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Background. The immune response to Helicobacter pylori importantly determines the outcome of infection as well
as the success of eradication therapy. We demonstrate the role of a cysteine protease cathepsin X in the immune
response to H. pylori infection.

Materials and methods. We analysed how the inhibition of cathepsin X influenced the immune response in experi-
ments when THP-1 cells or dendritic cells isolated from patients were stimulated with 48 strains of H. pylori isolated from
gastric biopsy samples of patients which had problems with the eradication of bacteria.

Results. The experiments, performed with the help of a flow cytometer, showed that the expression of Toll-like re-
ceptors (TLRs), especially TLR-4 molecules, on the membranes of THP-1 cells or dendritic cells was higher when we
stimulated cells with H. pylori together with inhibitor of cathepsin X 2F12 compared to THP-1 cells or dendritic cells
stimulated with H. pylori only, and also in comparison with negative control samples. We also demonstrated that when
we inhibited the action of cathepsin X in THP-1 cells, the concentrations of pro-inflammatory cytokines were lower
than when THP-1 cell were stimulated with H. pylori only.

Conclusions. We demonstrated that inhibition of cathepsin X influences the interalization of TLR-2 and TLR-4. TLR-2
and TLR-4 redistribution to intra-cytoplasmic compartments is hampered if cathepsin X is blocked. The beginning of a
successful immune response against H. pylori in the case of inhibition of cathepsin X is delayed.
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Introduction Activation of immune cells leads to H. pylori-

specific adaptive T helper type 1 response.? In
One of the important host factors that affect cure the case of impaired host immunity, a defective
rates for Helicobacter pylori infections is the im- immune response to H. pylori may be a reason
mune response to the infection. H. pylori antigens for H. pylori eradication failure.> Chronic infec-
are recognised by epithelial cells, macrophages, tion with H. pylori can also be the result of the
and dendritic cells with the help of Toll-like re- host’s inability to induce an appropriate immune

ceptors (TLRs) and Nod-like receptors (NLRs).! response.*
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The discovery of cathepsin X brought new
knowledge to how different proteins contribute to
the immune response to H. pylori.®> Patients infected
with H. pylori expressed more cathepsin X than the
healthy control group. Cathepsin X was located
in macrophages gathered from gastric mucosa.
Afterwards it was discovered that patients with H.
pylori gastritis had a higher concentration of cath-
epsin X protein and cathepsin X mRNA levels in
gastric mucosa compared to H. pylori negative pa-
tients.® Cathepsin X was also up regulated in the
gastric mucosa of patients with gastric cancer in
contrast to those without gastric cancer.”

Cathepsin X is a lysosomal cysteine protease
found predominantly in the cells of monocyte/
macrophage lineage. It acts as a monocarboxy-
pepidase and has strict positional and narrower
substrate specificity relative to other human cath-
epsins.® Cathepsin X is capable of cleaving regula-
tory motifs at the C-terminus affecting the function
of the (3, subunit of integrin receptors and alpha
and gamma enolase. It was demonstrated that via
activation of 3, integrin receptor Mac-1 (CD11b/
CD18), active cathepsin X enhances the adhesion of
monocytes/macrophages to fibrinogen and regu-
lates phagocytosis.” By activating the Mac-1 recep-
tor, cathepsin X may also regulate the maturation
of dendritic cells (DCs), a process that is crucial in
the initiation of adaptive immunity.!® Cathepsin X
also activates the other 3, integrin receptor, LFA-1
(CD11a/CD18), which is involved in the prolifera-
tion of T lymphocytes.!!

In our study we wanted to test the hypothesis
that inhibition of cathepsin X influences the suc-
cessful immune response to an infection with H.

pylori.

Materials and methods
Strains of H. pylori and patients

We analysed the influence of 40 H. pylori strains
on the immune response of THP-1 cells. 20 strains
of the bacteria were sensitive to all tested antibi-
otics. 20 strains of the bacteria were resistant to
clarithromyecin. The strains were isolated from gas-
tric biopsies of patients with chronic gastritis. We
also included a total of 8 strains of bacteria from
dyspeptic patients with chronic gastritis that had
problems with eradication of H. pylori. These pa-
tients gave 24 ml of blood that was later used to
isolate DCs. Ethical approval was obtained for this
study (National Medical Ethics Committee of the
Republic of Slovenia).

