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ABSTRACT

Helicobacter pylori (Hp) has been implicated in development of gastric and
extra-gastric diseases such as autoimmune thyroiditis (AT). It causes persistent life-
long infection despite local and systemic immune response.
In present study, we have determined specific cellular immune response to Hp
antigens in two groups of Hp infected patients using modified lymphocyte
transformation test, LTT-MELISA, before and after eradication therapy in comparison
with healthy controls, group C (n=15). Group A (n=21) created patients with
autoimmune thyroiditis and group B (n=13) patients without AT.
In comparison with healthy Hp negative controls, immune reactivity to majority of Hp
antigens was significantly lower in group B before eradication therapy. In group B,
significant increase of immune reactivity was observed in certain Hp antigens after
successful eradication. The same observations in immune reactivity were shown in
group A but without significance.
Our results indicate that Hp might cause inhibition of the specific cellular immune
response in Hp infected patients with or without autoimmune diseases such as AT,
which can be abrogated by successful eradication of Hp. LTT appears to be a good

tool for detection of immune memory cellular response in patients with Hp infection.



Abbreviations

Hp Helicobacter pylori

aHp autologous Helicobacter pylori strain

hHp heterologous Helicobacter pylori strain

CagA cytotoxin associated gene A product (antigen)
VacA vacuolating toxin A

HpAg Helicobacter pylori antigen

AT autoimmune thyroiditis

TPO thyroid peroxidase

Tg thyreoglobulin

PWM pokeweed mitogen

LTT lymphocyte transformation test

MELISA memory lymphocyte immunostimulation assay
cpm counts per minute

Sl stimulation index

TLR Toll-like receptor

Helicobacter pylori (Hp) infection affects half of the world population and plays
a causative role in the development of serious gastric diseases. Hp is a gram-
negative, micro-aerophilic, spiral bacterium colonizing gastric mucosa. The infection
is acquired usually in childhood and may persist a lifetime, unless treated. Although
the majority of infections causing chronic gastritis are asymptomatic, the presence of
Hp is associated with increased risk for the development of gastro-duodenal
ulceration, gastric adenocarcinoma and MALT lymphoma (Sanders and Peura 2002;
Suerbaum and Michetti 2002; Makola et al. 2007; Kandulski et al. 2008a).

Hp induces local and systemic immune response involving both innate and
adaptive immunity. Despite of a cellular and humoral immune response, the host
organism is often not able to eliminate the Hp infection. The inability of the host to
clear the infection and pronounced inflammatory response leads to persistent
infection and tissue damage. During the Hp infection, the Ilymphocytes are
predominantly differentiated to Thl subtypes that are associated with cytotoxic
reaction responsible for damage of gastric mucosa rather than elimination of the
infection (Portal-Celhay and Perez-Perez 2006; Suarez et al. 2006; Velin and Michetti
2006; Robinson et al. 2007). The inability to eliminate the infection may be due to

bacterial virulence determinants and immune-evasive strategies as well as an



inappropriate host immune response. Hp LPS, compared with other gram-negative
bacteria, has been described as a poor TLR activator of the innate immune response
and Hp flagellin as well (Muotiala et al. 1992; Bliss et al. 1998; Gewirtz et al. 2004).
The pathogen-recognition molecule Nodl-mediated interaction appears to be more
important for induction of the inflammatory response than those mediated by TLR-4
and TLR-5, especially in cagA positive Hp strains (Viala et al. 2004; O’Keeffe and
Moran 2008). Part of Hp strains posseses cytotoxin-associated gene pathogenicity
island (cag-PAl) encoding a type IV bacterial secretion system through which a CagA
protein, the most important Hp virulence factor, is translocated into gastric epithelial
cells to induce pro-inflammatory cytokine IL-8 (Crabtree et al. 1994; Blaser and
Atherton 2004). Hp cagA positive strains are associated with severe gastric
inflammation and higher risk of adenocarcinoma (Blaser et al. 1992; Kuipers et al.

1995; Parsonnet et al. 1997). Hp can evade also adaptive immune response.

Carcinogenesis, immunosuppression

Long lasting inflammatory response may cause an accumulation of genetic
defects in epithelial cells, altered cell growth regulation resulting in carcinogenesis.
Hp has been classified as carcinogen | class by the World Health Organization
(Logan et al. 1994). About 1% Hp infected individuals develop gastric
adenocarcinoma and in a few percent, infection leads to MALT lymphoma. It was
also described that Hp could act in pathogenesis of oropharyngeal carcinogenesis
(Akbayir et al. 2003; Nurgalieva et al. 2005; Kizilay et al. 2006; Pavlik et al. 2007).
However, the exact mechanism of carcinogenesis has not yet been fully understood.
The immunosuppression can be mediated by Hp VacA or induction of T regulatory
cells (Gebert et al. 2004; Lundgren et al. 2003). Hp CagA has been suggested as a
direct mutagen (Hatakeyama et al. 2009).

