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Effects of Helicobacter pylori Infection on the Prognosis of 
Chronic Atrophic Gastritis by Inducing the  

Macrophage Polarization
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Abstract

Background: Recently, the effects of Helicobacter pylori (H. pylori) 
infection on the prognosis of chronic atrophic gastritis (CAG) are still 
unclear. The aim of our study was to discuss the role of H. pylori in-
fection on the prognosis of CAG by inducing the M1/M2 macrophage 
polarization.

Methods: A total of 180 subjects as control (group 1), CAG patients 
without H. pylori infection (group 2) and H. pylori-associated CAG 
patients (group 3) were respectively recruited for this cross-sectional 
investigation in Daqing Oilfield General Hospital from May 2019 
to July 2020. Their serum samples were collected to determine the 
concentrations of pro-inflammatory and anti-inflammatory cytokines. 
Meanwhile, the gastric mucosa was excised to determine the related 
gene expressions on the M1/M2 macrophage polarization. Then the 
prognosis of CAG was evaluated according to the status of clinical 
manifestations and endoscopic examination after the follow-up.

Results: Notably, it was proved that compared with the control group, 
the expressions and concentrations of pro-inflammatory cytokines 
(M1 macrophage: inducible nitric oxide synthase (iNOS), tumor ne-
crosis factor-alpha (TNF-α), interferon-gamma (IFN-γ), and interleu-
kin-6 (IL-6)) were significantly higher, while the anti-inflammatory 
cytokines (M2 macrophage: arginase-1 (Arg-1), IL-4 and IL-10) were 
apparently reduced in the group 2 and group 3 (P < 0.05). Moreover, 
more days were needed for the prognosis of CAG in group 3 than those 
in group 2, which was accompanied by higher expressions of pro-in-
flammatory and lower anti-inflammatory cytokines at the baseline (P 
< 0.05). Furthermore, negative correlations were shown between the 
concentrations of iNOS, TNF-α, IFN-γ and IL-6, and the prognosis of 
CAG (P < 0.05), while positive correlations were observed between the 
contents of IL-4 and IL-10, and prognosis of CAG (P < 0.05).

Conclusion: These above results indicated that H. pylori infection-
induced disorders of M1/M2 macrophage polarization could affect 
the prognosis of CAG.

Keywords: Chronic atrophic gastritis; Helicobacter pylori; Mac-
rophage polarization; Pro-inflammatory; Anti-inflammatory

Introduction

Chronic atrophic gastritis (CAG), as a prevailing disease in the 
digestive outpatients, is characterized by the chronic inflam-
matory processes of gastric mucosa, altered mucosal atrophy 
and intestinal metaplasia [1], so it is ultimately served as the 
main stage on the precancerous lesion of irreversible tumori-
genesis [2]. However, its specific mechanism is still unclear, 
so there was an urgent need to discuss the more effective inter-
vention and prevention strategies.

Up to now, a lot of declared elements were proved to af-
fect the prognosis of CAG, in which the Helicobacter pylori (H. 
pylori) infection was recognized as an important risk factor [3, 
4]. As a significant human gram-negative and microaerophilic 
bacterium, the colonization of H. pylori in the stomach mucosa 
could induce both innate and adaptive immune responses in the 
gastric mucosa to aggravate the symptoms of CAG [5, 6], in 
which the macrophages represent a dynamic subset of innate im-
mune cells and coordinate the immune responses to the infection 
of H. pylori timely [7, 8]. As we all know, macrophages make 
up the majority of leukocytes and display a high plasticity [9]. 
There were two major characterized phenotypes of macrophage 
polarization according to the different micro-environmental and 
cytokines stimulation, including the classically activated type 1 
(M1) and alternatively activated type 2 (M2) macrophages as the 
extremes of the continuum of functional states [10]. In this con-
dition, the infiltration of M1 macrophages was characterized by 
the production of pro-inflammatory cytokines like interleukin-1β 
(IL-1β), interleukin-6 (IL-6), interferon-γ (IFN-γ) and tumor ne-
crosis factor-alpha (TNF-α), while the expression of inducible ni-
tric oxide synthase (iNOS), the enzyme responsible for NO pro-
duction by M1 macrophages, is specific to murine macrophages. 
Meanwhile, M2 macrophages polarization can be induced by the 
different stimulation, such as interleukin-4 (IL-4) and/or interleu-
kin-13 (IL-13), immune complexes and Toll-like receptor (argin-
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ase-1 (Arg-1)), IL-1 receptor ligands or interleukin-10 (IL-10) to 
play their pro-angiogenic and pro-tumorigenic roles [9-11].

