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A B S T R A C T

Helicobacter pylori infection has been reported to be associated with extra-digestive disorders such as respiratory diseases; however, the impact of H. pylori on lung is
incompletely understood. Inflammatory response is mediated by the release of cytokines, interferon, and enzymes such as metalloproteinases (MMPs). This may
contribute to collagen accumulation during the early phase of infection. MMP expression is an important factor for the proliferation and infiltration of lung cells in
the process of fibrosis formation. The aim of this work was to study the impact of the infection with H. pylori on lung using a mouse model. We looked for histological
lesions of lung infected with the microorganism as well as the expression of inflammatory and of endothelial dysfunction markers. C57BL/6 wild type (WT) mice were
infected by orotracheal instillation with 20 μl of 1×108 H. pylori reference strain suspension once per day for 3 days. Animals infected and controls were sacrificed at
3, 7, 14, 21 and 30 days. The lung from mice were stained with Hematoxylin-Eosin (H-E), Masson's Trichromic and Periodic Acid Schifft (PAS) for histological study.
Also, lipid hydroperoxides and enzime catalase (CAT) activity were determined. Expression level of multiple markers implicated in inflammation (tumor necrosis
factor (TNF)-α, interleukin (IL)-1β, IL-4, IL-6, IL-8, IL-10; metalloproteinase MMP-9) and markers of endothelial dysfunction (I-CAM and V-CAM) was determined
from lung tissues mRNA using RT-PCR. Results showed that H. pylori induced morphological changes in the lung tissue with recruitment of inflammatory cells and
lung parenchymal cell degradation. The mRNA of IL-1β and TNF-α; MMP-9, I-CAM and V-CAM increased at 3–7 days infections. Also, iNOS, IL-8 and Phosphocholine
cytidyltransferase (CCT) increased with lung injury. Anti-inflammatory interleukin as: IL-4, and IL-10 increased at 7 and 14 days post infection respectively. The
results obtained suggest that the pathogenic mechanism of H. pylori on lung could be strongly associated with lung injury as indicate the expression increased of
inflammatory mediators and markers of endothelial dysfunction.

1. Introduction

Respiratory tract diseases are among several extragastric diseases
reported to be associated with Helicobacter pylori infection.

H. pylori is a Gram-negative bacteria that selectively colonization a
hostile environment as stomach mucosa in greater than half of the
global population. Infection leads chronic inflammation of the gastric
mucosa increasing the risk of several upper gastrointestinal disorders
such as gastritis, peptic ulcers, and gastric adenocarcinoma [1–3].

T-helper cells (Th) play a very important role in host defense against
pathogens via different types of cytokine secretion. They are comprised
of three subsets, Th1, Th2, and Th17 cells, which are defined by the
cytokines that produce [4].

Cytokines that characterize the Th1 and Th17 mediated immune
responses are interferon γ (IFN-γ), tumor necrosis factor α (TNF-α), and
interleukin-1β (IL-1β), IL-6, IL-8 and IL-17 respectively. While Th2 re-
lated cytokines IL-4 and IL-10 are the most important regulatory cy-
tokines, inhibiting cell mediated immune responses [5,6].

Shi et al. [7] demonstrated that IL-6 from activated macrophages/

dendritic cells is required for Th17 cell differentiation in murine sys-
tems. Other studies showed that IL-17 synergizes with other cytokines
such as TNF-α and IL-6 to enhance the inflammatory response. In this
sense, studies on inflammatory process in patients with rheumatoid
arthritis have reported that IL-17 acts in synergy with IL-1β and TNF-α
[8]; [9]. Additionally, IL-17 stimulated gastric epithelial cells to pro-
duce metalloproteinases (MMPs). On the other hand, the main immune
mechanism to detain inflammation is IL-10, which can suppress Th1,
Th2, and Th17 immune responses [10].

H. pylori infection mainly induces a mixed T-helper, Th17/Th1, cells
response that contributes to gastric inflammation and microorganism
colonization [11]. Thus, the inflammatory response due to stimulation
of the epithelial cells produce various proinflammatory cytokines and
chemokines (including IL-8, IL-1β, IL-6, TNF-α), followed by recruit-
ment of immune cells into the gastric mucosa. This cause changes in the
normal morphology of gastric epithelial cells, by damage to DNA and
induces synthesis of reactive oxygen species (ROS); which contribute to
major impact in the final outcome of the infection [12]. The MMP such
as MMP-9 expression contributes to tissue damage during H. pylori-
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associated gastritis and may increase invasion of microorganism
[13,14]. It has also been reported that MMP-9 enhances the host sus-
ceptibility to pulmonary infection with Francisella tularensis [14,15].