Autoimmunity

The chronic inflammation can lead to autoimmune immunopathological
reactivity. The most important mechanism by which Hp induces gastric autoimmunity
is molecular mimicry, cross-reaction between antigens expressed both on Hp and on
gastric parietal cells in proton pump, H+, K+ -ATPase (D'Elios et al. 2004; Bergman
et al. 2005).


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blaser%20MJ%22%5BAuthor%5D

Besides gastric disorders, the Hp etiology is discussed in connection with the
development of different extra-gastric diseases such as vascular, skin and
autoimmune diseases such as autoimmune thyroiditis (Martin de Argila et al. 1995;
Realdi et al. 1999; Tsang and Lam 1999; De Koster et al. 2000; Nilsson et al. 2005;
Solnic et al. 2006).

In several studies, increased prevalence of Hp infection in patients with AT has
been observed and confirmed not only by higher anti-Hp 1gG levels but also positive
urea breath tests (De Luis et al. 1998). Further, a strong positive correlation between
the titers of anti-TPO antibodies and anti-Hp IgG levels was demonstrated (Bertalot
et al. 2004). It was shown that monoclonal antibodies against the specific Hp antigen
CagA react with thyroid follicular cells and that cagA-positive Hp carries a gene for
endogenous peroxidase (Figura et al. 1999). The cross-reaction between antigens of
the Lewis blood groups, Lewis X and Y, which are expressed on Hp LPS as well as
on gastric epithelium on membrane H+, K+ ATP-ase pump and the thyroid gland,
was observed (Bertalot et al. 2004). Thus, it is possible that the mechanism of
molecular mimicry, a structural or sequential similarity, between the Hp and the host,

may be one of the pathogenetic mechanisms in AT (Tomer et al. 1993).

LTT

Lymphocyte transformation test (LTT) has been used as a diagnostic method in
different allergic and autoimmune diseases (Stejskal et al. 1996; Pichler et al. 2004,
Prochazkova et al. 2004; Sterzl et al. 2006). However, only a few studies have
recommended this test as standardized technique for the diagnosis of infectious
diseases (Valentine-Thon et al. 2007; Prasad et al. 2008; Nyati et al. 2010). Modified
lymphocyte transformation test, LTT-MELISA had been developed and validated as a
reproducible, sensitive, specific, and reliable method for detecting metal sensitivity
(Stejskal et al. 1994; Valentine-Thon and Schiwara 2003). In this validated format, it
was also evaluated for improvement of Lyme borreliosis diagnosis in clinically and
serologically ambiguous cases (Valentine-Thon et al. 2007). In modified form, LTT-
MELISA could be suitable to follow the memory lymphocyte response of the immune

system to infectious agents such as Helicobacter pylori.

MATERIALS AND METHODS



Participants in the study were selected from the patients of the Department of Clinical
Immunology and Allergology, First Faculty of Medicine, Charles University and
General University Hospital in Prague and the Institute of Endocrinology in Prague. A
group of healthy volunteers represented mainly students of the First Faculty of
Medicine, Charles University. All participants have been asked to confirm the inform
consent.

Based on detection of organ specific anti-thyroid antibodies, the clinical state and Hp
positivity, probands were divided into three groups:

Group A: 21 with Hp infection and AT

Group B: 13 with Hp infection without AT

Group C: 15 healthy individuals without AT and Hp infection

Diagnosis of AT was based on clinical, ultrasound findings and positivity of
antibodies against thyroid peroxidase (TPO) and/or thyreoglobulin (Tg). For detection
of Hp infection the patients were tested for presence of anti-Hp antibodies (IgM, IgG
and IgA) followed by urea breath test or examination of Hp antigen in stool. Hp
positive patients underwent gastroscopy with biopsies for culture and genotyping of
Hp and endoscopic evaluation of gastric inflammation as well. In all patients with
verified Hp infection, we have measured specific cellular immune responses to
different Hp antigens in comparison with healthy controls. The laboratory testing was
performed prior Hp eradication and approximately 3 and 6 months after eradication
therapy. Urea breath test was used as therapy efficiency control.

The mean age of patients in group A was 47.7 years, in group B 42 years and 24.5
years in group C. Group A consisted of 18 women and 3 men, group B of 9 women
and 4 men, group C of 12 women and 3 men.

Autoantibodies against TPO and Tg were detected in sera by ELISA (kit AescuLab).
The stool assay was performed using the test ImmunoCard STAT HpSA (Meridian
Diagnostics, Inc, USA). Quantitative determination of anti-Hp antibodies IgG, IgA and
IgM in sera was carried out by commercial kit (EIA — H.pylori, Test-Line, Czech
Republic) and IgG antibodies against Hp CagA protein were detected with
commercial kit (H.pylori 120 CagA, ELISA Test-Line, Czech Republic). Hp DNA
isolation and genotyping of Hp strains was made using by rt-PCR TagMan, methods



described by Pavlik et al. (2007). Specific cellular immune response was detected by
LTT-MELISA as described below.