Obviously, the balance relationships exist between M1 
and M2 macrophages in healthy population, so the polariza-
tion status of anti-inflammatory M2 macrophages will switch 
to a more pro-inflammatory M1 state to promote the occur-
rence of inflammation under the status of infection [12, 13]. As 
described in the references [13], the H. pylori infection could 
play an important role in the occurrence of many gastric dis-
eases, just as CAG. Nevertheless, the potential mechanisms 
by which H. pylori affects the prognosis of CAG are not yet 
completely clarified. Therefore, in this study, we aimed to dis-
cuss the role of H. pylori infection in the prognosis of CAG 
and seek possible mechanism from the M1/M2 macrophage 
polarization using 180 subjects in the Department of Gastroen-
terology in Daqing Oilfield General Hospital.

Materials and Methods

Study design and population

This cross-sectional survey was conducted in the Department of 
Gastroenterology in Daqing Oilfield General Hospital from May 
2019 to July 2020. All consecutive subjects were aged over 18 
and below 65 years old in the outpatient department of digestive 
medicine. Sixty healthy subjects without CAG were chosen as 
the controls (group 1), who were accompanied with the symp-
toms of stomach discomfort to some extent and they were vol-
untarily participated in this study by the gastroscopy and patho-
logical biopsies as a record. While the CAG patients were with 
upper gastrointestinal (GI) symptoms, including epigastric pain, 
abdominal bloating, postprandial fullness, early satiety, belch-
ing, regurgitation, heartburn, appetite loss and nausea, who were 
obviously diagnosed by the clinicopathological evaluation after 
the gastroscopy samplings [14]. The pathological assessment 
of gastric mucosa in all groups was calculated and the “mean” 
atrophy severity scores were added according to the Operative 
Link on Gastritis Assessment (OLGA) (0: no atrophy of gastric 
mucosa; 1: mild atrophy of gastric mucosa; 2: moderate atrophy 
of gastric mucosa; 3: severe atrophy of gastric mucosa). Then 
all CAG patients were divided into two groups according to the 
results of 13C urea breath test (13C-UBT) as the group 2 (n = 
60, CAG patients without H. pylori infection) and group 3 (n = 
60, H. pylori-associated CAG patients) [15, 16].

All the involving subjects underwent first diagnostic up-
per endoscopy according to the pathological results, in which 
the endoscopic diagnosis of CAG was consistent with the clas-
sification and grading criteria by Chinese Society of Diges-
tive Endoscopy [14]. The exclusion criteria included the usage 
of some drugs (proton pump inhibitors (PPIs), non-steroidal 
anti-inflammatory drugs (NSAIDs), antiplatelet agents and an-
ticoagulants), history of GI malignancy, weight loss, hematem-
esis, melena, rectal bleeding, vomiting, dysphagia and anemia, 
severe cardiovascular, renal and pulmonary co-morbidities, 
mental illness or pregnancy/lactation women. What is more, 
the subjects with reflux esophagitis, peptic ulcer, polyp, and 
cancer at endoscopy were also excluded.

The ethical approval was approved by Medical Eth-
ics Committee of Daqing Oilfield General Hospital in China 
(2018-08-01). All experiments were carried out in accordance 
with relevant guidelines and regulations “Declaration of Hel-
sinki (revised October 2013)”.

