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Abstract
AIM: To study the effects of Helicobacter pylori  (H. 
pylori ) tumor necrosis factor-α (TNF) inducing protein 
(Tip-α) on cytokine expression and its mechanism.

METHODS: We cloned Tip-α from the H. pylori  strain 
26695, transformed Escherichia coli  with an expression 
plasmid, and then confirmed the expression product 
by Western blotting. Using different concentrations of 
Tip-α that affected SGC7901 and GES-1 cells at differ-
ent times, we assessed cytokine levels using enzyme-
linked immunosorbent assay. We blocked SGC7901 cells 
with pyrrolidine dithiocarbamate (PDTC), a specific in-
hibitor of nuclear factor κB (NF-κB). We then detected 
interleukin (IL)-1β and TNF-α levels in SGC7901 cells.

RESULTS: Western blot analysis using an anti-Tip-α 
antibody revealed a 23-kDa protein, which indicated 
that recombinant Tip-α protein was recombined suc-
cessfully. The levels of IL-1β, IL-8 and TNF-α were sig-
nificantly higher following Tip-α interference, whether 
GES-1 cells or SGC-7901 cells were used (P  < 0.05). 

However, the levels of cytokines (including IL-1β, IL-8 
and TNF-α) secreted by SGC-7901 cells were greater 
than those secreted by GES-1 cells following treatment 
with Tip-α at the same concentration and for the same 
duration (P  < 0.05). After blocking NF-κB with PDTC, 
the cells (GES-1 cells and SGC-7901 cells) underwent 
interference with Tip-α. We found that IL-1β and 
TNF-α levels were significantly decreased compared to 
cells that only underwent Tip-α interference (P  < 0.05). 

CONCLUSION: Tip-α plays an important role in cyto-
kine expression through NF-κB.
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INTRODUCTION
Infection with Helicobacter pylori (H. pylori) leads to chronic 
gastritis, peptic ulcer, and gastric lymphoma[1-3]. H. pylori 
has also been associated with gastric cancer[4], is classified 
as a class Ⅰ carcinogen by the International Agency for 
Research on Cancer[5], and H. pylori exerts its pathogenesis 
by secreting toxins, including hemolysin, lipopolysaccha-
rides, CagA and VacA[6-9]. CagA and VacA are the major 
virulence factors. Persistent infection by H. pylori enables 
these toxins to stimulate gastric epithelial cells to produce 
a large number of  cytokines such as tumor necrosis fac-
tor (TNF-α) and interleukin 1, 6 and 8 (IL-1, IL-6 and 
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IL-8), thus generating an inflammatory reaction[10-14]. 
Tumor necrosis factor-α inducing protein (Tip-α) is a 
new toxin discovered recently, and likely accelerates the 
inflammation and cancers caused by H. pylori[15]. How-
ever, its function and the mechanism underlying these ef-
fects remain unclear. The present work was conducted to 
determine the effects of  recombinant Tip-α (rTip-α) on 
human gastric epithelial cells and gastric cancer cytokine 
expression, as well as explore the mechanisms involved.

MATERIALS AND METHODS
Materials 
H. pylori strain 26695 was obtained from the Shanghai In-
stitute of  Digestive Disease. The following reagents were 
used in this study: Dual Promoter TA Cloning® Kit pCR
® Ⅱ and pET28a vectors (Invitrogen); monoclonal rab-
bit anti-Tip-α antibody (Beijing Aviva Systems Biology); 
BamHⅠ, Xho Ⅰ and Prestained Protein Molecular Weight 
Markers (Fermentas); DNA and gel extraction kit from 
Tiangen Biotech (Beijing) Co. Ltd.; DNA marker (TaKa-
Ra); His TrapTM H. pylori affinity chromatography column 
(GE Healthcare); and enhanced chemiluminescence kit 
(Pierce Protein Biology Products). The polymerase chain 
reaction primer sequences were 5’-TTGGATCCATGCT-
GCAGGCTTG-3’, which contained an Xho Ⅰ restriction 
site, and 5’-GGCTCGAGCTACATGGCTATAG-3’, 
which contained a BamH Ⅰ restriction site. The prim-
ers were synthesized by Invitrogen. The human gastric 
epithelial cell line GES-1 and gastric cancer SGC7901 
cells were purchased from the Shanghai Cancer Institute. 
Enzyme-linked immunosorbent assay (ELISA) kits were 
obtained from MultiSciences Biotech (Shanghai) Co., 
Ltd., while pyrrolidine dithiocarbamate (PDTC) was pur-
chased from Jingmei Biotech Co., Ltd.