LTT-MELISA for Helicobacter pylori

Modified lymphocyte transformation test, LTT-MELISA is based on evaluation of
memory cells proliferation after incubation with antigens. In our test, different Hp
antigens were used to stimulate lymphocytes isolated from patient’s peripheral blood.
30 minutes heat inactivated whole Helicobacter pylori, isolated from gastric biopsies
of the patient (autologous bacterial Hp strain, aHp) and from other patients
(heterologous Hp strain, hHp, mixture of cagA+ and cagA- Hp strains defined by
genotyping) were used in 3 concentrations 1x10° 10° 10’ bacteria/ml (Hp5, Hp6,
Hp7). Further, commercial recombinant antigens, CagA, urease—small subunit (IBT,
Germany) in concentration 10 ug/ml, recombinant Hp protein (GeneTica, Czech
Republic) 5 ug/ml and partially purified Hp antigen, HpAg (Aalto Bio Reagents,
Ireland) 10 ug/ml were applied.

From the blood samples taken to vacuette tubes with natrium citrate (Dialab),
peripheral blood mononuclear cells (PBMCs) were isolated on Ficoll-Histopaque
(Sigma-Aldrich). After washing, monocyte reduction was made by plastic adherence
and dilution of PBMCs to concentration of 1 x 10° cells/ml in medium containing
RPMI-1640 with HEPES (Sigma-Aldrich), gentamicin, L-glutamine (Sigma-Aldrich)
and 20% pooled, heat-inactivated human AB serum (Biomedica). Lymphocytes were
incubated for 5 days at 37°C with 5% CO, in 48-well cell culture plate pre-coated with
different Hp antigens in duplicate or triplicate together with 2 positive controls
(lymphocytes in medium and 2 ug/ml pokeweed mitogen, PWM (Sigma-Aldrich)) and
3 negative controls (lymphocytes in medium without antigen, spontaneous
proliferation). After 5 days, the cells were pulsed for 4 hours with methyl-*H-thymidine
(Lacomed), harvested and the radioactivity was measured in a scintillation counter,
expressed as Stimulation Index (Sl), defined as a ratio of the cpm (counts per
minute) in stimulated culture and the average of non-stimulated cpm values, and also
as Acpm (cpm correlated to non-stimulated control). The lymphoblast transformation
after 5 days was confirmed morphologically in stained cytospin preparations (Diff-
Quik, Switzerland) — Figure 1.

Statistical evaluation was carried out by Mann-Whitney test and Wilcoxon test.



RESULTS

LTT-MELISA: proliferative response before eradication

In group A of 21 Hp infected patients with AT and group B of 13 Hp infected patients
without AT, immune reactivity before eradication was detected.

In comparison with healthy Hp negative controls (group C), immune reactivity to
majority of Hp antigens (hHp7, hHp5, aHp7, aHpP5, HpAg expressed as Sl and hHp7,
hHp6, aHp7, aHpP6, aHpP5, CagA expressed as Acpm) was significantly lower in group
B before eradication therapy (p<0,05). In group A, lymphocyte proliferative response
was low but not significantly in comparison with Hp negative controls (p>0.05). There
was no significant difference in proliferative response to non-specific mitogen, PWM
in group A and B in comparison with healthy controls. The results are shown in Table

1.

Table 1: Immune reactivity (LTT-MELISA)
to various Hp antigens before eradication
- comparison between groups

groupy A B c
antigen

PWM 69.0 178.0 216.0

hHp7 12.0 7.0 27.0*

hHp6 14.0 4.0 11.0

hHp5 35 2.0* 3.0*

aHp7 17.5 14.0* 26.0*

SI aHp6 12.0 7.0 11.0
aHp5 4.0 2.0* 7.0*

CagA 1.0 0.0 15

urease 3.0 1.0 4.0

Hp protein 3.0 0.0 1.0

HpAg 14.5 7.0 30.0
PWM 25815.0 | 13224.0 | 21666.0 |

hHp7 2217.0] 898.0* | 5681.0*

hHp6 2872.0] 445.0* | 5168.0*

hHp5 203.0 165.0 265.0

aHp7 35745 436.0* | 4186.0*

Acpm aHp6 654.5] 937.0%| 4796.0*
aHp5 122.0 85.5] 1367.0*

CagA 38.0 -2.0] 170.0*

urease 379.0 155 271.0

Hp protein 151.0 -9.5 24.0

HpAg 2991.5] 3007.0 | 16715.0

The values of Sl and Acpm are in medians.

* significant difference (p<0.05)



Comparison of stimulation by autologous and heterologous Hp strain

In two concentrations of autologous Hp strain (aHp7, aHp6 expressed as Sl),
proliferative response was higher than in heterologous Hp strain (hHp7, hHp6) in
group B (p<0.05). In group A, there was higher immune reactivity to autologous than

heterologous Hp strain but not significant (p>0.05).

Proliferative response before eradication in dependence on CagA status

In group of Hp infected, CagA positive patients without AT, statistically significantly
higher proliferative response was measured to certain Hp antigens (hHp7, aHp?7,
aHp6 and CagA expressed as Sl) in comparison with CagA negative patients
(p<0.05). In group of Hp infected patients with AT, significant difference wasn’t

observed in proliferative response in CagA positive and CagA negative patients.