Interview

According to the inclusion and exclusion criteria, all subjects 
were interviewed by the questionnaires about their medication, 
current smoking, previous fractures, dietary intake as well as 
the basic data, such as the age, height, weight, sex, etc.

Determination of serum pro-inflammatory and anti-
inflammatory cytokines

Two milliliter of venous peripheral blood was drew and assigned 
to the vacuum blood collection tubes (EDTA, Beijing, China) be-
fore the clinical treatment to determine the serum pro-inflamma-
tory (TNF-α, IFN-γ and IL-6) and anti-inflammatory cytokines 
(IL-4 and IL-10) by the enzyme-linked immunosorbent assay 
(ELISA) kits following the instructions (Biohit Health Care).

RT-PCR of genes on M1 and M2 macrophage polarization

Total RNA in the gastric mucosa was extracted using the TRIzol 
Reagent (cat. no. 15596-206, Invitrogen, Carlsbad, CA, USA), 
and cDNA was reverse transcribed by SuperScript™ III First-
Strand Synthesis System for RT-PCR (cat. no. 18080-051, Invit-
rogen). Then the expression levels of genes on the pro-inflamma-
tory (iNOS, TNF-α, IFN-γ, IL-6 and IL-1β) and those coding for 
anti-inflammatory cytokines (Arg-1, IL-4 and IL-10) were deter-
mined by RT-PCR (CFX-96, Bio-Rad, USA), while the β-actin 
gene was used as internal control. All assays were performed in 
triplicates and normalized with the internal standard mRNA levels 
using the 2-▲▲CT method, in which the oligonucleotide primers 
were designed using Primer-BLAST and listed in Table 1.

Follow-up: the prognosis of CAG

After 2 weeks’ conventional therapy, the CAG patients in 
group 2 and group 3 were followed up and their prognosis was 
evaluated according to the status of clinical manifestations and 
endoscopic results [3].

Statistical analysis

The statistical analyses were conducted using SPSS 21.0. All 
values were expressed as mean ± standard error (SE) among the 
three groups, in which Shapiro-Wilk and Percent-Percent plot 
(P-P Figure) were chosen to determine the normality of data. 
Then one-way analysis of variance (ANOVA) was performed 
to compare the means of indexes among the different groups 
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with normally distributed data, then the Student-Newman-Keuls 
(SNK) test was used to determine where the differences existed 
between each two groups. Whereas the data with non-normal 
distribution were assessed using Mann-Whitney U-test. The 
value of P < 0.05 was considered to be statistically significant.

Results

Characteristic of the general information

A total of 180 subjects were recruited in this study, including 
60 subjects in the control group (group 1), 60 CAG patients 
without H. pylori infection (group 2) and 60 H. pylori-associ-

ated CAG patients (group 3). As shown in Table 2, there were 
no significant differences on the distribution of gender, age, 
height, weight, body mass index (BMI), smoking and alcohol 
consumption among these three groups (P > 0.05). Meanwhile, 
the types of CAG and atrophy severity scores were not signifi-
cantly different between groups 2 and 3 (P > 0.05). However, 
the prognosis of CAG was better in group 2 (n = 57, 95%) than 
in group 3 (n = 39, 65%) after the routine treatment (P < 0.05).

mRNA expressions on the M1/M2 macrophage polariza-
tion in the gastric mucosa

The mRNA expressions on the M1 macrophage polarization 

Table 1.  Primer Sequences of Related Genes for RT-PCR

Gene Forward primer (5’-3’) Reverse primer (5’-3’)
iNOS TTCAGTATCACAACCTCAGCAAG TGGACCTGCAAGTTAAAATCCC
IFN-γ TCGGTAACTGACTTGAATGTCCA TCGCTTCCCTGTTTTAGCTGC
IL-1β ATGATGGCTTATTACAGTGGCAA GTCGGAGATTCGTAGCTGGA
TNF-α CCTCTCTCTAATCAGCCCTCTG GAGGACCTGGGAGTAGATGAG
IL-6 ACTCACCTCTTCAGAACGAATTG CCATCTTTGGAAGGTTCAGGTTG
Arg-1 GTGGAAACTTGCATGGACAAC AATCCTGGCACATCGGGAATC
IL-4 CCAACTGCTTCCCCCTCTG TCTGTTACGGTCAACTCGGTG
IL-10 GACTTTAAGGGTTACCTGGGTTG TCACATGCGCCTTGATGTCTG
β-actin CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT

Arg-1: arginase-1; IFN-γ: interferon-γ; IL-1β: interleukin-1β; iNOS: inducible nitric oxide synthase; TNF-α: tumor necrosis factor-alpha.

Table 2.  Characteristics of the Subjects in Each Group

Indicators Group 1 (n = 60) Group 2 (n = 60) Group 3 (n = 60) P*
Age (years) (mean, IQR) 46 (34 - 52) 48 (36 - 62) 43 (37 - 62) 0.945
Male (n, %) 39 (65.00) 42 (70.00) 38 (63.34) 0.806
Height (cm) 174.07 ± 21.05 173.53 ± 15.64 174.08 ± 18.55 0.994
Weight (kg) 73.15 ± 8.01 75.08 ± 6.82 69.34 ± 5.49 0.226
BMI (kg/m2) 24.17 ± 3.15 24.93 ± 2.84 22.88 ± 2.04 0.145
Smoking (n, %) 29 (48.33) 32 (53.33) 27 (45.00) 0.825
Drinking (n, %) 28 (46.67) 27 (45.00) 32 (53.33) 0.746
Types - 38 (63.33) 34 (56.67) 0.854
  Mild (%)
  Moderate/severe (%) - 22 (36.67) 26 (43.33)
Atrophy severity scores - 1.47 ± 0.34 1.58 ± 0.32 0.241
Prognosis - < 0.001
  Yes (n, %) 57 (95.00) 39 (65.00)
  No (n, %) - 3 (5.00) 21 (35.00)

Smoking status referred to suck at least one cigar per day and last more than 1 year, and smoking quit but less than 1 year was also included. Drink-
ing status was definitive as weekly drinking more than three times. Group 1: control group with health subjects. Group 2: chronic atrophic gastritis 
(CAG) patients without H. pylori infection. Group 3: H. pylori-associated CAG patients. *χ2 test was used to compare the gender, smoking, drinking, 
types of CAG and prognosis of CAG in these three groups. The difference of age was compared by Mann-Whitney U-test, while one-way analysis of 
variance (ANOVA) was performed to compare the means of height, weight and BMI among these three groups. And the atrophy severity scores were 
determined between the groups 2 and 3 using the t-test. BMI: body mass index; IQR: interquartile distance.
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(iNOS, TNF-α, IFN-γ and IL-6) were significantly higher in 
groups 2 and 3 than those in group 1 (Fig. 1a, P < 0.05), where-
as the expressions on the M2 macrophage polarization (Arg-1, 
IL-4 and IL-10) were apparently reduced (Fig. 1b, P < 0.05). 
Furthermore, among the CAG patients in groups 2 and 3, the 
mRNA levels of iNOS, IL-1β, TNF-α, INF-γ and IL-6 were 
much higher and those of IL-4 and IL-10 were lower in group 
3 than those in group 2 (P < 0.05).

Concentrations of serum pro-inflammatory and anti-
inflammatory cytokines

As shown in Figure 2, the concentrations of TNF-α, IFN-γ 
and IL-6 were higher in groups 2 and 3 than those in group 
1 (Fig. 2a, P < 0.05), whereas the contents of IL-4 and IL-10 
were apparently decreased (Fig. 2b, P < 0.05). Furthermore, 
among the CAG patients, the contents of TNF-α, INF-γ and 
IL-6 were much higher and those of IL-4 and IL-10 were 

lower in group 3 than those in group 2 (P < 0.05).