Several microorganisms may cause diseases from the primary site of
infection by interfering with different biologic processes [16]. Is well
known that lung and the cells that constitute the digestive system have
the same embryological origin [17]. So, the persistent of H. pylori in the
gastric epithelium, induce systemic effects and immune response that
can cause lesion far away from the primary infection site. Moreover,
both H. pylori infection and respiratory disease are characterized by the
attraction of granulocytes as well as B- and T-cell mediated response
[18]. On the other hand, H. pylori is present in the oral cavity, therefore
it is not surprising that many studies have demonstrated the presence of
microorganism in upper respiratory system mucosa. This increases the
possibility that H. pylori has a potential role in the onset of diseases such
as sinusitis, adenotonsillar hypertrophy, pharyngitis and laryngitis.
Also, in the last years, a possible association between H. pylori and
pulmonary disease has been suggested [19].

The hypotheses indicate that the role in extragastric disease of H.
pylori could be through of mechanism such as the production of an
inflammatory state, induction of molecular mimicry mechanism by
expressing proteins that mimic host peptides [20] or aspiration into the
lung of H. pylori products, such as toxins [21]. In the case of the re-
spiratory system, patient that have gastroesophageal reflux, could fa-
cilitate the infection with H. pylori in the lung due to the gastric content
may easily reach the airways. If this contains the bacteria, it might
colonize the respiratory system through the ora-pharyngeal-laryngeal
routes and trigger inflammation [18]. However, the impact on lung of
H. pylori has not been investigated.

The aim of this work was to study the impact of the infection with H.
pylori on lung using a mouse model. We looked for histological lesions
of lung infected with the microorganism as well as the expression of
inflammatory and of endothelial dysfunction markers.

2. Materials and methods

2.1. Animals and experiment protocol

C57BL/6 wild-type (WT) mice were used. They were keep under
specific-pathogen-free condition at UNSL's bioterio, according protocol
approved by the Comité Institucional de Cuidado y Uso de Animales
(CICUA). The male mice of 6–12 weeks old, 25–30 g approximately,
was provided with sterile food and water ad libitum during the experi-
ence. Three independent experiments were carried out with 4 mice per
group (total n= 20 mice).

2.2. Bacteria and experimental protocol for H. pylori infection

Strain NCTC 11638 (kindly provided by Dra. Teresa Alarcón Cavero,
Microbiology Service of Hospital Universitario de la Princesa, Madrid,
Spain) was used for infection. H. pylori strain were grown in Mueller-
Hinton agar (MHA) supplemented with 7% horse blood (MHA-HB) at
37 °C under microaerophilic conditions and identified by microscopy,
urease, catalase and oxidase tests. A bacterial suspension of 1–5x108

colony forming units for millilitre (CFU/ml) was prepared for the in-
fection. Mice were divided into two groups, infected and control. To the
infected group, 50 μl of the microorganism suspension was adminis-
tered by orotracheal instillation; while to the control group it was given
phosphosaline buffer (PBS 1× pH 7.4) sterile.

2.3. Bacteriological determination and quantification of mucosal lesion

The H. pylori count in the lung, mesenteric lymph nodes (MLN) and
stomach at 3, 7, 14, 21 and 30 days post-orotracheal infection, was
performed by organs homogenization, obtained aseptically in saline
solution, using an Ultra Turrax IKA® T18 basic teflon fabric

homogenizer. Homogenates and dilutions thereof (100 μl) from both
control and infected groups were plated on blood agar plates, and in-
cubated at same conditions as previously described.

The molecular determination was performed by PCR assay using
16S rRNA primers. H. pylori DNA was obtained from lung in all days'
post-infection. Primers sequence was: Forward: 5′-GGAGGATGAGGTT
TTAGGATTG-3′ and Reverse: 5′-TCGTTTAGGGCGTGGACT-3’.