LTT-MELISA: proliferative response after eradication

In group B, significant increase of immune reactivity was observed in 4 Hp antigens
(hHp7, aHp7 and HpAg expressed as Sl and aHp7, CagA expressed as Acpm) after
successful eradication (p<0.05). The lymphocyte proliferative response in group A
increased but no significantly after eradication (p>0.05). There was no significant
difference in proliferative response to non-specific mitogen (PWM) in group A and B
in comparison before and after successful eradication. The results are demonstrated
in Table 2 (relations only after successful eradication).

In the patients with unsuccessful Hp eradication, immune reactivity significantly

increased in 1 antigen expressed in S| (hHp6) in group A.



Table 2: Immune reactivity (LTT-MELISA) to various Hp antigensin group Aand B
- comparison before and after eradication

.. cca 3 months cca 6 months
e after eradication
] group A B A B A B
anti gen
WM 69.0 178.0 147.5 185.0 299.0 237.0
hHp7 12.0 7.0¢ 115 24.0% 32.0 12.0°
hHp6 14.0 4.0 8.5 7.0 28.0 9.0
hHp5 3.5 2.0 3.0 1.0 3.0 2.0
aHp7 17.5 14.0* 20.5 220 29.0 33.0°
S aHp6 12.0 7.0 18.0 16.0 54.0 17.5
aHp5 4.0 2.0 7.0 25 12.0 75
CagA 1.0 0.0 1.0 0.0 2.0 1.0
urease 3.0 1.0 4.0 0.0 4.0 1.0
Hp protein 3.0 0.0 1.0 0.5 25 05
HpAg 14.5 7.0¢ 19.0 R0 39.0 26.0°
PWM 258150 | 13224.0 | 3437701 29011451 2152L0 5788.0
FFp7 2217.0 8080| 24310 332/5| 32870 832.0
FHp6 2872.0 2250| 3788.0 10705 23270 27.0
hHp5 203.0 165.0 7835 55.0 923.0 332.0
aHp7 3574.5 436.0°| 64740| 44600 56540] 931200
Acpm aHp6 654.5 937.0] 8553.0 1559.0 1721.0 3554.0
aHp5 122.0 8551 2323.0 1076.5 1569.0 1766.0
CagA 38.0 2.0° 174.0 165 147.0 20.0°
urease 379.0 155 249.0 18.0 013.0 164.5
Hp protein 151.0 905 278.0 255 201.5 155
HpAg 20015 3007.0| 7477.0| 32420 63725 1399.0

The values of Sl and Acpm are in medians.
* significant difference (p<0.05)

Case reports of one patient with Hp positive antral gastritis and AT and one patient
with Hp positive antral gastritis without AT are shown in Figure 2a, 2b. After
successful eradication, confirmed by clinical improvement and negative urea breath
test, the increase of cellular reactivity to Hp antigens was detected in these patients.

There was no substantial difference in reactivity of representatives in both groups.

cagA/vacA status of the Hp infection

Anti-CagA antibodies and Hp genotyping wasn't performed in all patients because of
technical problems.

Serological results: Anti-CagA 1gG antibodies were found in 58,3% (7 out of 12) in
group A, 40% (4 out of 10) in group B and 0% (O out of 15) in group C.

Hp genotyping: The similar distribution of cagA and vacA positivity was found in
group A and B: cagA+ in group A (36,4%, 4 out of 11), group B (38,9%, 7 out of 18),
vacA+ in group A (62,5%, 5 out of 8), group B (66,7%, 12 out of 18).



The presence of anti-CagA antibodies significantly correlated with cagA+ Hp

genotype.

DISCUSSION

In present study, we have determined specific cellular immune response to Hp
antigens in Hp infected patients with and without autoimmune thyroiditis (AT) using
modified lymphocyte transformation test, LTT-MELISA, before and after eradication
therapy. Before eradication, in majority Hp infected patients, lymphocyte responses
to Hp antigens were often lower than that of healthy controls. These findings are
consistent with previous studies. Several studies have shown inhibitory effects of
another important Hp virulence factor, vacuolating toxin VacA on the T cell's
proliferation (Molinari et al. 1998; Boncristiano et al. 2003; Gebert et al. 2003, 2004;
Sundrud et al. 2004). Hp can induce Hp-specific regulatory T cells that actively
suppress T-cell response. The elimination of regulatory T cells led to restoration of
the proliferative response to Hp (Lundgren et al. 2003, 2005; Kandulski et al. 2008b).
Das et al. (2006) presented that expression of the co-stimulatory molecule B7-H1 by
gastric epithelial cells is higher in Hp infected, and this molecule can interact with
mucosal T-cells resulting in suppression of T-cell activity. Another studies on Hp
immunity indicated that infection might induce T cell hyporesponsiveness. Both,
peripheral blood lymphocytes and gastric lymphocytes from Hp positive patients were
shown to respond to in vitro stimulation by Hp antigens with low cytokine secretion
and proliferation relative to Hp negative controls (Karttunen et al. 1991; Birkholz et al.
1993; Knipp et al. 1993; Fan et al. 1994; Malfitano et al. 2006; Windle et al. 2005).
Chmiela et al. (1996a, 1996b) demonstrated that activation or immunosuppression
can depend on the concentration of Hp and its products. In other study, inhibition of
lymphocyte proliferative response to Hp by plastic adherent cells was described
(Uyub et al. 2001).

