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Abstract

Background: As known, there is a high correlation between Helicobacter pylori infection and gastric carcinoma.
Objectives: Concerning the important role of adhesin HpaA of H. pylori in the infection process, we aimed to explore whether HpaA
promotes gastric cancer metastasis.
Methods: In this study, the levels of IL-21, MMP-2, and MMP-9 in patients’ biopsies with H. pylori infection were compared with post-
treatment condition. The levels of IL-21 from CD4+ T cells and culture supernatants with the recombinant HpaA treatment were
detected, and then the levels of MMP-2, MMP-9, and metastasis were detected and verified via AGS cells co-cultured with aforesaid
CD4+ T cells.
Results: Our results showed that higher levels of IL-21, MMP-2, and MMP-9 in patients’ biopsies with H. pylori infection than without
H. pylori infection. Adhesin HpaA induced more IL-21 via CD4+ T cells, and IL-21 induced high MMP-2 and MMP-9 via AGS cells. In
particular, HpaA caused this serial reaction to improve the migration of AGS cells, and aptamer HA6 (our previous report) and anti-
IL-21 mcAb reduced the above phenomenon remarkably.
Conclusions: In summary, our research suggested that adhesin HpaA plays a significant role in the process of gastric carcinoma
cell metastasis via IL-21 from HpaA-induced T cells, and aptamer HA6 may be a potential therapeutic agent for H. pylori treatment.
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1. Background

Helicobacter pylori is a bacterium living in the stom-
ach of over 50% of the population. Its infection may re-
sult in gastroduodenal disorders, including chronic active
gastritis, peptic ulcer, Mucosa-associated Lymphoid Tissue
(MALT) lymphoma, and even gastric adenocarcinoma (1-
3). The mechanism through which H. pylori damages the
host is complex. For the past several decades, evidence sug-
gested that adherence to the gastric epithelium and per-
sistent colonization by H. pylori were the critical parame-
ters for the development of gastric malignancies (4). Heli-
cobacter pylori has developed a set of virulence factors on
its outer membrane, called adhesins, such as HpaA, BabA,
SabA, AlpA/B, OipA, and HopZ. They can recognize and bind
to receptors on epithelial cells of the gastric mucosa to
facilitate H. pylori to establish a successful infection (5-8).
Among them, neuraminyllactose-binding hemagglutinin
(HpaA), a highly conserved lipoprotein (9), regulates the
colonization and other different stages of the pathogenic

process of H. pylori, and is expected to be a target for H. py-
lori treatment (10).

Interleukin-21 (IL-21) is produced by CD4+ T cells and
modulates a variety of immune cells (11). It maintains
chronic inflammation and/or damages the tissues by facili-
tating the recruitment of immune cells (12), expanding au-
toreactive T cells (13), and producing extracellular matrix
metalloproteinases (14). A previous study reported higher
levels of IL-21 in the gastric mucosa after H. pylori infection
to be involved in H. pylori pathogenesis (15). However, it re-
mains unknown whether adhesin HpaA of H. pylori intensi-
fies the inflammatory response, metastasis of gastric can-
cer, and injury in the gastric mucosa by IL-21. In our previ-
ous study, a higher expression of IL-21 in the gastric mucosa
of patients with H. pylori infection was examined and com-
pared with the condition after H. pylori radical cure (16). We
then analyzed the impact of adhesin HpaA on the IL-21 ex-
pression levels in AGS cells. Furthermore, in our previous
study, ssDNA aptamer HA6 could bind to and block the ad-
herence domain of HpaA, in particular. Thus, it was intro-
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duced in this study to prove whether HpaA could induce
IL-21 secretion from T cells.

2. Objectives

Given the important role of adhesin HpaA from H. py-
lori in its invasion and pathopoiesia, we aimed to explore
how to intensify the inflammatory response and mucosal
injury by IL-21 induced from -T cells by adhesin HpaA of H.
pylori. Particularly, AGS cells (gastric cancer cell lines) were
used to examine whether IL-21 promotes the migration of
AGS.