The number of lesions in the glandular part of the stomach was
measured under an illuminated magnifying microscope. Long lesions
were counted and their lengths were measured. Petechial lesions were
counted, and then each five petechial lesions were taken as 1mm of
ulcer according to described by Ref. [22].

2.4. Bronchoalveolar lavage (BAL)

After 3, 7, 14, 21 and 30 days post-infection, mice from both groups
were anesthetized with ketamine-xylazine and the trachea was cannu-
lated. BAL was performed with PBS 1×, which was collected, cen-
trifuged and supernatants were frozen at −20 °C for future analysis.

2.5. Characterization/typification of cell populations

To evaluate the cellular immune response, the first BAL (approxi-
mately 1ml) was centrifuged and the supernatant fixed with methanol
and stained with Giemsa. Total of 100 cell were counting and identified
by the characteristic morphology using light microscopy.

2.6. Histopathological analysis of lungs

The lung from one mouse from each group and at each time point
extracted aseptically was fixed with Bouin's liquid, and the paraffin
wads were mounted. The obtained sections were stained with
Hematoxylin-Eosin (H-E), Masson's Trichrome and Periodic Acid Schifft
(PAS) and visualized under an Olympus BX50 optical microscope con-
nected to a digital camera. The analysis of the microphotographs was
performed with the ImageJ system. Histopathologic evidence for lung
injury was analysed as previously described by Ref. [23]. Briefly, the
lesion was scored on a scale from 0 (normal) to 10 (most severe) es-
sentially as degree of vascular congestion, hemorrhagic edema, thick-
ening of alveolar septum (edema), hyaline membrane formation in the
distal airway, and neutrophil accumulation. A total score of less than 4
was considered a mild injury, a score of 4–8 was classified as moderate,
and a score greater than 9 was classified as severe.

2.7. Determination of the gene expression

Total RNA from lung tissue was extracted using TRIzol (Life
Technologies) and RNA quantification was performed by spectro-
photometric measurement using a NanoDrop ND- 1000 (NanoDrop
Technologies). RNA sample was adjusted to give a final concentration
of 2 ng/μl. Synthesis of cDNA was performed using 2 μg of total RNA,
Moloney Murine retrotranscriptase Leukemia virus reverse tran-
scriptase (Invitrogen) and random primers. From the cDNA thus ob-
tained, the genes coding for TNF-α, iNOS, IL-1β, IL-8, IL-17, IL-10, IL-4,
MMP-9, CIT, I-CAM1, V-CAM1 and β-actine as housekeeping were
amplified by PCR (Table 1). The fragments obtained were identified on
agar gel stained with Gel Red (GenBiotech). The size of the DNA frag-
ment was determined by comparison with the Molecular Weight
marker, 6-band markers PCR with a PM range of 50–1000 bp. Differ-
ential analysis of gene expression was performed by semi-quantification
of the bands with an image analyser (WCIF ImageJ). The ratio for a
given gene respect to the constitutive gene and the expression ratio of
that gene for a given time of infection to the control, were established.
Values less than 1 correspond to a decrease in expression and values
greater than 1 correspond to an increase in expression.
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2.8. TBARS determination

Lung homogenates were used for thiobarbituric acid (TBA) assay,
and the level of lipoperoxidation products, mainly malondialdehyde
(MDA), were determined spectrophotometrically as thiobarbituric acid
reactive substances (TBARS) [23]. OD was read at 535 nm and 575 nm
to correct baseline absorption MDA equivalents were calculated using
the difference in OD at the two wavelengths and quantification was
made by using a calibration curve.

2.9. Catalase (CAT)

Activity was measured in lung homogenate. A reagent mixture
containing 50mM K-phosphate buffer (pH 6.5) and 3mMH2O2 diluted

with 50mM phosphate buffer (pH 7) was used. Reaction was started by
adding sample and the absorbance at 240 nm was monitored at room
temperature. The decrease in absorbance was recorded and activity
calculated using a molar extinction coefficient of 40M−1 cm−1.

2.10. Statistical analyses

Statistical differences were tested by analysis of variance (ANOVA)
or by unpaired Student's test. All data are expressed as the
mean ± S.E.M. (Standard Error of Mean). A probability of p < 0.05
was considered significant.