Isolation of H. pylori and antibiotic
susceptibility testing

Gastric biopsy samples were inoculated onto BHI
agar with 10% horse blood and checked every 3
days for the total of 12 days for the presence of col-
onies typical of H. pylori and the identity confirmed
with urease, catalase and oxidase enzyme activity.
Antimicrobial susceptibility was determined with
an Etest (bioMerieux, France) using ISO Sensitest
agar supplemented with 10% horse blood.
Antimicrobial susceptibility against clarithromy-
cin, metronidazole, amoxicillin, tetracycline, and
levofloxacin was determined. Metronidazole sus-
ceptibility was additionally tested with the break-
point agar dilution method with the metronidazole
concentration of 8 mg/L. Susceptibility breakpoints
used to determine resistance were in accordance
with the EUCAST standards. The presence of cagA
and vacA genes was determined with PCR method
as stated in the previous article.!?

The number of bacteria used in the experiment
with THP-1 and DCs was determined by the ab-
sorption at A, with 0.8 optical density (OD) units
corresponding to 108 CFU/ml of bacteria. H. pylori
bacteria were washed three times with PBS and
stored at —20°C.

Flow cytometer analysis

All the data was collected on a FACSCanto flow
cytometer and expression of different proteins was
measured as MFI of various markers. We also as-
sessed the MFI of molecules on the cell membranes
using FlowJo (TreeStar, USA) and FACSDiva™
(BD Biosciences, UK) analysis software.

Isolation and culture of THP-1 cells and
DCs

The medium used throughout the experiment was
Advanced RPMI 1640 supplemented with 2 mM
L-glutamine, 5% FCS, and antibiotics (Hyclone,
Logan, UT, USA). THP-1 cells (TIB-202™) were ob-
tained from LGC Promochem, UK. We cultured the
cells for 7 days. Cells were allowed to differenti-
ate to monocytes/macrophages at 37°C for 24 h in
a 5% CO, humidified atmosphere. The flasks were
washed gently with PBS to remove non-adherent
cells. Adherent cells were detached with PBS con-
taining EDTA.

Peripheral blood mononuclear cells (PBMCs)
were obtained through Ficoll-Paque (PAA
Laboratories Ltd., UK) gradient centrifugation.
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Monocyte-derived DCs were generated from
CD14" cells isolated by using CD14 coated immu-
nomagnetic beads (DynabeadsFlowComp, Dynal,
Norway). To differentiate dendritic cells from
PBMCs we used recombinant human IL-4 (Sigma,
USA) at 500 U/ml, and granulocyte-macrophage
colony-stimulating factor (GM-CSF) (Sigma, USA)
at 50ng/ml. We added them every 2 days before the
cells were harvested on day five. Immature DCs
were routinely characterized by the expression
of HLA-DR, CD80, CD83, CD86, and CD14.1> The
control of cell viability (LIVE/DEAD kit, Molecular
Probes, USA) was included in the analysis.

In vitro stimulation of THP-1 cells and
DCs by H. pylori

THP-1 cells were adjusted to a final concentration
of 106 cells/ml and 900 pl of cell suspension was
added to a 24-well plate (Corning Costar, USA).
100 ul of H. pylori suspension was added to each
well. The experiments were performed in dupli-
cates. In the negative control samples, the bacte-
ria were omitted and we also added polymixin
B (Sigma, USA) to block any LPS effects. In the
negative control samples we also added inhibi-
tor of cathepsin X 2F12, neutralizing cathepsin X
carboxypeptidase activity to see if it has any effect
on the immune response in concentration 0.5 uM.?
THP-1 cells were incubated in the presence of bac-
teria for 48 hours at 37°C. Expression of TLRs was
investigated using the following antibodies: TLR-2
PE and TLR-4 FITC (e-Bioscience, UK). The 1x10°of
THP-1 or DCs were co-cultured for two days with
defrosted H. pylori at a 1:10 (DCs-to-H. pylori) ratio.
We used the patients” H. pylori to stimulate their
isolated DCs cells.