We observed higher stimulation after autologous than heterologous Hp in
proliferation response of PBMC. It is in contrast with other study, where proliferative
response of PBMC was significantly lower after autologous than after heterologous
stimulation. However, there was no significant difference when T cell activation

markers were observed (Jakob et al. 2001).



After successful eradication of the Hp infection, increased cellular reactivity to
specific Hp antigens was observed but not after non specific stimulation by PWM. In
certain Hp antigens (autologous and heterologous Hp strain, CagA and partially
purified HpAgQ), increase was statistically significant. Kopitar et al. (2007) described a
significantly increased response in expression of IFN-gamma and IL-4 molecules by
DCs stimulated T cells in subjects that successfully eradicated Hp compared with
those who failed to eradicate the infection. On the basis of our findings, we can
suppose that successful Helicobacter pylori eradication restores anti-Hp immune
response.

LTT used in different modifications, belongs to in vitro diagnostic methods in
immunology for evaluation of specific cellular immunity in patients with allergy,
immunodeficiences, autoimmune, infectious and tumor diseases (Halpern et al. 1967;
Hybenova and Sterzl 2007). Modified LTT-MELISA has previously been used for the
diagnostics of infection in clinically and serologically ambiguous cases of borreliosis
(Valentine-Thon et al. 2007). This is the reason why we use this newly modified LTT
as a possible test for diagnostics and therapy control of Hp eradication. In base of our
findings (high variability of values, impossibility to determine borders of positive and
negative Sl values) we think that this test is not suitable for detection of Hp infection,
but more data are necessary.

For better characterization of immune response to Hp, we have also
determined cagA/vacA status of Hp infection in patients based on serological
examination and genotyping of Hp strains isolated from patients. CagA protein has
been described as a antigen with high pro-inflammatory potential (Crabtree et al.
1994; Blaser and Atherton 2004). In cagA positive Hp infected patients, we detected
higher immune reactivity in comparison with cagA negative patients. CagA protein is
main virulence factor of Hp so probably strong immune response maybe induced in
order to eliminate the invader harming significantly the host.

Although, some studies demonstrated relevance of Hp infection in AT (De Luis
et al. 1998; Bertalot et al. 2004) we didn’t observed differences between immune
cellular reactivity in Hp infected patients with or without AT. In agreement with other
study (Figura et al. 1999), we find higher prevalence of anti-CagA antibodies in
patients with AT.

In conclusion, these data indicate that Helicobacter pylori might cause
inhibition of the specific cellular immune response in Hp infected patients with or


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blaser%20MJ%22%5BAuthor%5D

without autoimmune diseases such as AT. This immunosupression can be reversed
by successful eradication of Hp. LTT appears to be a good tool for detection of
immune memory cellular response rather than a diagnostic tool of Hp infection. Our
results give a strong support to eradication therapy of Hp in general where

eradication could lead to restitution of cell immune response.

This work has been supported by grant No. NR 9414-3 of the Internal Grant Agency of Ministry of
Health, Czech Republic, which is gratefully acknowledged.

REFERENCES

Akbayir N., Basak T., Seven H., Sungun A., Erdem L.: Investigation of Helicobacter
pylori colonization in laryngeal neoplasia. Eur. Arch. Otorhinolaryngol. 262, 170-172.
(2005).

Bergman M.P., Vandenbroucke-Grauls C.M., Appelmelk B.J., D'Elios M.M., Amedei
A., Azzurri A., Benagiano M., Del Prete G.: The story so far: Helicobacter pylori and

gastric autoimmunity. Int. Rev. Immunol. 24, 63-91. (2005).

Bertalot G., Montresor G., Tampieri M., Spasiano A., Pedroni M., Milanesi B. et al.:
Decrease in thyroid autoantibodies after eradication of Helicobacter pylori infection.
Clin Endocrinol (Oxf). 61, 650-652 (2004).

Birkholz S., Knipp U., Opferkuch W.: Stimulatory effects of Helicobacter pylori on
human peripheral blood mononuclear cells of H. pylori infected patients and healthy
blood donors. Zentralbl Bakteriol. 280, 166-76 (1993).

Blaser M.J., Perez-Perez G.l., Kleanthous H., Cover T.L., Peek R.M., Chyou P.H.,
Stemmermann G.N., Nomura A.: Infection with Helicobacter pylori strains possessing
cagA is associated with an increased risk of developing adenocarcinoma of the
stomach. Cancer Res. 55, 2111-2115 (1995).

Blaser M.J., Atherton J.C.: Helicobacter pylori persistence: biology and disease. J
Clin Invest. 113, 321-333 (2004).