3. Methods

3.1. Materials

Helicobacter pylori ATCC26695 standard strain was do-
nated by Professor Shao Shihe from Jiangsu University. The
pET28a plasmid was kept in our laboratory (The Basic Med-
ical Laboratory, The Second Affiliated Hospital of Wannan
Medical College, Anhui Wuhu, China). The Bacterial Ge-
nomic DNA Preparation Kit was purchased from TianGen
Co., Ltd. (Beijing, China). The RNA Extraction Kit and
IPTG (isopropyl-β-d-thiogalactoside) were obtained from
Solarbio Co., Ltd. (Shanghai, China). The superscript first-
strand cDNA synthesis kit, restriction enzyme BamH I,
and Hind III and T4 ligase were acquired from Fermen-
tas (Finland). Primers were produced by Sangon Biotech
Co., Ltd. (Shanghai China). The human IL-21 ELISA kit,
Polyclonal-mouse-reactive anti-MMP-2, anti-MMP-9, anti-IL-
21, and anti-β-actin were obtained from Abcam Biotechnol-
ogy (UK).

Columbia Agar and sterile defibrinated sheep blood
were acquired from Hopebio Co., Ltd. (Qingdao, China).
Fetal Bovine Serum (FBS) was acquired from Gibco (Grand
Island, N.Y., USA). Micro-aerobic AnaeroPack was acquired
from MGC (Japan). The DNA marker and protein marker
were acquired from LabLead Co., Ltd. (Beijing, China).
Kanamycin, gentamicin, and salmon sperm DNA were ac-
quired from Sigma-Aldrich (St. Louis, MO, USA). The PCR
mix was acquired from Thermo Fisher (Germany). The Ni-
NAT column was acquired from Novagen (Malaysia).

3.2. Patients’ Specimens

Specimens of gastric mucosa were acquired from 56
patients (28 males, 28 females; mean age: 40.2 ± 13.32
years) from February 2017 to December 2018 at the Di-
gestive Endoscopy Center (The Second Affiliated Hospital
of Wannan Medical College, Wuhu city, Anhui province,
China). The selected patients had symptoms of gastritis
or gastric ulcers and were H. pylori-positive, but had no

other gastric lesions. They were examined for their gastric
mucosa before and after treatment. Not fewer than two
pieces of specimens were gained from each patient to an-
alyze by a gastroscope. Each gastric mucosa was detected
by the rapid urease test. In our study, the donors were se-
lected according to the standard, H.pylori positive before
treatment, and H.pylori negative after treatment. Then,
the 112 pieces of gastric mucosa samples were categorized
into two groups: the H. pylori-positive group and the cor-
responding H. pylori- eradication group. None of the H. py-
lori-positive patients had undergone treatment with non-
steroidal anti-inflammatory drugs (NSAIDs), antibiotics, or
proton pump inhibitors at least one-month before testing.
Quadruple therapy was used to eradicate H. pylori. The
infection status was analyzed using the rapid urease test,
pathological staining, 14C Urea breath tests, and H. pylori-
specific ureC PCR. The two or more positive results in the
above four methods for each donor confirmed the H. pylori
infection. The samples were frozen at -80°C immediately
after collection for future use.

3.3. Helicobacter pylori Culture

Helicobacter pylori standard strain 26695 was cultured
in Columbia Agar plates supplemented with 5% FBS under
microaerophilic conditions (5% O2, 10% CO2, and 85% N2,
37°C) for 48 to 72 h. Helicobacter pylori was collected at the
logarithmic phase and used for future experiments.

3.4. Cell Culture

The AGS-I cells were maintained in our laboratory (The
Basic Medical Laboratory, The Second Affiliated Hospital of
Wannan Medical College). The cells were maintained in
RPMI-1640 medium containing 10% FBS in a humidified in-
cubator (5% CO2, 37°C).