Inhibition of cathepsin X and analysis of
TLR-2 and TLR-4 expression

To block cathepsin X effects, we added inhibitor of
cathepsin X 2F12, as previously described!* to THP-
1 cells and DCs with H. pylori at the concentration
of 0.5 pM. The concentration used proved to be the
most appropriate in the previous experiments.!
The inhibitor 2F12 was added at the beginning of
the experiments and again after 24 hours. Cells
were grown for two days, than harvested and the
expression of different molecules on the cell mem-
brane was investigated. To control the influence of
inhibitor of cathepsin X 212F, the population of un-
stimulated THP-1 cells and DCs with inhibitor of
cathepsin X 2F12 was analysed.
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Cytokines concentrations in the
supernatant of H. pylori primed THP-1
cells and DCs

We collected the supernatant of THP-1 cells and
DCs that were stimulated with H. pylori only or
with H. pylori plus cathepsin X inhibitor 2F12. The
cytokines (tumour necrosis factor (TNF)-a, inter-
leukin (IL)-1b, IL-6, IL-8, IL-10, and IL-12p70) in the
supernatants were measured with the help of BD
CBA Flex Set (Becton Dickinson, USA).

Statistical analysis

Differences between study groups were analysed
for statistical significance using the unpaired
Student’s t test, with P<0.05 taken as significant.
Differences between the concentrations of cy-
tokines of the two study groups were analysed
with Mann-Whitney test, with P<0.05 taken as
significant. Differences between the expression of
TLRs in cathepsin X inhibited and cathepsin X non-
inhibited THP-1 cells or DCs primed with H. pylori
were analysed with Student’s t test and with non-
parametric Wilcox Signed rank test. P<0.05 differ-
ences were taken as significant. All the calculations
were done with the SPSS PASW Statistics 19 pro-
gram (IBM, USA).

Results

In vitro stimulation of THP-1 cells by
H. pylori and expression of TLR-2 and
TLR-4

We first measured the expression of TLR-2 and
TLR-4 on THP-1 cells after stimulating the cells
with H. pylori with or without the addition of cath-
epsin X inhibitor 2F12. We did not find any differ-
ences in the expression of TLRs and cytokine pro-
duction between un-stimulated THP-1 cells and
un-stimulated THP-1 cells with the added inhibitor
of cathepsin X 2F12.

When we compared the expression of TLRs be-
tween two groups of strains, one group being H.
pylori strains sensitive to clarithromycin (HpS), the
other strains resistant to clarithromycin (HpR), we
noticed that resistant strains stimulated more THP-
1 cells (% = standard deviation-SD) to express more
TLR-4 (MFI + SD) than sensitive strains (81.51% =+
3.05 and 3656.03 MFI + 301.05 HpR vs. 77.36% + 4.85
and 3224.82 MFI + 705.83 HpS). The difference was
statistically significant (P<0.05). A similar effect was
observed when we added inhibitor of cathepsin X
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2F12. The TLR-4 MFI was statistically significantly
higher (P<0.05) when THP-1 cells were stimulated
with resistant strains (3519.33 MFI + 428.65 HpR vs.
3172.03 MFI + 535.67 HpS) (Figure 1).

We did not notice a statistically significant dif-
ference when we analysed the expression of TLR-
2 on THP-1 cells stimulated with H. pylori with or
without inhibitor of cathepsin X 2F12 or when we
analysed the possible difference of clarithromycin
sensitive or resistant strains on TLR-2.

Such a difference was not seen if we compared
all strains with or without the inhibitor of cathep-
sin X. The mean MFI for the TLR-4 was almost the
same (3440.42 + 578.47 Hp vs. 3345.67 + 510.13 Hp +
inhibitor 2F12). The same was observed in the case
of TLR-2 (5702.1795 + 949.74 Hp vs. 5383.54 + 741.14
Hp + inhibitor 2F12).

Cytokines concentrations in the
supernatant of H. pylori primed THP-1
cells

We measured the in vitro secretion of IL-1b, IL-12,
IL-6, IL-8, TNF-at, and IL-10 by THP-1 cells primed
with H. pylori with different susceptibility patterns
and with or without inhibitor of cathepsin X 2F12.
In the negative control sample (supernatants of
THP-1 cells without H. pylori stimulation), we de-
tected just very small concentrations of the above
mentioned cytokines. The same occurred when
we measured cytokines in the supernatant, where
the THP-1 cells were primed only with inhibitor of
cathepsin X 2F12.

After stimulation of THP-1 cells with H. pylori
and with H. pylori plus inhibitor of cathepsin X
2F12, we noticed that inhibited action of cathep-
sin X lowers the concentration of cytokines in the
group of 20 strains that are clarithromycin sensi-
tive. Inhibition of cathepsin X influenced the cy-
tokines IL-1b and IL-6 (P<0.01 and P<0.05) but not
the others. Inhibition of cathepsin X influenced
the production of IL-1b when we stimulated THP-
1 cells with the group of 20 strains resistant to
clarithromycin (P<0.05). The concentration of cy-
tokines was lower in the case of the inhibited action
of cathepsin X (Figure 2). The concentrations of all
the other cytokines measured were lower when we
added the inhibitor of cathepsin X 2F12, but did
not reach statistical significance.