Correlations between the mRNA expressions in the gastric 
mucosa with their serum concentrations and the progno-
sis of CAG

The above results for the differently significant expressions 
of M1 (iNOS, TNF-α, IFN-γ and IL-6) and M2 macrophage 
polarization (IL-4 and IL-10) in the gastric mucosa, and their 
correlations with their concentrations of serum cytokines and 
the prognosis of CAG were further analyzed using the mul-
tiple linear regression models. As shown in Figure 3, there 
were positive correlations between the expressions of TNF-α, 
IFN-γ, IL-6, IL-4 and IL-10, and their serum concentrations 
(P < 0.05). Meanwhile, negative correlations were shown be-
tween the expressions of iNOS, TNF-α, IFN-γ and IL-6, and 
the prognosis of CAG (P < 0.05), while positive correlations 
were observed between the expressions of IL-4 and IL-10, 

Figure 1. The mRNA expression on the M1 macrophage (a) and M2 macrophage (b) polarization in the gastric mucosa. Group 
1: control group with health subjects; group 2: chronic atrophic gastritis patients without H. pylori infection; group 3: H. pylori-
associated chronic atrophic gastritis patients. One-way analysis of variance (ANOVA) was performed to compare the means of 
these indexes, then the Student-Newman-Keuls (SNK) test was used to determine where the differences were existed between 
each two groups. *P < 0.05 compared with the group 1. #P < 0.05 compared with the group 2.
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Figure 2. Concentrations of serum pro-inflammatory (a) and anti-inflammatory (b) cytokines. Group 1: control group with health 
subjects; group 2: chronic atrophic gastritis patients without H. pylori infection; group 3: H. pylori-associated chronic atrophic 
gastritis patients. One-way analysis of variance (ANOVA) was performed to compare the means of these indexes, then the 
Student-Newman-Keuls (SNK) test was used to determine where the differences were existed between each two groups. *P < 
0.05 compared with the group 1. #P < 0.05 compared with the group 2.

Figure 3. Correlations between the mRNA expressions in the gastric mucosa with their concentrations of serum cytokines and 
the prognosis of CAG using the multiple linear regression models. Circle represents the correlations between the concentra-
tions of serum cytokines and related mRNA expression in the gastric mucosa. Triangle represents the correlations between the 
expressions of mRNA expressions in the gastric mucosa and the prognosis of CAG. Meanwhile, the positive, negative and no 
correlations were respectively represented by the β coefficient with more than zero (positive correlation), less than zero (negative 
correlation) and cross zero (no correlation).
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and prognosis of CAG (P < 0.05).

Discussion

Recently, several epidemiological and experimental studies 
have indicated that gastric cancer is the third leading cause of 
death in all types of malignancies behind lung and colorectal 
cancer [17], in which one of major risk factors of gastric cancer 
is H. pylori infection [18]. H. pylori could induce the chronic 
inflammation, autophagy, oxidative stress and subsequent car-
cinogenesis, in which a variety of factors were included: the H. 
pylori strain-specific virulence factors (especially the cytotox-
in-associated gene A, vacuolating cytotoxin A and neutrophil 
activating protein), host and environmental factors such as diet 
as well as alternations in the stem cell populations and micro-
biome to play a fundamental role in causing DNA damage and 
promoting the invasion and migration of gastric cancer cells, 
with both processes often supporting each other. Then H. py-
lori infection results in a reduced ability of the infected cells 
to repair DNA damage to increase genetic instability and pro-
gressively lead to the accumulation of mutations, which could 
activate the oncogenes and deactivate tumor suppressor genes 
to increase the risk of developing gastric cancer. Besides, the 
metabolites of H. pylori, including the related enzymes and 
toxins, can directly activate cell signaling pathways such as 
phosphatidylinositol 3-kinases (PI3K)/Akt, AKT-nuclear fac-
tor-kappaB (NF-κB), Janus kinase/signal transducers and acti-
vators of transcription (JAK/STAT) and Ras, Raf, and extracel-
lular signal-regulated kinase (ERK) signaling that control cell 
proliferation. Uncontrolled proliferation can lead to the occur-
rence of gastric cancer [19, 20]. So CAG induced by H. pylori 
could lead to the atrophic mucosa to increase the risk of gastric 
cancer. Moreover, it has been revealed that H. pylori eradica-
tion therapy is effective for the reduction of CAG, even the 
gastric cancer. A previous study demonstrated that CAG was 
associated with a variety of chronic inflammation, immune re-
sponses, etc. [21]. Furthermore, H. pylori infection could ag-
gravate the occurrence of CAG [22]. However, it still remains 
uncertain whether there were some correlations between H. 
pylori and prognosis of CAG recently. In this study, we have 
found that the prognosis of clinical symptoms was better in the 
CAG without the infection of H. pylori, which proved that the 
clinical treatment of CAG should pay special attention to the 
infection of H. pylori.