3.5. Reverse Transcription and Real-time PCR

The total RNA was extracted from the gastric biop-
sies using the total RNA extraction kit (Cat#1218325, Ther-
moFisher) and reverse-transcribed into cDNA using the su-
perscript first-strand cDNA synthesis kit based on the man-
ufacturers’ specifications. The primer sequences are listed
in Table 1. The RT-PCR was done in 20-µl volumes contain-
ing 2 µl of synthesized cDNA solution, 10 µl of 2×PCR Mas-
ter Mix, 500 nM of each primer, and sterile water added to
20 µl on the ABI Step One Real-Time PCR System (Applied
Biosystems). The thermal cycle was set as follows: 95°C for
5 min, 40 cycles of 95°C for 15 s, 58°C for 30 s, and 72°C for
30 s. Each assay was performed in duplicate, and the rela-
tive gene expression was normalized to β-actin following
calculations by the 2-∆∆Ct method.
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Table 1. The Primer Sequences of IL-21, MMP-2, and MMP-9 for qRT-PCR

Gene Primer sequence (5’→3’) Tm (°C)a Length (bp)b

IL-21 F:GGAGAGGATTGTCATCTGTC 55 191

R:CACAGTTTGTCTCTACATCTTC

MMP-2 F:TGACGGAAAGATGTGGTGTG 59 178

R:GGTGTAGGTGTAAATGGGTG

MMP-9 F:CGTCTTCCAGTACCGAGAGA 60 119

R:GCAGGATGTCATAGGTCACG

β-Actin F:AAGATGACCCAGATCATGTTTGAGACC 62 191

R:AGCCAGTCCAGACGCAGGAT

aTm: Annealing temperature.
bLength: The length of the amplified product via RT-PCR.

3.6. Construction of Expression Plasmid

Primers designed to amplify the HapA sequences
from H. pylori standard strain 26695 were as follows:
F: 5’-CGGATCCTGCAGCCCGCATATTATTG-3’ and R: 5’-
CAAGCTTTCGGTTTCTTTTGCCTTTT-3’. The PCR setting
condition was 95°C for 5 min, 95°C for 30 s, 58°C for 30 s,
72°C for 30 s, ×30; and then 72°C for 5 min, ×1. The resul-
tant DNA sequence was inserted into the BamH I and Hind
III sites of the pET28a vector to construct the pET28a-HpaA
recombinant expression plasmid. The HapA sequences of
the recombinant vector were confirmed by sequencing.

3.7. Expression and Purification of Recombinant HapA Fusion
Protein

Escherichia coli strain BL21 (DE3) was transformed with
pET28a-HpaA and named pET28a-HpaA-BL21. Then, pET28a-
HpaA-BL21 was grown in LB medium and induced using
IPTG (1.0 mmol/l) at 37°C. The bacteria were harvested
at 1, 2, 3, and 4 h, and the total protein was collected
through centrifugation after the bacteria were lysed with
lysozyme. Protein expression was analyzed by Sodium
Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-
PAGE), followed by visualization of protein bands by
Coomassie staining. Subsequently, the recombinant HapA
fusion protein was purified by the Ni-nitrilotriacetic acid
resin and verified by SDS-PAGE (17). The recombinant HpaA
was analyzed by peptide mass fingerprinting again.

3.8. CD4+T-Cell Immunopurification

Ficoll-Hypaque gradient sedimentation was con-
ducted to isolate Peripheral Blood Mononuclear Cells
(PBMCs). Then, CD4+T-lymphocytes were selected posi-
tively. Briefly, PBMCs were incubated with monoclonal
antibodies against CD4 and then with anti-murine IgG
conjugated-magnetic beads (Dynabeads M-450, Dynal,
Oslo, Norway) for 30 min at 4°C (18). Selected CD4+ T cells

were re-suspended using RPMI-1640 media supplemented
with 10% FBS and grown in a humidified incubator (5%
CO2, 37°C). The purity was always≥ 90% based on the flow
cytometry analysis (data not shown).

