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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background and Objectives: The relationship between
Helicobacter pylori infection and gallbladder diseases,
particularly cholecystitis and gallbladder polyps, remains
unclear. This study aimed to investigate the presence of H.
pylori in gallbladder tissues and its potential role in gallbladder
pathologies, as well as to examine the expression of chemokines
CXCL2 and CXCLS5 in these conditions.

Methods: A total of 137 laparoscopically excised gallbladders
were analysed through histological examination, PCR for
H. pylori-specific DNA, and quantitative real-time PCR for
CXCL2 and CXCLS gene expression. The study cohort included
patients with acute calculous cholecystitis, chronic calculous
cholecystitis, and gallbladder polyps.

Results: H. pylori was detected in 30.7% of cases by
histological methods and 42.3% by PCR. Elevated expression of
CXCL2 and CXCLS5 was observed in 62% and 57.7% of cases,
respectively, with a higher prevalence in acute cholecystitis
compared to chronic conditions. However, no statistically
significant association was found between H. pylori presence
and the forms of cholecystitis, as well as between H. pylori
presence and chemokine expression in gallbladder.

Conclusions: The study did not establish a direct link between
the presence of H. pylori infection and forms of gallbladder
pathologies. The findings suggest that other factors other than H.
pylori may contribute to the upregulation of CXCL2 and CXCL5
in gallbladder diseases. Further research is needed to elucidate
the complex interactions between H. pylori, chemokines, and
gallbladder pathologies.

Key words. Helicobacter pylori, Gallbladder Disease,
Cholecystitis, Chemokine CXCL2, Chemokine CXCLS5.

Introduction.

Malignant tumors of the biliary tract, encompassing the
gallbladder and bile ducts, present significant management
challenges. Concurrently, both the incidence and mortality
associated with these diseases are on an upward trajectory
[1,2]. Early diagnosis is feasible in a mere 35% of cases, and
in instances of delayed diagnosis, the median survival duration
seldom surpasses twelve months [3]. Similar to gastric cancer,
cancers of the hepato-biliary system predominantly arise against
a backdrop of chronic inflammation, which may precipitate
malignant transformations within the tissue [4].

Helicobacter pylori (H. pylori) is implicated as a causative
agent of chronic and acute inflammation, as well as gastric
cancer. Recent studies over the past decade have posited that the
pathogenicity of Helicobacter pylori towards gastrointestinal
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organs is influenced by the bacterium's 2D protein profiles
and the cytotoxin-associated gene (CagA). The latter encodes
the CagA protein, thereby determining the variants of CagA
isoforms [5,6]. It has been substantiated that the CagA protein,
particularly its East Asian variant, escalates the risk of malignant
progression [7].

Furthermore, Helicobacter pylori strains harboring "high-
risk" CagA isoforms are considered primary instigators of
cyclooxygenase-2 (COX-2) induction, a phenomenon observed
in over 90% of gastric cancer instances [8]. Helicobacter
pylori is deemed the principal cause of inflammatory processes
involving COX-2 and prostaglandin E2 (PGE2), which are
in turn linked to the expression of specific chemokines (e.g.,
CXCL5 and CXCL2) in gastric cells, as evidenced in gastric
cancer scenarios [9].

However, a direct association between malignant inflammatory
diseases of the biliary tract and Helicobacter pylori remains
unestablished [2]. While correlations have been observed
between gallbladder pathologies and the presence of H. pylori
within gallbladder tissue [8,10,11], research validating a direct
causality attributable to Helicobacter pylori is still lacking [12].
In vitro studies have demonstrated Helicobacter pylori's capacity
to damage human gallbladder epithelial cells, potentially playing
a significant role in calculous cholecystitis development [13].
Nonetheless, in vivo studies merely suggest an elevated risk
of biliary tract diseases associated with H. pylori infection [2],
typically confirmed via urease tests, ELISA for anti-H. pylori
IgG and IgM [12], or PCR methods, particularly in countries
with a high prevalence of hepatobiliary system pathologies,
such as Japan, China, Pakistan, and Chile [11,12,14,15].

In Georgia, research into Helicobacter pylori spans over two
decades, revealing a high prevalence among patients with
gastritis (78%), peptic ulcer (58%), and gastric cancer (58%)
[16], while also addressing critical diagnostic and treatment
challenges [17-19]. Concerning Helicobacter pylori's link
to biliary pathologies, hypotheses regarding two potential
mechanisms of biliary tract infection have been proposed,
alongside a conceptual framework for conducting related
research [20]. Notably, no studies have yet been undertaken in
Georgia to explore Helicobacter pylori's prevalence or role in
the pathogenesis of gallbladder and bile duct cancer, as well as
other inflammatory biliary diseases.

This work seeks to validate the hypothesis that Helicobacter
pylori can induce specific inflammatory responses in the
gallbladder and bile ducts, akin to its effects in the stomach.
The study aims to ascertain the frequency of Helicobacter pylori
infections in surgically removed gallbladders and to determine
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the extent to which this bacterium contributes to gallbladder
inflammation and its pathogenesis.

Materials and Methods.