3. Results

3.1. Bacterial recovery

The recovery of H. pylori in lung tissue as well as in mesenteric
lymph nodes (MLN) and stomach was determined by viable cell counts.
The microorganism was identified by microscopy, urease, catalase and
oxidase positive tests.

H. pylori was isolated from the lung at the 3 and 7 day post infection.
The small and transparent colonies was Gram stained and the char-
acteristic gram-negative helical shape of bacterium was observed
(Fig. 1A and B). The viable count was 1.3× 104± 1.5 CFU/ml at 3
days post infection and bacterial load decreased 2.3×103± 1.8 CFU/
ml at 7 days post infection.

There was no recovery of the microorganism in MLN and stomach of
mice infected by orotracheal route. However, the presence of lesions in
gastric mucosa showed three compared to seven ulcers in control and
infected mice respectively by 100 microscopic fields observed.

The detection of H. pylori´s DNA was performed by PCR. Intensity of
bands amplified of 16 S rRNA gene was strong in the first period of
infection (3 and 7 days), faint at 14 and 21 days and negative at 30 days
post-infection (Fig. 1C).

3.2. Cell population typification

The analysis of the influx of different cells in the lung after infection
was examined from the cellular populations present in BAL. The count

Table 1
Primers used for RT-PCR.

Target Genes Orientation Sequence (5′-3′)

Β-actine Forward CTCTTTGATGTCACGCACGATTTC
Reverse GTGGGCCGCTCTAGGCAGCAA

TNF-α Forward ATGAGCACAGAAAGCATGATC
Reverse TACAGGCTTGTCACTCGAATT

iNOS Forward GAGAGATCCGATTTAGAGTCT
Reverse GAGAGATCCGATTTAGAGTCT

IL-1β Forward TGCAGAGTTCCCCAACTGGTACATC
Reverse GTGCTGCCTAATGTCCCCTTGAATC

IL-8 Forward GTGCTGCCTAATGTCCCCTTGAATC
Reverse GTGCTGCCTAATGTCCCCTTGAATC

IL-4 Forward GAATGTACCAGGAGCATATC
Reverse CTCAGTACTACGAGTAATCCA

IL-10 Forward CTCAGTACTACGAGTAATCCA
Reverse AAGCGGCTGGGGGATGAC

I-CAM Forward TAAGAGGACTCGGTGGATGG
Reverse TTTCCCCAGACTGTCACAGG

V-CAM Forward TGACAAGTCCCCATCGTTGA
Reverse ACCTCGCGACGGCATAATT

CIT Forward AGGCTACTGTGACCGAGTA
Reverse AGTCACCCTGACATAGGGCT

MMP-9 Forward GCATACTTGTACCGGTATGG
Reverse TGTGAGTTTATGATGGTCCC

IL-17 Forward TCCAGAAGGCCCTCAGACTA
Reverse CTCGACCCTGAAAGTGAAGG

Fig. 1. A) Culture of H. pylori isolated from lung at 3 days after infection. B) Gram stain from H. pylori colonies. C) DNA 16S rRNA gene detection by PCR. MW:
Molecular Weight, lane 1: Control 3 days, lane 2: Infection 3 days, lane 3: Control 7 days, lane 4: Infection 7 days, lane 5: Infection 7 days, lane 6: Control 14 days,
lane 7: Infection 14 days, lane 8 control 21 days, lane 9: infection 21 days, lane 10: infection 30 days, lane 11: positive control, lane 12: negative control.
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in infected mice after 3 and 7 days of infection showed foci of mild
inflammatory infiltration around structures of the respiratory tree and
in the pulmonary stroma with the presence of 85% of macrophages (M),
10% of lymphocytes (L) and 5% of PMN; polymorphonuclear leuko-
cytes (PMN). The lungs of control mice showed normal distribution of
inflammatory cells, 95% of macrophages and 5% of PMN without his-
tological changes.

3.3. Histological analysis

In order to study the impact of H. pylori infection on the lung, his-
tological analysis was realized using Hematoxylin-Eosin, Masson's
Trichromic and Periodic Acid from Schifft stain. The lungs fixed, sec-
tioned and stained were analysed to evidence injury in tissue of control
and infected mice at each infection time.