Bliss C.M. Jr., Golenbock D.T., Keates S., Linevsky J.K., Kelly C.P.: Helicobacter
pylori lipopolysaccharide binds to CD14 and stimulates release of interleukin-8,
epithelial neutrophil-activating peptide 78, and monocyte chemotactic protein 1 by
human monocytes. Infect Immun. 66, 5357-5363 (1998).

Boncristiano M., Paccani S.R., Barone S., Ulivieri C., Patrussi L., llver D., Amedei A.,
D’Elios M.M., Telford J.L., Baldari C.T.. The Helicobacter pylori vacuolating toxin
inhibits T cell activation by two independent mechanisms. J Exp Med. 198, 1887—
1897 (2003).

Crabtree J.E., Farmery S.M., Lindley [.J., Figura N., Peichl P., Tompkins D.S.:
CagA/cytotoxic strains of Helicobacter pylori and interleukin-8 in gastric epithelial cell
lines. J Clin Pathol. 47, 945-950 (1994).

Das S., Suarez G., Beswick E.J., Sierra J.C., Graham D.Y., Reyes V.E.: Expression
of B7-H1 on gastric epithelial cells: its potential role in regulating T cells during
Helicobacter pylori infection. J Immunol. 176, 3000-3009 (2006).

De Luis D.A., Varela C., de La Calle H., Canton R., de Argila C.M., San Roman A.L.
et al.: Helicobacter pylori is markedly increased in patients with autoimmune atrophic
thyroiditis. J Clin Gastroenterol. 26, 259-263 (1998).

De Koster E., De Bruyne I., Langlet P., Deltenre M.: Evidence based medicine and
extradigestive manifestation of Helicobacter pylori. Acta Gastroenterol Belg. 63, 388-
392 (2000).

D'Elios M.M., Bergman M.P., Amedei A., Appelmelk B.J, Del Prete G.: Helicobacter
pylori and gastric autoimmunity. Microbes Infect. 6, 1395-401 (2004).

Fan X.J., Chua A., Shahi C.N., McDevitt J., Keeling P.W., Kelleher D.: Gastric T
lymphocyte responses to Helicobacter pylori in patients with H. pylori colonisation.
Gut. 35, 1379-1384 (1994).



Figura N., Di Cairano G., Loré F., Guarino E., Gragnoli A., Cataldo D. et al.: The
infection by Helicobacter pylori strains expressing CagA is highly prevalent in women
with autoimmune thyroid disorders. J Physiol Pharmacol. 50, 817-826 (1999).

Gebert B., Fischer W., Weiss E., Hoffmann R., Haas R.: Helicobacter pylori
vacuolating cytotoxin inhibits T lymphocyte activation. Science. 301, 1099-1102
(2003).

Gebert B., Fischer W., Haas R.: The Helicobacter pylori vacuolating cytotoxin: from
cellular vacuolation to immunosuppressive activities. Rev Physiol Biochem
Pharmacol. 152, 205-220 (2004).

Gewirtz A.T., Yu Y. Krishna U.S., Israel D.A., Lyons S.L., Peek R.M. Jr.
Helicobacter pylori flagellin evades toll-like receptor 5-mediated innate immunity. J
Infect Dis. 189, 1914-1920 (2004).

Halpern B., Ky N.T., Amache N., Lagrue G., Hazard J.: Diagnosis of drug allergy "in
vitro" by use of the lymphoblastic transformation test (LTT). Presse Med. 75, 461-465
(1967).

Hatakeyama M.: Helicobacter pylori and gastric carcinogenesis. J Gastroenterol. 44,
239-248 (2009).

Hybenova M., Sterzl I.: Lymphocyte transformation test, its use and modification.
Alergie 1, 45-49 (2007).

Chmiela M., Lelwala-Guruge J.A., Wadstrém T., Rudnicka W.: The stimulation and
inhibition of T cell proliferation by Helicobacter pylori components. J Physiol
Pharmacol. 47, 195-202 (1996a).

Chmiela M., Paziak-Domanska B., Ljungh A., Wadstrétm T., Rudnicka W.: The
proliferation of human T lymphocytes stimulated by Helicobacter pylori antigens.
Immunobiology. 195, 199-208 (1996b).



Jakob B., Birkholz S., Schneider T., Duchmann R., Zeitz M., Stallmach A.: Immune
response to autologous and heterologous Helicobacter pylori antigens in humans.
Microsc Res Tech. 53, 419-424 (2001).

Kandulski A., Selgrad M., Malfertheiner P.: Helicobacter pylori infection: a clinical
overview. Dig Liver Dis. 40, 619-626 (2008a).

Kandulski A., Wex T., Kuester D., Peitz U., Gebert I., Roessner A., Malfertheiner P.:
Naturally occurring regulatory T cells (CD4+, CD25high, FOXP3+) in the antrum and
cardia are associated with higher H. pylori colonization and increased gene
expression of TGF-betal. Helicobacter. 13, 295-303 (2008b).