Methods
Expression, purification, and identification of  Tip-α: 
We cloned Tip-α  from the genome of  H. pylori strain 
26695. The Tip-α  gene and pET28a vector (His tag) were 
digested with BamH Ⅰ and Xho Ⅰ, purified, and then ligat-
ed together to generate the ET28a-Tip-α plasmid express-
ing recombinant Tip-α. This plasmid was transformed 
into Escherichia coli and the resultant protein was purified 
by Ni-NTA affinity chromatography and verified by West-
ern blotting.

Cell recovery, culture, and passage: Cryopreserved 
GES-1 and SGC-7901 cells were centrifuged at 1000 rpm 
for 5 min. After removal of  the supernatant, these cells 
were cultured in 60 mm × 60 mm dishes containing Dul-
becco’s modified Eagle’s medium supplemented with 10% 
fetal bovine serum.

IL-1β, IL-8 and TNF-α levels at different times fol-
lowing interference by 12.5 μg/mL rTip-α in GES-1 
and SGC7901 cells: GES-1 and SGC7901 cells during 
their logarithmic growth phase underwent interference 

with 12.5 μg/mL rTip-α after starvation in serum-free 
medium for 24 h. The levels of  IL-1β, IL-8 and TNF-α 
cytokines were then assessed at 0, 1, 2, 4 and 8 h post-
interference using ELISA.

Levels of  IL-1β, IL-8 and TNF-α in GES-1 and 
SGC7901 cells following incubation with different 
concentrations of  rTip-α: We incubated GES-1 and 
SGC7901 cells with the following concentrations of  
rTip-α: 0, 12.5, 25 and 50 μg/mL. After 2 h, we examined 
the levels of  IL-1β, IL-8 and TNF-α using ELISA.

Effects of  rTip-α on IL-1β and TNF-α expression af-
ter PDTC-mediated inhibition of  NF-κB: Four groups 
consisting of  the same number of  GES-1 and SGC7901 
cells were starved in serum-free medium for 24 h before 
undergoing different treatments. Group A was treated with 
12.5 μg/mL rTip-α for 2 h. Group B was treated similarly 
after PDTC blocking of  NF-κB for 4 h. Groups C and 
D were incubated with serum-free medium and dimeth-
yl sulfoxide (the vehicle with which PDTC was diluted), 
respectively. ELISA was performed to detect the levels of  
IL-1β and TNF-α in each group.

Statistical analysis
Data are presented as the mean ± SD and analyzed us-
ing SPSS 17.0. The Student’s t test was used to compare 
two groups, while one-way analysis of  variance was used 
to compare among several groups. A P value < 0.05 was 
considered statistically significant.

RESULTS
Identification by Western blotting after rTip-α expression 
and purification
Western blotting analysis demonstrated that the Tip-α 
recombinant protein and anti-human Tip-α monoclo-
nal antibody could be specifically bound; specific bands 
were found (Figure 1). Western blotting analysis by non-
denaturing gel electrophoresis showed active dimer bands 
(46 kDa).
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Figure 1  Western blotting identification of recombinant tumor necrosis 
factor-α inducing protein.