Hematoxylin-Eosin staining of the lung tissue at 3 days post-infec-
tion showed the presence of PMN infiltration around the bronchial tree.

Fig. 2. Hematoxylin-Eosin stain of lung control and infected. Columns A and B correspond to lung of control mice, while columns C and D are from infected lung. As
the infection time progress, PMN infiltration is observed. Also, the structure of the lung change. The alveoli fused, and fibrosis process begun (Infected: 14, 21 and 30
days).
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PMN infiltration is maintained at 7 days in which the presence of fused
alveoli is also observed. The evolution of the damage is evidenced by an
increase in infiltration at 14 days coinciding with the beginning of the
fibrosis process. The presence of numerous non-functional spaces is
observed at 21 days of infection, whereas at 30 days lung tissue shows
advanced fibrosis that impacts lung function (Fig. 2).

PAS staining showed a marked presence of macrophages at 3 and 14
days, with an increased during the time of infection. Also, iNOS and IL-
8 increased with lung damage indicating an increase of ROS levels of
nitrogen in lung tissue (Fig. 3).

Masson's Trichromic staining allows visualization of the connective
tissue, which is clearly blue and is mainly present around the re-
spiratory tree (Fig. 4). Analysis of staining in the lung tissue after in-
fection showed an increase in the development of connective tissue in
the pulmonary stroma at 3 and 7 days post-infection. At 14 days, the
presence of collagen increased considerably, with an evident pul-
monary fibrosis at 21 and 30 days post infection, which would com-
promise the correct functioning of the organ.

3.4. Gene expression analysis

Kinetics was examined of TNF-α, iNOS, IL-1β, IL-8, IL-17, IL-10, IL-
4, MMP-9, CCT, I-CAM1 and V-CAM1 mRNA expression, at various time
points in response to the orotracheal infection. Kinetic profiles of cy-
tokine gene expression showed heterogeneity over the study period.

As shown in Figs. 5–6, the basal expression of both inflammatory
and endothelial dysfunction markers was observed at 3 days post-in-
fection except for IL-1β, which showed an increased at 3 days with a
peak on 21 day after infection (Fig. 5B).

TNF-α and IL-17mRNA expression in the lung of infected mice
showed an increased at 7 and 14 days after infection that decreases
slightly on day 21 (Figs. 5A and 6B). iNOS and IL-8 showed an in-
creased at 7 and 14 days after infection respectively, while IL-8 has a
peak at 21 days (Fig. 5A and B).

Anti-inflammatory IL-4 gene expression profiles showed an in-
creased at 7 days of infection while IL-10 reached peak levels at 14 days
(Fig. 5C).

Phosphocholine cytidyltransferase (CCT), the limiting enzyme for
the synthesis of phosphatidylcholine, increases its expression from day
14, reaching maximum value at 21 days, while the MMP-9 showed an
increased at 7 days with a peak level at 21 day of infection (Fig. 6B).

Finally, the endothelial dysfunction markers, I-CAM1 and V-CAM1
reached maximum levels at 7 days after infection and maintain similar
values until day 21 (Fig. 6A).

3.5. Lipid hydroperoxides in lung

Lipid hydroperoxides are related to oxidative stress development in
lung. TBARS levels were measured as indicators of lipid peroxidation.
At days 3, 7 and 21 after infection, they showed an increase of the
infected group in comparison with the corresponding non-infected
group. No significant differences were observed at 14 days (Fig. 7).

3.6. Catalase (CAT)

Activity of catalase (CAT) was measured in different times of in-
fection. It was observed an increase in the infected group at days 3, 7
and 21 post infection in comparison to the respective control group. In
days 14 no difference was observed between them (Fig. 8).

4. Discussion

The stomach is the natural niche of the H. pylori, however in the past
few years, extragastric disorders has been associated with infection as:
respiratory disease like chronic obstructive pulmonary disease (COPD),
bronchiectasis, asthma, lung cancer, chronic bronchitis. In the pre-
viously mentioned lung pathologies seroprevalence was seen [24,25].
The present study is the first in evaluate the effect of lung H. pylori
infection using an animal model which lacks both the vomiting reflex
and gastric reflux.

