (Figure 2A, 2B). B cell marker CD20 was diffusely positive for the 22 
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lymphocytes of the lymph follicles (Figure 2C). However, in patients with NG, most 1 

lymphocytes infiltrating the mucosa did not show hepcidin expression, although a few 2 

hepcidin-positive lymphocytes were found around the muscularis mucosae (Figure 2D).  3 

In patients with H. pylori-infected CG, hepcidin-positive lymphocytes were found around the 4 

muscularis mucosae, similar to those in patients with NG; however, hepcidin-positive 5 

lymphocytes were not detected in the mucosa despite moderate infiltration of lymphocytes. 6 

Hepcidin was expressed in both the cytoplasm and intracellular canaliculi of the parietal cells 7 

of the gastric mucosa (Figure 3C, 3D) but not in other cell types of the gastric epithelia. 8 

There were no differences in immunostaining patterns (distribution and staining intensity) of 9 

hepcidin in both the cytoplasm and intracellular canaliculi of the gastric parietal cells among 10 

the three patient groups. In addition, the intracellular canaliculi of the gastric parietal cells 11 

were positive for H
+
/K

+
-ATPase (Figure 3E, 3F), which is the proton pump for gastric acid 12 

secretion. Hepcidin expression disappeared after the absorption test using an serial section. 13 

In contrast, patients without H. pylori infection exhibited much lower density of mucosal-14 

lymphocyte infiltration and few hepcidin-positive lymphocytes  in their mucosa and 15 

muscularis mucosae (Figure 4A, 4B).  16 

Overall, hepcidin-positive lymphocytes around the muscularis mucosae were observed in 7 of 17 

the 15 (46.7%) patients with H. pylori-infected NG and in 18 of the 43 (41.9%) patients with 18 

H. pylori-infected CG, but in only 4 of the 33 (12.1%) patients without H. pylori infection. 19 

The detection rates of hepcidin-positive lymphocytes around the muscularis mucosae were 20 

significantly higher in patients with NG and CG than in those without H. pylori infection (P < 21 

0.01 and p < 0.05, respectively; Table 1).  22 

 23 



7 

 

DISCUSSION 1 

This study revealed strong staining for hepcidin in lymphoid follicles of H. pylori infected 2 

patients with NG. In addition, the proportion of hepcidin-positive lymphocytes in the gastric 3 

mucosa was significantly higher in H. pylori-infected patients than in uninfected patients. 4 

H. pylori is known to cause NG and CG. Furthermore, it is also associated with iron 5 

deficiency and/or IDA[7-9]. Therefore, H. pylori eradication therapy is recommended in 6 

patients of unexplained IDA with H. pylori infection based on Maastricht V/Florence 7 

consensus as well as other guidelines[18-22]. The mechanisms by which H. pylori infection 8 

can cause iron deficiency and/or IDA remain unclear; however, several potential mechanisms 9 

have been suggested[23,24]: (1) H. pylori infection can cause hypochlorhydria or 10 

achlorhydria via atrophic gastritis leading to iron malabsorption; (2) H. pylori infection can 11 

reduce ascorbic acid (vitamin C) levels in gastric juice and thus inhibit non-heme iron 12 

absorption; (3) H. pylori infection can increase bacterial uptake of iron, an essential bacterial 13 

growth factor[24-26]; and (4) recent studies showed that hepcidin is a key regulator of 14 

systemic iron homeostasis that down-regulates duodenal iron absorption, and is related to 15 

IDA-associated H. pylori infection[10,11,14]. 16 

A recent meta-analysis showed that the relationship between H. pylori and IDA is stronger in 17 

children and adolescents than in adults[27]; however, the reason is unknown. In young H. 18 

pylori-infected patients, NG is a common type of gastritis that is also considered an early 19 

gastritis indicator in H. pylori infection[14]. In pediatric patients with NG, iron deficiency or 20 

IDA is often observed and such conditions are improved by H. pylori eradication[28,29]. Our 21 

previous study showed that patients with NG are younger than other H. pylori-infected 22 

patients and that these patients have elevated serum prohepcidin levels along with iron 23 

deficiency[15]. Other studies have also suggested that hepcidin is associated with iron 24 
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deficiency and H. pylori infection in children[10-15,30]. This study revealed that hepcidin 1 

was strongly stained in the lymph follicles of patients with NG. Taken together, pediatric and 2 

young patients with H. pylori infection may develop NG; hepcidin expression in lymph 3 

follicles of the gastric mucosa is upregulated in these patients, leading to an iron deficient 4 

state.  5 

Additionally, in this study, hepcidin-positive lymphocytes in the mucosal layer were 6 

significantly higher in patients with H. pylori infection than in uninfected patients. This 7 

suggests that H. pylori infection affects hepcidin production in intramucosal lymphocytes. 8 