When we compared the concentrations of cy-
tokines in the supernatant of THP-1 cells between
20 clarithromycin resistant and 20 sensitive strains
of H. pylori without adding the inhibitor of cathep-
sin X 2F12, we noticed that clarithromycin resist-
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FIGURE 1. Expression of TLR-4 on THP-1 cells after stimulation with H. pylori or with H.
pylori plus inhibitor of cathepsin X. 1-20 strains of H. pylori sensitive to clarithromycin,
21-40 strains of H. pylori resistant to clarithromycin, CTX inhibitor of cathepsin X.

ant strains were weaker stimulators of cytokine
production. The concentrations were statistically
significantly lower for IL-6, IL-1b, IL-8, and IL-10
(P<0.01 in all comparisons). The concentrations of
TNF-a and IL-12 were very low in both groups of
strains, just above the limit of positivity, and were
not included in the statistical analysis.

When we added the inhibitor of cathepsin X
2F12 we noticed the same phenomena between 20
clarithromyecin resistant and 20 sensitive strains of
H. pylori as in the above mentioned in the experi-
ments without the inhibitor of cathepsin X 2F12.
The concentrations of cytokines IL-8 and IL-10
(Figure 2) were again much lower where clarithro-
mycin resistant strains plus inhibitor of cathepsin X
2F12 were used (P<0.01) in comparison to clarithro-
mycin sensitive strains. We noticed that the biggest
differences between the clarithromycin sensitive
and clarithromycin resistant strains occurred in the
cases of IL-1b and IL-10 where calculated F values
were higher than 19.

In vitro stimulation of DCs by H. pylori
and expression of TLR-2 and TLR-4

We continued with the clinical part of the study
where we wanted to know how different strains
from people that had problems with the eradica-
tion of H. pylori influence the immune response of
the DCs isolated from their blood. We first checked
the phenotypic features of H. pylori (Table 1). All
strains were sensitive to amoxicillin and tetracy-
cline (data not shown).

For negative control we also used DCs co-cul-
tivated with RPMI medium alone or we added an
inhibitor of cathepsin X 2F12. We did not find any

Radiol Oncol 2013; 47(3): 258-265.
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FIGURE 2. Concentrations of cytokines (pg/ml) IL-6, IL-1b, IL-8, IL-10 in the supernatant
of THP-1 cells after stimulation with H. pylori strains or with H. pylori strains plus inhibitor
of cathepsin X (CTX). 1-20 strains of H. pylori sensitive to clarithromycin, 21-40 strains
of H. pylori resistant to clarithromycin.
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TABLE 1. Susceptibility of H. pylori strains to antibiotics and
CagA/VacA status

—_— E-test
et coero S Yo

1 S/S/S P P
2 S/S/R P P
3 S/S/S P P
4 S/S/S P P
5 R/R/S P P
6 S/R/S N P
7 R/S/S P P
8 S/R/S P P

*Cla = clarithromycin; Metro = metronidazole; Cipro = ciprofloxacin; S =
sensitive, R = resistant; P = positive; N = negative.

differences in the expression of HLA-DR and cy-
tokine production between un-stimulated DCs and
un-stimulated DCs when we added an inhibitor of
cathepsin X 2F12 (data not shown).

In the negative control sample (DCs without any
stimulation) we detected a statistically significantly
lower expression of TLR-4 and TLR-2 in compari-
son with dendritic cells stimulated with H. pylori
only (Figure 3).

We checked the expression of TLR-2 and TLR-4
(Figure 3) on the membrane of DCs. Statistically,
the expression of TLR-4 and TLR-2 presented as
MFI was significantly higher (P<0.05) in the group
where cathepsin X was inhibited with 2F12 (TLR-4
- H. pylori stimulation 161.91(146.88-232.61) vs. H.
pylori + 2F12 inhibition 219.25 (164.38-388.83); TLR-
2 - H. pylori stimulation 133.54(128.18-189.59) vs. H.
pylori + 2F12 inhibition 151.045 (133.2-324.59)).