3.9. HpaA Stimulation of IL-21 Secretion from CD4+ T Cells

The ssDNA aptamer, specific binding to adhesin HpaA,
was screened by SELEX. In our previous study, the ssDNA ap-
tamer could bound to and block the adherence domain of
HpaA, in particular (19). This aptamer was used to verify
whether HpaA stimulates the IL-21 secretion from CD4+ T
cells.

3.10. Western Blotting

Cells were lysed in RIPA buffer containing
1×Phenylmethanesulfonyl fluoride (PMSF), followed by
protein concentration measurement by an ND-1000 spec-
trophotometer. Next, 100 µg protein was resolved by the
10% SDS-PAGE gel and subsequently electrotransferred to
PVDF membranes. After blocking with 5% non-fat milk in
1×TBST for 2 h at Room Temperature (RT), primary antibod-
ies against IL-21, MMP-2, MMP-9, and β-actin were applied
for overnight incubation at 4°C. Following five times of
1×TBST washes, the membrane was incubated with HRP-
conjugated goat anti-mouse IgG antibody for one hour at
RT. Finally, protein bands were visualized by an Enhanced
Chemiluminescence (ECL) system (Image Quant LAS 4000
mini, Pittsburgh, PA, USA). The relative band densities
were measured using ImageJ (https://imagej.nih.gov/ij/).

3.11. ELISA Analysis of Cytokines

For the ELISA assay, 6×105 CD4+ T cells were grown in 12-
well plates until reaching 70% confluence. The cells were
co-cultured with the HapA fusion protein (10 µg/mL) and
H. pylori (at a Multiplicity of Infection (MOI) = 100:1 (H. py-
lori: AGS cells)), in sequence, for 24 h. Next, the cell culture
supernatant was analyzed by ELISA according to the manu-
facturer’s specifications. All samples were run in triplicate
and the mean absorbance was calculated.

3.12. Trans-Well Invasion Experiment

To explore the migration of AGS cells via IL-21 from
HpaA-induced CD4+ T cells, we designed a Trans-well inva-
sion experiment to observed the AGS cells’ metastasis. For
this purpose, 2 × 104 AGS cells were cultured in the up-
per culture wells of a 96-well plate (Code: 3374, Corning,
USA) while the lower culture wells were loaded with dif-
ferent treatments. According to the content of lower cul-
ture wells, there were seven groups, including the control
group (culture medium), L-21 treatment group (1 ng/mL

Jundishapur J Microbiol. 2020; 13(9):e101137. 3



Xia X et al.

IL-21), IL-21+anti-IL-21 mcAb treatment group (1 ng/mL IL-
21 and 10 ng/mL anti-IL-21 mcAb), HpaA+T cells treatment
group (10 ng/mL HpaA-induced 1×104 CD4+T cells), HpaA+T
cells+anti-IL-21 mcAb treatment group (10 µg/mL HpaA-
induced 1×104 CD4+T cells and 10 ng/mL anti-IL-21 mcAb),
HpaA+Aptamer HA6+T cells treatment group (10 µg/mL
HpaA with 1 nM Aptamer HA6 and 1×104 CD4+T cells), and
Aptamer HA6+T cells treatment group (1 nM Aptamer HA6
and 1×104 CD4+T cells). Then, AGS cells were counted on
the bottom of the upper wells for migration assessment.

3.13. Statistical Analysis

All data were expressed as mean±Standard Deviation
(SD) based on three independent experiments. The statis-
tical software SPSS 19.0 was used to analyze the data with
Student’s t-test between every two comparable groups or
one-way ANOVA between different groups. In the analyses,
P < 0.05 was defined as statistically significant.