IL-1b, IL-8 and TNF-α levels at different times following 
interference by 12.5 mg/mL rTip-α in GES-1 and 
SGC7901 cells
The levels of  IL-1β, IL-8 and TNF-α were significantly 
higher after GES-1 and SGC7901 cells underwent inter-
ference by 12.5 μg/mL rTip-α for 1, 2, 4 and 8 h than 
those at 0 h. Cytokine secretion by GES-1 and SGC7901 
cells peaked after rTip-α interference for 2 h, indicating 
no obvious dependence on time (Tables 1 and 2). Howev-
er, after interference by rTip-α for 2 h, the levels of  IL-8 
(2.53 ± 0.50) and TNF-α (1.41 ± 0.10) in SGC7901 cells 
were significantly higher than those in GES-1 cells (0.84 
± 0.11 for IL-8 and 0.72 ± 0.08 for TNF-α). As shown in 
Table 1, the levels of  IL-1β in GES-1 and SGC7901 cells 
(2.07 ± 0.10 and 2.07 ± 0.30, respectively) were not statis-
tically different after rTip-α interference for 2 h.

Levels of IL-1b, IL-8 and TNF-α in GES-1 and SGC7901 
cells following incubation with different concentrations 
of rTip-α
The levels of  IL-1β, IL-8 and TNF-α were significantly 
higher than those in the blank control in GES-1 and 
SGC7901 cells after rTip-α interference for 2 h. Cytokine 
secretion of  GES-1 and SGC7901 cells peaked at 12.5 
mg/mL, suggesting that this effect was not concentration-
dependent (Table 2).

Effects of rTip-α on IL-1b and TNF-α expression after 
PDTC-mediated inhibition of NF-kB
The levels of  IL-1β and TNF-α in SGC7901 cells in 
Group B (treated with PDTC + rTip-α) were higher than 
those in Groups C and D (no rTip-α and PDTC), but 

markedly lower than those in Group A (only treated with 
rTip-α). As shown in Table 3, these differences were sta-
tistically significant (P < 0.05, F = 40.15).

DISCUSSION
Tip-α  is a novel gene that was discovered recently in H. 
pylori. Located in the H. pylori 0596 open reading frame 
of  the H. pylori 26695 strain, Tip-α is also called H. pylori 
0596 protein. Its open reading frame is 519 bp in length 
and constitutes 173 amino acids. Tip-α has a molecular 
weight of  19 kDa and can form active homodimers with 
a molecular weight of  38 kDa through disulfide bond-
ing[15]. Recent studies have found that Tip-α is associated 
with the adsorption and colonization of  H. pylori in gastric 
mucosa[16]. Some studies have shown that the structure of  
Tip-α is different from penicillin binding proteins. Tip-α 
is composed of  three closely linked domains that interact 
with other proteins and nucleic acids. In particular, the ho-
modimer formed by cysteine ​​C25 and C27 is essential for 
Tip-α to serve its role in the gastric mucosal acidic envi-
ronment[17]. Detected by gene chip technology, expression 
of  the chemokines Cc 12 Cc17, Cc120, Cx11 and Cx15 
was enhanced after Tip-α treatment in gastric cancer 
cells and gastric epithelial cells[18]. These chemokines can 
induce chemotaxis of  immune cells to local sites of  infec-
tion, resulting in immune regulation and pathology, and 
ultimately the inflammatory response[19].

Because our pET28a-Tip-α vector also expresses 
a 3.74 kDa His tag, the recombinant Tip-α protein we 
produced possesses a molecular weight of  about 23 
kDa and can form active homodimers with a molecular 
weight of  46 kDa through disulfide bonding. Our work 
indicates that after affecting gastric epithelial and cancer 
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  Groups    0 h 1 h 2 h 4 h 8 h