Karttunen R.: Blood lymphocyte proliferation, cytokine secretion and appearance of T
cells with activation surface markers in cultures with Helicobacter pylori. Comparison
of the responses of subjects with and without antibodies to H. pylori. Clin Exp
Immunol. 83, 396-400 (1991).

Kizilay A., Saydam L., Aydin A., Kalcioglu M.T., Ozturan O., Aydin N.E.:
Histopathologic examination for Helicobacter pylori as a possible etiopathogenic

factor in laryngeal carcinoma. Chemotherapy. 52, 80-82 (2006).

Knipp U., Birkholz S., Kaup W., Opferkuch W.: Immune suppressive effects of
Helicobacter pylori on human peripheral blood mononuclear cells. Med Microbiol
Immunol. 182, 63-76 (1993).

Kopitar A.N., Stegel V., Tepes B., Gubina M., Novakovi¢ S., Ihan A.: Specific T cell
responses to Helicobacter pylori predict successful eradication therapy. J Infect. 54,
257-261 (2007).

Kuipers E.J., Pérez-Pérez G.l., Meuwissen S.G., Blaser M.J.: Helicobacter pylori and
atrophic gastritis: importance of the cagA status. J Natl Cancer Inst. 87, 1777-1780

(1995).

Logan R.P.: Helicobacter pylori and gastric cancer. Lancet. 344, 1078-9 (1994).



Lundgren A., Suri-Payer E., Enarsson K., Svennerholm A.M., Lundin B.S.:
Helicobacter pylori-specific CD4+ CD25high regulatory T cells suppress memory T-
cell responses to H. pylori in infected individuals. Infect Immun. 71, 1755-1762
(2003).

Lundgren A., Strémberg E., Sjoling A., Lindholm C., Enarsson K., Edebo A.,
Johnsson E., Suri-Payer E., Larsson P., Rudin A., Svennerholm A.M., Lundin B.S.:
Mucosal FOXP3-expressing CD4+ CD25high regulatory T cells in Helicobacter
pylori-infected patients. Infect Immun. 73, 523-531 (2005).

Makola D., Peura D.A., Crowe S.E.. Helicobacter pylori infection and related
gastrointestinal diseases. J Clin Gastroenterol. 41, 548-558 (2007).

Malfitano A.M., Cahill R., Mitchell P., Frankel G., Dougan G., Bifulco M., Lombardi G.,
Lechler R.I., Bamford K.B.: Helicobacter pylori has stimulatory effects on naive T
cells. Helicobacter. 11, 21-30 (2006).

Martin de Argila C., Boixeda D., Canton R., Gisbert J.P., Fuertes A.: High
seroprevalence of Helicobacter pylori in coronary heart disease. Lancet 346, 310
(1995).

Miehlke S., Kirsch C., Agha-Amiri K., Gunther T., Lehn N., Malfertheiner P., Stolte M.,
Ehninger G., Bayerdorffer E.. The Helicobacter pylori vacA s1, ml genotype and
cagA is associated with gastric carcinoma in Germany. Int J Cancer. 87, 322-327
(2000).

Molinari M., Salio M., Galli C., Norais N., Rappuoli R., Lanzavecchia A., Montecucco
C.: Selective inhibition of li-dependent antigen presentation by Helicobacter pylori
toxin VacA. J Exp Med. 187, 135-140 (1998).

Muotiala A., Helander I.M., Pyhala L., Kosunen T.U., Moran A.P.: Low biological
activity of Helicobacter pylori lipopolysaccharide. Infect Immun. 60, 1714-1716
(1992).



Nilsson H.O., Pietroiusti A., Gabrielli M., Zocco M.A., Gasbarrini G., Gasbarrini A.:
Helicobacter pylori and extragastric diseases — other Helicobacters. Helicobacter. 10,
54-65 (2005).

Nurgalieva Z.Z., Graham D.Y., Dahlstrom K.R., Wei Q., Sturgis E.M.: A pilot study of
Helicobacter pylori infection and risk of laryngopharyngeal cancer. Head Neck. 27,
22-27 (2005).

Nyati K.K., Prasad K.N., Rizwan A., Verma A., Paliwal V.K., Pradhan S.: Lymphocyte
transformation test detects a response to Campylobacter jejuni antigens in patients
with Guillain-Barré syndrome. Med Microbiol Immunol. 199, 109-116 (2010).

O'Keeffe J., Moran A.P.: Conventional, regulatory, and unconventional T cells in the
immunologic response to Helicobacter pylori. Helicobacter. 13, 1-19 (2008).

Parsonnet J., Friedman G.D., Orentreich N., Vogelman H.: Risk for gastric cancer in
people with CagA positive or CagA negative Helicobacter pylori infection. Gut. 40,
297-301 (1997).

Pavlik E., Lukes P., Potuznikova B., Astl J., Hrda P., Soucek A., Matucha P., Dosedel
J., Sterzl |.: Helicobacter pylori isolated from patients with tonsillar cancer or tonsillitis
chronica could be of different genotype compared to isolates from gastrointestinal
tract. Folia Microbiol. 52, 91-94 (2007).