4. Results

4.1. Lower levels of IL-21, MMP-2, and MMP-9 in Gastric Mucosa
with Helicobacter pylori Infection Compared to After Radica-
tion

To determine the expression levels of IL-21, MMP-2, and
MMP-9 in biopsies of gastric mucosa from patients with
H. pylori infection and radical cure, three targeted molec-
ular species of gastric mucosa tissue samples from 56 pa-
tients, before and after H. pylori radical cure, were detected
by Western blotting. The data of Western blotting showed
that IL-21, MMP-2, and MMP-9 expressions of gastric mucosa
form H. pylori radication patients decreased significantly
compared to those in the infection stage (Figure 1). The re-
sults showed that the IL-21 protein level was lower in the H.
pylori radication group than in the H. pylori-positive group
(t=3.069, P=0.0107) (Figure 2A). Similar results were also
found for MMP-2 and MMP-9 expressions (t=11.42, P < 0.001
and t=13.04, P < 0.001, respectively) (Figure 2B and C).

4.2. IL-21, MMP-2, and MMP-9 Expressions of mRNA Were Lower
in Gastric Mucosa Tissues with Helicobacter pylori Radication
Compared to Before Treatment

Consistent with previous Western blotting results, the
RT-PCR analysis of 56 gastric mucosa tissues before and af-
ter H. pylori radical cure showed a reduction in IL-21, MMP-2,
and MMP-9 expressions in the radiation group than in the
H. pylori-positive group (Figure 3). The RT-PCR results only
showed a part of all figures. Collectively, these data sug-
gested that IL-21, MMP-2, and MMP-9 expressions were re-
duced at both transcript and protein levels in the H. pylori
radication group compared to the H. pylori-positive group.

4.3. Expression and Identification of HapA Fusion Protein

The HapA DNA fragment was amplified from H. pylori
ATCC26695 by PCR. The PCR product was approximately
699 bp (Figure 4A). The amplified HapA DNA fragment was
inserted into the BamHI and HindIII sites of the pET28a
vector to construct the expression vector pET28a/HpaA and
verified by digestion by restriction enzymes (BamHI and
HindIII) (Figure 4B). Then, pET28a-HpaA was transformed
into an E. coli strain to express the HpaA fusion protein.
The recombinant protein was resolved by SDS-PAGE and
showed an expected molecular weight of 30 kDa (Figure
5A). Next, the recombinant HapA proteins were purified us-
ing Ni–NTA affinity chromatography and verified through
SDS-PAGE again (Figure 5B). The data of recombinant pro-
tein HapA were analyzed by peptide mass fingerprinting.

4.4. HpaA Can Improve the IL-21 Release via Induced CD4+T Cells
in Vitro

Our results showed that the IL-21 expression was
greater in CD4+ T cells with H. pylori infection and biopsy
specimens of H. pylori-positive patients than in CD4+ T
cells without treatment (Figure 6A). Moreover, its expres-
sion was increased in CD4+ T cells with HapA fusion pro-
tein treatment in a time-dependent manner (Figure 6A).
We also detected the release of IL-21 in CD4+ T cell culture
supernatant with different treatments by ELISA. Our data
showed higher IL-21 expression levels in the H. pylori infec-
tion group and HapA fusion protein treatment group than
in CD4+ T cells without treatment (Figure 6B). However, the
expression levels of IL-21 protein were not statistically sig-
nificantly different between the H. pylori infection group
and HapA fusion protein treatment group (Figure 6B).

4.5. The IL-21 Secretion of Adhesin HpaA-induced CD4+T-cells
from Helicobacter pylori Promoted the Expression of MMP-2
and MMP-9 in AGS Cells