The mechanisms that relate the infection to the development of
respiratory diseases it is not defined yet [26]. proposes two theories
that would explain: i) the immune response induced by H. pylori and the
chronic release of gastrointestinal peptides (gastrin, somatostatin) and
proinflammatory cytokines, including interleukin IL-1, IL-8 and TNF-α
from the gastric mucosa which leads to a systemic effect. ii) A cross
molecular mimicry between bacterial and host antigens exists in H.
pylori-infected patients. Therefore, a pathogenic role of H. pylori in
diseases may be due to abnormal activation of inflammatory mediators
and/or induction of autoimmunity. iii) The aspiration or inhalation of
the bacterial in the airways causing a direct damage and chronic airway
inflammation [24,27]. Consequently, the possible mechanisms of H.
pylori infections in the pathogenesis of the majority of extragastric
diseases include chronic, local or systemic inflammation and the in-
itiation of autoimmune responses [26].

All available data on H. pylori infection in the lungs are based on
epidemiological cross-sectional or case-control studies which there are
some discrepancies, likely due to the different patient characteristics
and diversity of the methods used to detect the microorganism. Almost,
several studies have been conducted to demonstrate the association
between H. pylori and respiratory diseases and to understand the pa-
thogenesis of these diseases [28] hypothesize that the gastric infection
of H. pylori initiates a systemic immune response that has an impact on
the pulmonary in susceptible patients.

[29] Carry out a study to understand the effect of gastric H. pylori
colonization on local and systemic immune responses. Histological
evaluation of the mice's stomach showed corpus-dominant inflamma-
tion with mixed mononuclear and neutrophilic infiltrates around the
gastric glands. Similarly, in the present study the lung samples showed
PMN infiltration around the bronchial tree. Infiltration became evident
at 3 days post-infection. Also, the authors observed an increased in-
filtration with non-functional spaces generation over the course of the
infection. According to this, it has been observed that the pathogenesis
of some diseases of the upper respiratory system such as otitis and si-
nusitis showed behaviour similar to the pathogenesis of H. pylori gas-
tritis, in which there is an inflammatory response [30].

Fig. 3. PAS stain. The picture shows the increased of macrophages during the time of infection. Between days 3 and 14, there is an increase in the same.
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On the other hand, we demonstrate that once lung infection with H.
pylori has occurred, the microorganism colonizes the lung tissue from
which it can recover until the seventh day post infection (Fig. 1A and

B). We attribute that H. pylori cannot be recovery by culture due to a
decrease in the bacterial load during the process of lung tissue atrophy
observed at 21 and 30 days after infection. Also, the atrophy observed
in lung creates a hostile environment for H. pylori, and thus it is likely
that the organisms were lost after the development of atrophy.

According to this, the molecular detection of H. pylori at 21 days
after infection only showed a faint band while not amplification of 16S
rRNA gene was observed at 30 days. Similar results were obtained by
Ref. [31] for detection of H. pylori in gastric biopsies using im-
munohistochemical stain in which the authors did no detected organ-
isms in gastric mucosa with chronic active inflammation. In this sense
[32], propose that prolonged atrophy causes the spontaneous dis-
appearance of H. pylori from the gastric mucosa and a fall in the anti-
body titer.

The inflammatory response is mediated by the release of chemo-
kines, cytokines, interferon and enzymes such as metalloproteinases
(MMPs). Additionally, the immune cells are the mediators of in-
flammation to ward off invading pathogens [33] [34]. demonstrate that
IL-1β is sufficient to induce lung inflammation, enlargement of distal
airspaces, mucus metaplasia, and airway thickening and fibrosis in the
adult mouse. Besides, IL-1β enhanced the production of matrix me-
talloproteases MMP-9 and MMP-12. Consistent with these results, in
our experimental model MMP-9 increased (Fig. 6B) after the increased
of IL-1β. Both in healthy tissue and tissue in pathological processes
express MMPs, a zinc-dependent proteinase whose function are de-
gradation of extracellular matrix and tissue remodeling, playing a key
role in the pulmonary inflammation [35]. MMP-9, an elastolytic en-
dopeptidase, produced by active macrophages, an inflammatory cell,
from the lung, play a role in the development of pulmonary emphysema
by degradation of alveolar wall [36]. Malik et al. [53] observed five
days after infection by zymography an increase of MMP-9, in mice's
lung, after infection with Francisella tularensis. Our results showed peaks
of MMP-9 expression at 7 and 21 days, after infection (Fig. 6B).