However, we found that only a small number of lymphocytes infiltrating the mucosa were 9 

hepcidin-positive, suggesting that H. pylori infection had a limited effect on hepcidin 10 

production in gastric mucosal lymphocytes, except for lymph follicles; therefore, the 11 

relationship between H. pylori and iron deficiency cannot always be explained by local 12 

hepcidin expression alone. Indeed, several reports[31-33] have revealed that hepcidin is not 13 

involved in the relationship between H. pylori and IDA.  14 

We also demonstrated that hepcidin was localized in the intracellular canaliculi of gastric 15 

parietal cells in humans, in addition to the cytoplasm. Previous research[17] suggests that 16 

hepcidin is expressed in parietal cells of the stomach; however, the specific localization of 17 

hepcidin in these cells was not determined. This is the first study to determine the localization 18 

of hepcidin in parietal cells. Intracellular canaliculi, which were stained for H+/K+-ATPase 19 

in this study, are closely related to acid secretion of parietal cells. The hepcidin expression 20 

observed in the intracellular canaliculi suggests that hepcidin in the parietal cells is related to 21 

an acid secretion function. Indeed, a strong correlation between hepcidin and acid secretion 22 

has been previously reported[17]. 23 
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In contrast, we observed no significant differences in the staining patterns of hepcidin in the 1 

intracellular canaliculi of the gastric parietal cells of H. pylori-positive and -negative patients. 2 

These results suggest that hepcidin is constantly produced in parietal cells, regardless of the 3 

H. pylori infection status.  4 

Moreover, our results demonstrated that lymphocytes in the lymph follicles were CD20-5 

positive B cells, which is consistent with the results of previous studies[34,35]. Although 6 

hepcidin mRNA is known to be expressed in both T cells and B cells, our results suggest that 7 

B cells infiltrating the mucosa play a major role in the production of hepcidin in the H. 8 

pylori-infected gastric mucosa. 9 

This study has the following limitations: Firstly, we did not measure the hepcidin or gastric 10 

acid concentrations in the gastric mucosa; secondly, the small number of cases restricted the 11 

power of analysis; lastly, although we demonstrated that H. pylori infection can induce 12 

hepcidin expression in gastric mucosal lymphocytes, with particularly strong expression in 13 

the lymphoid follicles, hepcidin was expressed in the intracellular canaliculi in the gastric 14 

parietal cells irrespective of the H. pylori infection status. Further investigation is required in 15 

order to elucidate the relationship between H.pylori infection, gastric hepcidin expression, 16 

and IDA. 17 

In conclusion, we revealed that H. pylori infection can induce hepcidin expression in the 18 

lymphocytes of lymph follicles in patients with NG. In contrast, the role of H. pylori 19 

infection on hepcidin expression in gastric mucosal lymphocytes was found to be limited. 20 

Hepcidin expression in gastric parietal cells was independent of H. pylori infection. 21 

 22 
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 1 

Table 1: Clinical characteristics of patients and hepcidin expression in histology 2 

 H. pylori–infected 

nodular gastritis 

(n=15) 

H. pylori–infected 

chronic gastritis 

(n=43) 

H. pylori–uninfected 

(n=33) 

 

Age ( mean± SEM) 43±10.5 55±10.9 46±14.6 

Male: Female 2:13 

 

16:27 

 

16:17 

Hepcidin expression 

in the parietal cells 

15 / 15 (100%) 

 

43 / 43 (100%) 

 

33 / 33 (100%) 

 

Hepcidin expression 

in the lymphocytes 

7 / 15 (46.7%) 18 / 43 (41.9%) 

 

4 / 33 (12.1%)* 

 

Hepcidin expression 

in the lymph follicles 

15 / 15 (100%) 

 

No lymph follicles 

 

No lymph follicles 

 

 3 

* P < 0.05, vs H. pylori–infected nodular gastritis and chronic gastritis group 4 

SEM, Standard error of the mean. 5 

 6 
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Figure 1:  1 

Endoscopic findings of H. pylori infected nodular gastritis (A, B). Nodularity is visible as 2 

uniform, small granular elevation, shaped like goose flesh in the antrum (yellow triangle).  H. 3 

pylori infected chronic gastritis (C, D). Atrophy is recognized as a region discolored to a 4 

diffuse white tone (red triangle). Endoscopic images of gastric antrum and body without H. 5 

pylori infection (E, F).  6 
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Figure 2: (A) Hematoxylin and eosin (H&E) staining (×100) in biopsy specimens obtained 1 

from patients with H. pylori infected nodular gastritis. (B) Immunostaining for hepcidin 2 

(×200). Hepcidin was expressed in the gastric parietal cells and mucosal lymphocytes (white 3 

arrow), particularly in the germinal center of the lymph follicles (black arrow). (C) CD20 was 4 

expressed only in the germinal center of lymph follicles. (D) Immunostaining for hepcidin 5 

(×400) showing Hepcidin-positive lymphocytes (black arrow) in the deep layer of the lamina 6 

propria mucosa. 7 
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Figure 3: Hematoxylin and eosin (H&E) staining (A: ×100, B: ×200), and immunostaining 1 

for hepcidin (C: ×100, D: ×200) and H+/K+-ATPase (E: ×100, F: ×200) in biopsy specimens 2 

obtained from the fundic gland of patients with H. pylori infected chronic gastritis. Hepcidin 3 

was expressed in the cytoplasm (white arrow) and intracellular canaliculi (black arrow) of 4 

gastric parietal cells (C, D). H+/K+-ATPase was expressed in the intracellular canaliculi of 5 

gastric parietal cells (E, F). 6 

 7 

  8 



18 

 

Figure 4: Hematoxylin and eosin (H&E) staining (A: ×100) and immunostaining for hepcidin 1 

(B: ×100) in biopsy specimens obtained from patients without H. pylori infection. 2 

 3 