The T cell-derived cytokines were shown to induce
MMP production, leading to mucosal ulceration and gas-
tric cancer migration. Therefore, the IL-21 secretion of ad-
hesin HpaA-stimulated CD4+ T cells from H. pylori regu-
lated the MMP expression in AGS cells by Western blot-
ting. The expression of MMP-2 and MMP-9 was increased
in AGS cells with IL-21 treatment when compared to the
control group (Figure 7). Subsequently, AGS cells were co-
cultured with the adhesin HpaA-stimulated CD4+ T cells.
The Western blotting results showed the MMP-2 and MMP-9
protein upregulation (Figure 7) while the pretreatment of
AGS cells with adhesin HpaA-stimulated CD4+ T cells before
adding the anti-IL-21 antibody downregulated the MMP-2
and MMP-9 expression (Figure 7). Altogether, the IL-21 se-
cretion of adhesin HpaA-stimulated T cells from H. pylori
increased the MMP-2 and MMP-9 expressions in AGS cells.
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Figure 1. Detection and comparison of the levels of IL-21, MMP-2, and MMP-9 from 56 gastric mucosa tissue samples before and after Helicobacter pylori radical cure by Western
blotting.
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Figure 2. Detection and comparison of the protein levels of IL-21, MMP-2, and MMP-9 from gastric mucosa samples before and after Helicobacter pylori radical cure by Western
blotting. **stand for P < 0.01.

4.6. HpaA Promoted the Migration of AGS via IL-21 Secretion
from CD4+T Cells by Trans-Well

To analyze the AGS cells’ migration with different treat-
ments, AGS cells were cultured in the upper culture well,
while the lower culture wells were loaded with treatment
agents. The AGS cells were counted on the bottom of the
upper well for migration assessment. The data showed
more AGS cells in the IL-21 treatment group or HpaA-
induced CD4+ T cells than in the control group (culture
medium) on the bottom of the upper culture well. How-
ever, anti-IL-21 mcAb could decrease the AGS cells in the IL-
21 treatment group remarkably. Similarly, The AGS cells mi-
gration was decreased when aptamer HA6 bonded HpaA to

cause the level of IL-21 reducing from CD4+ T cells. The num-
ber of AGS cells migration was lower than the no aptamer
HA6 treatment group. Although the number of AGS cells in
the control group was lower than that in the IL-21+anti-IL-
21 mcAb treatment group and HpaA+Aptamer HA6+CD4+

T cell treatment group, these differences were not statisti-
cally significant (Figure 8).

5. Discussion

In our previous study, we found an interesting phe-
nomenon that IL-21, MMP-2, and MMP-9 were highly ex-
pressed in the gastric mucosa with H. pylori infection.
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Figure 3. Detection and comparison of the mRNA levels of IL-21, MMP-2, and MMP-9 from gastric mucosa before and after the Helicobacter pylori radical cure by RT-PCR. **stand
for P < 0.01.

Figure 4. The construction and identification of recombinant expression vector pET28a/HpaA. (A) PCR-amplified HapA DNA sequences from Helicobacter pylori ATCC26695. (B)
Identification of recombinant expression vector pET28a/HpaA by the restricted endonuclease enzyme. M represents the DNA marker.
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Figure 5. The expression, purification, and identification of recombinant HapA protein. (A) Analysis of expressed recombinant protein HpaA from Escherichia coli DE3 (BL21)
by SDS-PAGE; M: protein marker; Lanes 1, 2, 3, 4 are the lysates of induced E. coli DE3 with IPTG at 1 h, 2 h, 3 h, and 4 h, respectively; Lane 5 is the lysate of induced E. coli DE3
without IPTG; (B) Analysis of purified recombinant protein HpaA by SDS-PAGE; M: protein marker; Lane 1: purified recombinant protein HpaA (the recombinant protein HpaA
is indicated by red arrows in figures)

To get the detail of the phenomenon, we examined
some pieces of gastric mucosa specimens, and the results
showed that the levels of the three mentioned indicators
had a positive correlation with loading bacteria in the
fresh gastric mucosa (data not shown). According to the
above description, we suggested that the level of IL-21 el-
evated at the beginning of adherence with H. pylori. And
then, five kinds of recombinant adhesin (HpaA, BabA, SabA,
AlpA, and HopZ) were used for screening experiments be-
fore this research, and HpaA showed strong ability release
IL-21 via stimulated CD4+ T cells remarkably. Thus, we fo-
cused on HpaA and conducted the current research based
on a large number of preliminary experimental results.