Malondialdehyde (MDA) and H2O2 have been recognized as an
important target in the oxidative process, and previous studies have
shown that the elevation of oxidative stress indicators is related to heart
injury [37]. In our experimental model, H. pylori increased antioxidant
enzymes catalase (CAT) activity, and improved oxidative production
MDA and H2O2 level to balance the oxidation and anti-oxidation sys-
tems in the lung. In addition, the stimulation of IL-1β and TNF-α causes
proliferation of fibroblasts and production of metabolites (ROS and
nitrogen species). Reactive oxygen species (ROS), and reactive nitrogen
species (such as NO), may also contribute to tissue damage mediated by
activated macrophages [38]. At day 3, 7 and 21 post-infection TBARS
levels increased, in infected group. In contrast, at day 14, the con-
centration of TBARS wasn't increased significantly between the groups
(Fig. 7). These results provide additional evidence for the concept that
oxidative stress is an important effect of H. pylori infection, in lung. To
compare the lung oxidative status of infected mice, an analysis of CAT
activity was undertaken. We detected an increased in CAT at 3, 7 and
21 days after H. pylori infection; these increments are associated at the
time that TBARS increased (Fig. 8).

H. pylori´s LPS and cytokines through activation of different sig-
naling pathways can induce the expression of nitric oxide synthase
inducible (iNOS). The resulting product, NO, has anti-bacteria and anti-
virus properties, and the excess is involved in inflammatory an in-
fectious disorder [39]. Our results show an increase of mRNA, reaching
a peak at 14 days after infection, with a decreased in the next days.
Similar results were obtained by Ref. [40] in mice's lungs infected with
Mycobacterium tuberculosis. In addition, it is quite possible that sec-
ondary metabolites of nitrites, on the other function as potent chemo-
taxis for polymorphonuclear neutrophils and macrophages [41].

Several authors showed that IL-17 A acts in synergy with IL-1β and
TNF-α to drive the inflammatory environment; also stimulate human
epithelial cells to induce IL-8 cytokine [54]. After the 7 days post-in-
fection, IL-17 was overexpressed, this agree with results from other

Fig. 4. Masson's Trichromic stain. The connective tissue increases the devel-
opment in 3 and 7 days after infection. The collagen is considerable at the last
days of infection.
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authors that showed an increase of this interleukin in patients infected
with H. pylori in gastric mucosa [42]. In addition, IL-17 is associated
with antimicrobial responses and control of bacterial colonization in
several animal models [43]. In this study, as expected, the micro-
organism it was not recovered from lung tissue at 14 days after infec-
tion, according to the higher values observed by IL-17, among days
7–30 after infection. In this sense, several authors propose that the
strong inflammatory responses at mucosal gastric level lead to eradi-
cation of H. pylori [44].

IL-4 is a cytokine that promotes and regulated immune response,
some authors demonstrate that secretion of IL-17 is downregulated by
IL-4 [45,46]. However, in this study IL-17 was overexpressed from 7 to
30 days, after infection. Also, IL-4 increased the expression of IL-10
[45]. We found a peak of IL-10 after increased of IL-4. High levels of IL-
10 may mask proinflammatory effects of TNF-α [47]. In our study the
increase level of IL-10 coincided with low level of TNF-α. Respect to
TNF-α, it has a peak at 7 days after infection and then the cytokine
decreased. Similar results were observed with M. tuberculosis at 3 weeks
(21 days) after infection [40,48]. The initial steps of endothelium/
leucocyte interactions are considered to involve selectins and I-CAM, V-
CAM. These are crucial for leucocytes adhesion and migration into the
sub-endothelium. Additionally, TNF-α increased the expression of in-
tracellular adhesion molecule-1 (I-CAM1), that mediates the transmi-
gration of enrolled leucocytes into the surrounding tissue. At seven
days, it was noted that I-CAM and V-CAM was remarkably increased in
the lung of infected mice. Besides, both endothelial adhesive molecules

remain elevated until day 21. So, the elevation of cell adhesive mole-
cules is related to higher morbidity and these cytokines are considered
as reliable biomarkers of endothelial activation.