  GES-1 (IL-1β)  0.34 + 0.04  0.88 + 0.09a 2.07 + 0.30a 1.35 + 0.20a 1.41 + 0.15a

  SGC-7901 (IL-1β) 0.22 + 0.04 0.35 + 0.05 2.07 + 0.10a 1.11 + 0.04a 1.14 + 0.04a

  GES-1 (IL-8)  0.35 + 0.05  0.60 + 0.12a 0.84 + 0.11a 0.64 + 0.06a 0.50 + 0.07a

  SGC-7901 (IL-8)     0.70 + 0.02 0.78 + 0.19 2.53 + 0.50a 2.26 + 0.24a 2.14 + 0.68a

  GES-1 (TNF-a)        0.39 + 0.06 0.39 + 0.07 0.72 + 0.08a 0.53 + 0.03a 0.51 + 0.14a

  SGC-7901 (TNF-a)    0.33 + 0.09  1.02 + 0.09a 1.41 + 0.10a 0.86 + 0.07a 0.47 + 0.03a

Table 1  Cytokine levels at different times after interference of GES-1 and SGC7901 cells with 12.5 mg/mL recombinant tumor 
necrosis factor-a inducing protein

aP < 0.05 vs 0 h. IL-1b: Interleukin-1b; TNF-a: Tumor necrosis factor-a. 

  Groups 0 12.5 μg/mL 25 μg/mL 50 μg/mL

  GES-1 (IL-1β) 0.59 + 0.11 2.07 + 0.30a 2.20 + 0.09a 1.23 + 0.13a

  SGC-7901 (IL-1β) 0.36 + 0.01 2.07 + 0.10a 1.22 + 0.03a 1.02 + 0.04a

  GES-1 (IL-8) 0.39 + 0.08 0.84 + 0.11a 0.75 + 0.09a 0.61 + 0.15a

  SGC-7901 (IL-8) 0.78 + 0.09 2.53 + 0.50a 1.50 + 0.16a 1.41 + 0.14a

  GES-1 (TNF-a) 0.30 + 0.06 0.72 + 0.08a 0.54 + 0.13a 0.63 + 0.10a

  SGC-7901 (TNF-a) 0.26 + 0.18 1.41 + 0.10a 0.62 + 0.07a 0.62 + 0.02a

Table 2  Cytokine levels in GES-1 and SGC7901 cells after 
interference with different concentrations of recombinant 
tumor necrosis factor-a inducing protein for 2 h

aP < 0.05 vs group 0. IL-1β: Interleukin-1β; TNF-a: Tumor necrosis factor-a.

  Groups A B C D

  SGC-7901 (IL-1β) 2.32 + 0.25 1.05 + 0.75a 084 + 0.08 0.57 + 0.09
  SGC-7901 (TNF-a) 1.51 + 0.64 0.72 + 0.20a 0.43 + 0.07 0.71 + 0.23
  GES-1 (IL-1β) 2.07 + 0.30 0.98 + 0.34a 0.69 + 0.06 0.63 + 0.06
  GES-1 (TNF-a) 0.81 + 0.08 0.36 + 0.03a 0.27 + 0.03 0.29 + 0.04

Table 3  Effects of recombinant tumor necrosis factor-a 
inducing protein on the levels of interleukin-1b and tumor 
necrosis factor-a in SGC7901 cells under different conditions

aP < 0.05 vs group A. IL-1β: Interleukin-1β; TNF-a: Tumor necrosis factor-a.
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sion of cytokines between gastric epithelial cells and cancer cells, and that 
Tip-α activates cytokine expression in a nuclear factor kB (NF-kB)-dependent 
manner.
Applications
Tip-α may become a marker of H. pylori virulence. The virulence of H. pylori 
may be determined by detecting Tip-α.
Terminology
Tip-α is the abbreviation for tumor necrosis factor-α inducing protein. It was 
first discovered that this new H. pylori toxin can promote the expression of 
TNF-α, therefore, it was called Tip-α.
Peer review
The authors certified that Tip-α-a new toxin of H. pylori, promoted the expres-
sion of cytokine, discovered the difference of this function between gastric 
epithelial cells and cancer cells, and in an NF-κB-dependent manner, further 
interpreted the mechanism of pathogenesis of H. pylori.
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