In this research, adhesin HpaA from H. pylori ATCC
26695 was cloned and expressed to prove its role in the
gastric mucosa with H. pylori infection. The long-term
chronic inflammation caused by H. pylori has been sug-
gested to lead to the adverse outcomes of colonization,
such as chronic gastritis, intestinal metaplasia, and gas-
tric cancer. Besides, IL-21 induces proliferation and in-
creases cell viability and cytokine production in immune
cells (20). Bagheri et al. have indicated the upregulation
of IL-21 mRNA in the gastric mucosa upon H. pylori infec-

tion, which was positively correlated with the severity of
chronic inflammation (15). Similar to previous reports (15),
we also found that the IL-21 expression at both transcript
and protein levels was enhanced in the gastric mucosa of
H. pylori-infected patients and patients with H. pylori radi-
cal elimination. To determine the impact of adhesin HpaA
of H. pylori on IL-21 production, CD4+ T cells were stimu-
lated by the recombinant HpaA protein for different peri-
ods. The results showed that HpaA could improve the IL-21
release by induced CD4+ T cells in a time-dependent man-
ner.

As known, MMPs are a group of neutral endopeptidases
that play a key role in Extracellular Matrix (ECM) remod-
eling, inflammatory processes, and cell proliferation. Ac-
cumulated evidence has indicated that H. pylori-associated
gastritis and gastric and duodenal ulcers are closely asso-
ciated with cleaving and remodeling of the ECM by MMPs
(21-24). Previous studies using patient biopsies have indi-
cated a dramatic elevation in MMP-2 and MMP-9 expres-
sions upon H. pylori infections (25, 26). In this study, similar
to previous reports, we discovered lower MMP-2 and MMP-
9 expressions in the H. pylori eradication group than in the
H. pylori infection group.
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Figure 6. The IL-21 levels of CD4+ T cells with different treatments. (A) Western blotting analysis of IL-21 expression in CD4+ T cells with different treatments; Lane 1: The levels
of IL-21 and β-actin in CD4+T cells without treatment; Lane 2: The levels of IL-21 and β-actin in CD4+ T cells with Helicobacter. pylori treatment (CD4+ T co-cultured with H. pylori
at MOI of 100 for 24 h); Lane 3: The IL-21 and β-actin levels of CD4+ T cells from gastric mucosa of patients with H. pylori infection; Lane 4 to lane 7: The IL-21 and β-actin levels
of CD4+ T cells with recombinant HpaA protein (10 µg/mL) treatment at 3 h, 6 h, 12 h, and 24 h, respectively; Lane 8: The levels of IL-21 and β-actin in CD4+T cells with HpaA
protein and aptamer HA6 co-treatment. (B) Detection and comparison of the concentration of IL-21 from CD4+T cells’ culture supernatants with different treatments by ELISA;
H. pylori treatment group: CD4+ T cells were co-cultured with H. pylori at an MOI of 100 for 24 h; HapA treatment group: CD4+ T cells were treated with HpaA protein (10µg/mL)
for 24 h; HapA/aptamer HA6 treatment group: CD4+ T cells were treated with HpaA protein (10 µg/mL) and aptamer HA6 (1 nM) for 24 h. a stands for Hp treatment groups vs.
control group, P = 0.0176; b stands for HpaA treatment groups vs. control group, P = 0.0123; c stands for HpaA/Apatamer HA6 treatment groups vs. control group; P = 0.3639,
no statistical significance.

Caruso et al. reported that IL-21 was increased in the
H. pylori-positive gastric mucosa and AGS cells, which up-
regulated MMP-2 and MMP-9 (but not MMP-1, MMP-3, or
MMP-7) expression, leading to mucosal ulceration and ep-
ithelial damage (14). Therefore, we developed a hypoth-
esis that MMP-2 and MMP-9 expression may be regulated
by the IL-21 secretion of adhesin HpaA-stimulated T cells
from H. pylori. In subsequent experiments, AGS cells were
co-cultured with adhesin HpaA-stimulated CD4+ T cells. As
shown in Figure 4, MMP-2 and MMP-9 were upregulated in
AGS cells co-cultured with adhesin HpaA-stimulated CD4+