Cytokines concentrations in the
supernatant of H. pylori primed DCs

We measured the in vitro secretion of IL-12, IL-§,
and IL-10 by DCs primed with H. pylori and with
inhibitor of cathepsin X 2F12 added to H. pylori. In
the negative control samples (supernatants of DCs
without any stimulation), we did not detect any
of the above mentioned cytokines. After priming
DCs with H. pylori or with H. pylori + inhibitor of
cathepsin X 2F12, we did not detect any statistical
difference between the groups in cytokine concen-
trations but cytokine concentrations were lower
in the dendritic cells group H. pylori + inhibitor of
cathepsin X 2F12 - inhibition. The concentrations of
TNF-a and IL-6, IL-1b detected were very low, just
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above the limit of positivity, and were not included
in the statistical analysis.

Discussion

For the first time, we have shown the involvement
of cathepsin X in the antigen presentation with
TLRs. When we stimulated THP-1 cells with dif-
ferent strains of H. pylori we noticed that the addi-
tion of the inhibitor of cathepsin X 2F12 resulted
in a higher expression of TLR-4 on the membranes
of THP-1 cells. This was especially true if we com-
pared clarithromycin sensitive strains of H. pylori
to resistant strains stimulated THP-1 cells, the re-
sistant strains expressed more TLR-4. Our results
in the clinical part of the study have shown that
the expression of TLR-4 and TLR-2 was signifi-
cantly higher when H. pylori stimulated DCs were
cultivated together with cathepsin X inhibitor 2F12
compared to the dendritic cells stimulated with H.
pylori only and also in comparison with negative
control samples.

Cathepsin X is in some way responsible for the
regulation of an immune response. The patients
with eradication failure, despite having taken the
appropriate empiric antibiotic therapy prescribed
by gastroenterologist, expressed cathepsin X after
stimulation with H. pylori antigens on the mem-
brane of the THP-1 cell line different from the pa-
tients with successful H pylori eradication."* How
does cathepsin X influence the action of TLR-4 and
TLR-2 and consequently the antigen presenting
cells? In vitro studies have demonstrated that upon
stimulation with LPS or peptidoglycan, which oc-
curs with constant exposure to commensal bacteria,
TLR-2 and TLR-4 are redistributed from the apical
surface to intra-cytoplasmic compartments adjacent
to the basolateral membrane.!> TLR-4 is redistribut-
ed to the Golgi apparatus.'® It was shown that dur-
ing maturation, cathepsin X translocates to the plas-
ma membrane of maturing dendritic cells, enabling
Mac-1 activation and consequently cell adhesion.!014

In our opinion, inhibition of cathepsin X ham-
pers the internalization of TLRs, because the
membrane (in the case of cathepsin X inhibition)
becomes more rigid and internalization is delayed
or even not possible. If cathepsin X is blocked it
cannot cleave regulatory motifs at the C-terminus
and this affects the function of the (32 subunit of
integrin receptors of gamma enolase.’

We checked the influence of higher expression
of TLR-4 on the membranes of THP-1 cells on the
production of cytokines IL-1b, IL-8, IL-10, and IL-
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FIGURE 3. The expression of TLR-2 and TLR-4 on DCs (MFl - mean fluorescence
intensity) in box plot. NEG negative confrol — un-stimulated DCs, INH DCs with H.

pylori plus 2F12 - inhibition, STIM DCs with H. pylori - stimulation.

6, three pro-inflammatory cytokines, and one regu-
latory cytokine. The concentrations were lower in
the group of H. pylori strains that were resistant to
clarithromycin. The same phenomena were seen in
the experiments with THP-1 cells where we added
bacteria along with the inhibitor of cathepsin X
2F12. It seems that the inhibition of cathepsin X in-
fluences the concentrations of cytokines, as well on
the TLRs, that are crucial for efficient regulation of
immune response to H. pylori. We discovered that
strains that are resistant to clarithromycin are less
immunogenic than clarithromycin sensitive strains
and that they might be capable of surviving an im-
mune system attack for a prolonged period of time
and as well develop resistance to clarithromycin
that further attributes to eradication failure of H.
pylori. In the experiments in the clinical part of the
study on 8 patient’s DCs stimulated with patient’s
own H. pylori, the difference between concentra-
tions of cytokines between stimulation and inhibi-
tion of cathepsin X was not statistically significant.
If we could increase the number of patients, we
would most probably get a statistically significant
difference in the concentrations of cytokines be-
tween the groups.