Under these conditions (increase inflammatory cytokines and
growth factor as IL-1β, TNF-α, IL-17 and IL-8) the interaction among
activated macrophages, infiltrated neutrophils, alveolar cells, and vas-
cular endothelial cells in alveolar space potentiate moderate to severe
inflammation, amplifying a cascade of inflammatory reactions and
modification of the surfactant synthesis (Fig. 5A and B and 6B) [49].
The effect of altered surfactant phospholipid metabolism and its distinct
influence on the pathogenesis of lung pathology is often under-
appreciated because attention is frequently focused on the primary
source, the type 2 pneumocyte (AT2). Phosphocholine cytidyl-
transferase (CCT) considered a marker of damage of pulmonary stroma
that lead to alteration of surfactant synthesis showed higher values at
seven days after infection. CCT showed a high level in the last days of
infection that compromises the synthesis of pulmonary surfactant major
component, affecting organ function. These results are according to
lung tissue damage observed by histological analysis, in other patho-
logical situation [52,49]. Accordingly, altered surfactant homeostasis is
commonly considered an inevitable consequence secondary to AT2 cell
dysregulation and injury.

Otherwise, the infiltration of inflammatory cells within the gastric
mucosa is a common factor in H. pylori infection, and the degree of
mucosal damage correlates with PMN infiltration [11]. Hematoxylin-
eosin-stained lung sections obtained from H. pylori infected mice, at day

Fig. 5. Analysis of gene expression. A) An increase of
TNF-α was observed from day 7 to day 21 after in-
fection, while iNOS showed a higher expression at
day 14. B) IL-1β have high levels of expression
during the day 3 and day 21. IL-8 showed a peak in
day 21. C) Anti-inflammatory cytokines IL-4 and IL-
10 have a peak at day 7 and day 21, also IL-10 have a
maximum peak at day 14.

Fig. 6. A) An increase of both endothelial adhesion molecules I-CAM1 and V-CAM1 was observed from day 7 to day 21. B) CIT showed a higher expression at day 21,
while IL-17 had a constant expression over time. MMP-9 showed a peak at day 7, after that it was decreasing.
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3 after infection revealed foci of mild inflammatory infiltration of
bronchioles and adjacent alveoli. The lung from the non-infected ani-
mals did not show such histopathological features. The interstitial space
contained a large number of blood cells, predominantly polymorpho-
nuclear inflammatory cells, when compared to control mice.(Fig. 2).
Neutrophils and activated macrophages also degrade surfactant lipids
suggesting that both cell types may contribute to the alterations in the
lipid surfactant [50]. At 7 days post-infection, infiltration of phagocytic
cells, revealed fragmentation of the alveolar septa, focal interstitial
proliferation, and mononuclear inflammatory cell infiltration. Likewise,
IL-17 pathway may destroy the tissue by inducing MMP production

[51]. At day 21 and 30 after infection more significant changes in lung
parenchyma were observed in both groups compared with infected
animals at day 3 and 7. At 21 day Masson's trichrome stain reveals
increased collagen on alveolar walls of lung infected mice compared
with controls, and specially increased collagen, at 30 days (Fig. 4).
Mucus metaplasia is commonly associated with chronic inflammatory
lung diseases. From the 7 day, PAS staining revealed mucus metaplasia
in the lungs of infected mice compared with control (Fig. 3).

Our results suggest that the pathogenic mechanism of H. pylori in
the lung is strongly evidenced with pulmonary tissue damage associated
with increased expression of inflammation mediators and markers of
endothelial dysfunction. In addition, this knowledge is crucial for un-
derstanding how mononuclear inflammatory cell and phagocytic cells
participate in antimicrobial host defense and inflammatory tissue da-
mage which may also point to possible future targets of the pharma-
cological therapy.

5. In conclusion

The impact of Helicobacter pylori infection on the respiratory system
represents a field with inconclusive data and many pending questions.

This is the first work that shows the effect of lung H. pylori infection
using a mouse animal model. Results exhibited direct evidence and
revealed a bacterial potential pathogenic role in the tissue injure, the
expression of cytokines and endothelial dysfunction markers.
Considering the importance and prevalence of respiratory system dis-
eases; these work is an important contribution in the study of the
possible link between H. pylori and pulmonary pathology.
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