T cells. However, the suppression of IL-21 led to the de-
creased production of MMP-2 and MMP-9 in AGS cells co-
cultured with adhesin HpaA-stimulated CD4+ T cells. These

results indicated that the IL-21 secretion of adhesin HpaA-
stimulated CD4+ T cells from H. pylori increased the MMP-
2 and MMP-9 expressions in AGS cells. Besides, the cor-
relation between the migration of AGS cells and IL-21 was
proven by trans-well invasion experiments, and anti-IL-21
mcAb reduced the number of AGS cells on the bottom of
upper culture wells.

Indeed, HpaA and Aptamer HA6 were introduced to
prove that IL-21 can promote AGS cells’ migration again.
The data showed that aptamer HA6 could reduce AGS
cells’ migration via blocking HpaA-stimulated CD4+ T cells.
Other kinds of adhesins or virulent factors of H. pylori may
cause similar or opposite functions via other pathways be-
cause many kinds of virulence factors from H.pylori play

8 Jundishapur J Microbiol. 2020; 13(9):e101137.
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Figure 7. Western blotting analyses of MMP-2 and MMP-9 expressions in AGS cells
with different treatments. Lane 1: AGS cells without treatment as the control; Lane
2: AGS cells treated with the IL-21 antibody (50 ng/ml) for 24 h; Lane 3: AGS cells pre-
treated with the IL-21 antibody (50 ng/ml) before adding the anti-IL-21 antibody (10
µg/ml) and then cultured for further 24 h; Lane 4: AGS cells co-cultured with adhesin
HpaA (10 µg/mL)-stimulated CD4+ T cells for 24 h; Lane 5: AGS cells pre-co-cultured
with adhesin HpaA (10 µg/mL)-stimulated CD4+ T cells before adding the anti-IL-21
antibody (10µg/mL) and then cultured for further 24 h; The total proteins from AGS
cells with different treatments were isolated for Western blotting analysis.
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Figure 8. Analysis of AGS cell migration with different treatments via Trans-well. The
AGS cells were cultured in upper culture wells but lower culture wells were loaded
with treatments. The number of AGS cells was counted on the bottom of the upper
wells for migration assessment. a stands for the IL-21 treatment group vs. the control
group (culture medium), P = 0.0309; b stands for the IL-21 and anti-IL-21 mcAb co-
treatment group vs. the control group, P = 0.8919; c stands for the CD4+ T cells with
HpaA treatment group vs. the control group, P = 0.0365; d stands for the CD4+ T cells
with HpaA and anti-IL-21 mcAb co-treatment group vs. the control group, P = 0.2280;
e stands for CD4+ T cells with the HpaA and aptamer HA6 co-treatment group vs. the
control group, P = 0.3118; f stands for the CD4+ T cells with aptamer HA6 co-treatment
group vs. the control group, P = 0.1695.

a role in H. pylori infection. For example, other adhesins
showed that a certain degree of IL-21 was improved via in-
duced CD4+ T cells, and other adhesins could induce a high
level of MMP families in AGS cells. Adhesins may play com-

plex roles to affect immunocytes and gastric mucosa cells
even throughout the process from adherence to invasion.
This research only showed a point of view to explain the
phenomenon based on adhesin HpaA and AGS migration.
However, the HpaA binding to receptors and the binding
to cause pathways activation are still unknown and need
to be explored in future research.

5.1. Conclusions

Altogether, our results showed that adhesin HpaA in-
creases MMP-2 and MMP-9 expressions of AGS cells by in-
ducing the IL-21 secretion by CD4+ T cells. The findings in-
dicated that adhesin HpaA plays a significant role through
IL-21 in induced T cells during gastric mucosa injury or gas-
tric cancer metastasis caused by H. pylori infection. Based
on our research, HpaA may be a good therapeutic target,
and aptamer HA6 a novel prevention strategy for H. pylori.
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