Pichler W.J., Tilch J.: The lymphocyte transformation test in the diagnosis of drug
hypersensitivity. Allergy. 59, 809-20 (2004).

Portal-Celhay C., Perez-Perez G.l.: Immune responses to Helicobacter pylori
colonization: mechanisms and clinical outcomes. Clin Sci (Lond). 110, 305-314
(2006).

Prasad A., Prasad K.N., Yadav A., Gupta R.K., Pradhan S., Jha S., Tripathi M.,
Husain M.: Lymphocyte transformation test: a new method for diagnosis of
neurocysticercosis. Diagn Microbiol Infect Dis. 61, 198-202 (2008).



Prochazkova J., Sterzl I., Kucerova H., Bartova J.: The beneficial effect of amalgam
replacement on health in patients with autoimmunity. Neuroendocrinol Lett. 25, 211-
218 (2004).

Raghavan S., Fredriksson M., Svennerholm A.M., Holmgren J., Suri-Payer E.:
Absence of CD4+CD25+ regulatory T cells is associated with a loss of regulation
leading to increased pathology in Helicobacter pylori-infected mice. Clin Exp
Immunol. 132, 393-400 (2003).

Realdi G., Dore M.P., Fastame L.: Extradigestive manifestation of Helicobacter pylori
infection. Fact and fiction. Dig Dis Sci. 44, 229-236 (1999).

Robinson K., Argent R.H., Atherton J.C.: The inflammatory and immune response to
Helicobacter pylori infection. Best Pract Res Clin Gastroenterol. 21, 237-59 (2007).

Sanders M.K., Peura D.A.: Helicobacter pylori — Associated diseases. Curr
Gastroenterol Rep. 4, 448-454 (2002).

Solnic J.V., Franceschi F., Roccarina D., Gasbarrini A.: Extragastric manifestation of
Helicobacter pylori infection — other Helicobacter species. Helicobacter 11, 46-51
(2006).

Stejskal V.D.M., Cederbrant K., Lindvall A., Forsbeck M. MELISA - an in vitro tool for
the study of metal allergy. Toxicol In vitro. 5, 991-1000 (1994).

Stejskal V.D.M., Cederbrant K., Lindvall A., Forsbeck M. (1996). Mercury-specific
lymphocytes: an indication of mercury allergy in man. J Clin Immunol 16, 31-40
(1996).

Sterzl 1., Prochazkova J., Hrda P., Matucha P., Bartova J., Stejskal V.: Removal of
dental amalgam decreases anti-TPO and anti-Tg autoantibodies in patients with
autoimmune thyroiditis. Neuroendocrinol Lett. 27 (Suppl 1), 25-30 (2006).



Suarez G., Reyes V.E., Beswick E.J.: Immune response to H. pylori. World J
Gastroenterol. 12, 5593-5598 (2006).

Suerbaum S., Michetti P.: Helicobacter pylori infection. N Engl J Med. 347, 1175-
1186 (2002).

Sundrud M.S., Torres V.J., Unutmaz D., Cover T.L.: Inhibition of primary human T
cell proliferation by Helicobacter pylori vacuolating toxin (VacA) is independent of
VacA effects on IL-2 secretion. Proc Natl Acad Sci U S A. 101, 7727-7732 (2004).

Tomer Y., Davies T.F.: Infection, thyroid disease and autoimmunity. Endocrinol Rev.
14, 107-120 (1993).

Tsang K.W., Lam S.K.. Helicobacter pylori and extra-digestive diseases. J
Gastroenterol Hepatol. 14, 844-850 (1999).

Uyub A.M., Anuar A.K.: Inhibition of lymphocyte proliferative responses to
Helicobacter pylori by plastic adherent cells. Southeast Asian J Trop Med Public
Health. 32, 88-94 (2001).

Valentine-Thon E., Schiwara H.W.: Validity of MELISA® for metal sensitivity.
Neuroendocrinol Lett. 24, 57-64 (2003).

Valentine-Thon E., llsemann K., Sandkamp M.: A novel lymphocyte transformation
test (LTT-MELISA) for Lyme borreliosis. Diagn Microbiol Infect Dis. 57, 27-34 (2007).

Velin D., Michetti P.: Immunology of Helicobacter pylori infection. Digestion. 73, 116-
123 (2006).

Viala J., Chaput C., Boneca I.G., Cardona A., Girardin S.E., Moran A.P., Athman R.,
Mémet S., Huerre M.R., Coyle A.J., DiStefano P.S., Sansonetti P.J., Labigne A.,
Bertin J., Philpott D.J., Ferrero R.L.: Nod1 responds to peptidoglycan delivered by the
Helicobacter pylori cag pathogenicity island. Nat Immunol. 5, 1166-1174 (2004).



Windle H.J., Ang Y.S., Athie-Morales V., McManus R., Kelleher D.: Human peripheral
and gastric lymphocyte responses to Helicobacter pylori NapA and AphC differ in
infected and uninfected individuals. Gut. 54, 25-32 (2005).


https://www.researchgate.net/publication/49773430