As expected, macrophage is an important innate immune 
cell and makes up the majority of leukocytes [23]. It can play 
an important role in fighting pathogenic microorganisms and 
repairing the damage, in which there are two primary types 
of macrophages based on the expression of CD11C with the 
changes of micro-environments [24]. In this condition, M1 
macrophages can help the host defend against the invasion of 
foreign microorganisms, but continuous activation could cause 
the chronic inflammation. Meanwhile, the polarization of M2 
macrophages can play an anti-inflammatory role. However, in 
vivo and in vitro experiments confirmed that M1 macrophages 
were not easy polarizing to M2 macrophages [25, 26]. In this 
case, the cytokines that are released by inflammatory cells in-
clude the TNF-α, INF-γ, IL-6, monocyte chemoattractant pro-

tein 1 (MCP-1), and IL-1. All these molecules may act on the 
immune cells leading to local and generalized inflammation. 
Adversely, the cytokines such as Arg-1, IL-4 and IL-10 can be 
secreted by M2 macrophages [23-26].

With the deepening researches, the sustained inflammatory 
reaction and abnormal apoptosis of gastric mucosa are con-
firmed as important causes in the development and pathogen-
esis of CAG, which had been drawn by mounting evidence from 
many researchers [27, 28]. However, the exact mechanism still 
remains unclear. It is well established that the development of 
CAG is characterized by immune cell infiltration and low-grade 
inflammation. Based on the above results, we demonstrated that 
the infections of H. pylori could aggravate the inflammatory 
response and polarization of M1/M2 macrophage, with much 
higher pro-inflammatory (iNOS, TNF-α, IFN-γ, and IL-6) and 
lower anti-inflammatory cytokines (Arg-1, IL4 and IL-10). 
Meanwhile, negative correlations were shown between the ex-
pressions of iNOS, TNF-α, IFN-γ and IL-6, and the prognosis 
of CAG patients, while positive correlations were observed be-
tween the expressions of IL-4 and IL-10, and the prognosis of 
CAG patients. Nevertheless, to our knowledge, the main limita-
tion of our study was its small sample size, which could de-
crease our power to find the significant associations between the 
H. pylori infection and macrophage polarization. Therefore, our 
results still need to be further confirmed by much larger studies 
in the future. Another limitation was that few patients agreed to 
undergo the examination of gastroscopy after the eradication of 
H. pylori, as the gastroscopy was still an invasive examination, 
so it is not possible to obtain the gastric mucosa for the analysis 
of macrophage polarization.

In summary, H. pylori infection could affect the prognosis 
of CAG, and there were significant correlations between the 
prognosis of CAG and the disorders of pro-inflammatory and 
anti-inflammatory cytokines such as the M1/M2 macrophage 
polarization, which could provide the corresponding support 
for our clinical intervention that more attention should be paid 
to the situation of H. pylori infection in the process of CAG.
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