Radiol Oncol 2013; 47(3): 258-265.
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H. pylori is capable of suppressing the action of
DCs and the host fails to prevent bacterial coloni-
zation. The failure to eradicate H. pylori during the
acute phase may result in developing resistance to
clarithromycin and further problems with eradica-
tion, chronic gastritis, development of peptic ulcer
disease, or even gastric cancer.”” H. pylori-specific
response consists of both T helper 1 and 2 subsets
with high levels of IL-10-secreting T regulatory
cells. It seems that H. pylori induces a regulatory
T cell response, possibly contributing to its com-
mensal coexistence with the human host, and that
chronic gastritis and peptic ulcer disease occur
when this regulatory response is inadequate.’® A
similar effect was also seen in our study on THP-1
cells stimulated with H. pylori. Inhibited action of
cathepsin X led to profoundly lower levels of IL-10
in the supernatant of THP-1 cells. In mice experi-
ments H. pylori triggered an increase in the number
of subepithelial lamina propria CD11c positive den-
dritic cells. Depletion of regulatory T cell numbers
augmented H. pylori-specific effector helper T cell
responses, which correlated with a lower degree
of H. pylori colonization. Data imply that H. pylori
targets the TLR-2 pathway to induce a regulatory
T cell-skewed response.’ The inhibition of cathep-
sin X activity during dendritic cell differentiation
and maturation reduced the capacity of dendritic
cells to stimulate T lymphocytes.? These observa-
tions are evidence that dendritic cells are involved
in active editing of the immune response towards
H. pylori. Cathepsin X may also be important in this
process because some strains of H. pylori are able to
lower the proportion of THP-1 cathepsin X positive
cells. Such strains have the capability to persist in
the stomach for a long time because they do not in-
duce a strong immune response.** It was presented
that the impaired cellular transmigration/invasion
of cells lacking cathepsin X is most likely a conse-
quence of changes in signal transduction mecha-
nisms leading to cell cycle delay and phenotypic
changes associated with cellular senescence. It
seems that high levels of cathepsin X, as observed
in certain tumours, may interfere with senescence
pathways and/or promote pathways engaged in
proliferation, thus stimulating tumor cell growth.
21 Recent work has suggested that defective signal-
ling via TLR-4 may also result in an exaggerated
immune response after the initial failure of innate
immunity to control infection.?? Once inside the
host cell, CagA of H. pylori can disrupt signalling
pathways by phosphorylation-dependent and
-independent mechanisms, leading to abnormal
proliferation, motility, and cytoskeletal change in

Radiol Oncol 2013; 47(3): 258-265.

gastric epithelial cells.? It was suggested that the
eradication of CagA negative strains is harder than
the eradication of CagA positive strains, because
such strains are able to withstand eradication by
not having important virulence factors such as
CagA.2

We analysed the CagA/VacA status of the H. py-
lori strains in the clinical part of the study where
DCs were stimulated with H. pylori strains. In our
group of strains, CagA status is not as important
for eradication success as in patients from Asia,
where CagA status is relevant for the persistence
of infection with H. pylori.

The immune response to H. pylori is also im-
portant for the development of gastric cancer.
Recognition of pathogenic elements by TLRs and
NLRs results in activation of kinases pathways and
induces the synthesis and secretion of inflamma-
tory cytokines. In the case of H. pylori infection,
the resulting inflammation can lead to severe gas-
tric immunopathology and cancer.? In one study,
cathepsin X was also linked to colorectal cancer.
The researchers still think that total serum levels of
cathepsin X could be a useful prognostic indicator
for determining survival of patients with colorectal
cancer.?* When the effect of inhibition of cathepsin
X (also known as cathepsin Z) in mice was studied,
the combined loss of cathepsin X and cathepsin B
led to additive effects, resulting in significant and
prominent delay of early and advanced tumour de-
velopment.?”

In conclusion the results of our study suggest
that resistance to clarithromycin can be a prob-
lem for the eradication from the immune response
point of view since such strains seem to be less im-
munogenic. We assume that the inhibition of cath-
epsin X to control the immune response to H. pylori
in the cases where we have problems with eradica-
tion of H. pylori would not be beneficial. The im-
mune response to infection would be delayed and
this could lead to persistence of infection and pos-
sible development of resistance to antibiotics, atro-
phy, metaplasia and gastric cancer. On the other
hand, when gastric cancer is already developed,
inhibition of cathepsin X could be helpful since we
could influence the process of cell senescence and
also influence tumour cell growth.
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