Tissue Sampling: A total of 137 gallbladders, excised
laparoscopically during 2021-2022, were examined. The patient
age range was 22 to 90 years, with an average age of 55. The
cohort consisted of 104 women and 33 men. Informed consent
was obtained from all participants. The consent form, along with
the research protocol, received approval from the Commission
of Bioethics at the TSU Aleksandre Natishvili Institute of
Morphology (Registration No. 3/20, Protocol No. 2, 2021).

Sample Collection and Preservation: Tissue samples were
harvested from the excised gallbladders immediately after
placement in a saline solution and then promptly transferred
to containers filled with formalin. This approach effectively
minimized ex-situ contamination of the samples with
Helicobacter. We focused on collecting samples from both the
neck and the fundus of the gallbladders, prioritizing the cervical
regions due to the presence of mucous glands and a higher
likelihood of encountering Helicobacter pylori. The samples
were subsequently stored at -80°C in a specialized refrigerator
for PCR analysis.

Histological and Molecular Analysis: Histological
examination involved fixing gallbladder fragments in 10%
buffered formalin (pH 7.2 — 7.3) and embedding them in
paraffin. Sections (3-4 um thick) from the paraffin blocks were
stained using Giemsa's method, following the manufacturer's
guidelines (Bio-Optica, Italy; MGG Stain, reference Code: 04-
090805M). Helicobacter pylori was identified as grayish-brown
rod-like microstructures on the mucous membrane epithelium
and within gland lumens (Figure Nla,b). A ZEISS Primo Star
light microscope (Germany) equipped with a digital camera
(ZEN 2.3 SP1) was used for microscopic examination.

DNA Isolation and PCR Detection of H. pylori: DNA was
isolated from formalin-fixed and paraffin-embedded (FFPE)
gallbladder tissue using the QIAamp DNA FFPE Tissue Kit

(Qiagen).
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To determine the concentration of dsDNA in each DNA
sample, we utilized the Qubit dSSDNA BR Assay (Invitrogen™),
and any measurement that was less than 2.0 ng was verified
using the Qubit dsDNA HS Assay (Invitrogen™) [21].

H. pylori by RT-PCR: The presence of H. pylori was
determined via real-time PCR using the ABI 7500 PCR system
(Applied Biosystems). For detection of H. pylori in FFPE
gallbladder tissue, we utilized primer and probe targeting 16S
rRNA and Urea A genes. Both genes’ primers and probes
sequences were selected based on the study by Ramirez-Lazaro
et al. [22]. Information about the corresponding primer-probe
is provided in Table 1. A human beta-2 microglobulin (B2M)
qPCR (Hs.PT.58v.18759587, IDT Inc.) served as an endogenous
control. After the optimization, we applied 900 nM primer and
250 nM TagMan probe concentrations. We run each sample in
duplicate to ensure the reliability of the PCR reaction.

The amplification reaction was performed in TaqPath 1-Step
Master Mix (No ROX) (Applied Biosystems™), and the thermal
cycling condition was set according to the manufacturer's
recommendations. Real-time PCR comprised a reverse
transcription, 53°C for 10min, initial denaturation at 95°C for
2min, 40 cycles at 95°C for 15sec, and 60°C for 60sec. Each
RT-PCR run incorporated a positive control (H. pylori-positive
gastric biopsy), a negative control (endometrial tissue), and no-
template controls to ensure the validity of the results.

CXCL2 and CXCLS Gene Expression Study: We explored
the gene expression of CXCL2 and CXCL5 chemokines in
gallbladder tissues using the quantitative real-time RT-PCR
method, akin to the approach employed for H. pylori-infected
cells in the gastrointestinal tract [9]. The aim was to assess the
expression levels of these chemokines, which are activated by
COX-2 and PGE2 in H. pylori-infected gallbladder tissues.

RNA Isolation and Purity Assessment: Total RNA was
isolated from formalin-fixed and paraffin-embedded (FFPE)
gallbladder tissue samples utilizing the RNeasy FFPE Mini Kit
(Qiagen), adhering to the manufacturer's validated protocol. For
reference, we employed FFPE gallbladder samples devoid of

a 7

Figure 1. a) Red circle - lymphocyte infiltrate; b) Red circle - neutrophil infiltrate; a,b) Blue arrow- epithelium of Gall Bladder; Red arrow- —

Helicobacter Pylori.
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Table 1. H.Pylori detection PCR primers.

Gene Forward primer Reverse primer Length (bp)
16S rRNA 5’-CTCATTGCGAAGGCGACCT-3’ 5’-TCTAATCCTGTTTGCTCCCCA-3’ 76

ureaA 5’-CGTGGCAAGCATGATCCAT-3’ 5’-GGGTATGCACGGTTACGAGTTT-3’ 77

TaqMan probe Sequence

Sequence

16S RNA

PROBE 5'-FAM-ATTACTGACGCTGATTGCGCGAAAGC-TAMARA-3'

ureaA PROBE |5'-FAM-TCAGGAAACATCGCTTCAATACCCACTT-TAMARA-3'

pathology (n=4), retrieved during Whipple procedures and right
hemi-hepatectomies due to liver trauma.

To obtain high-yield mRNA from FFPE postoperative tissue,
we used the RNeasy FFPE Mini kit (Qiagen), which includes
deparaffinization, protease K digestion, and DNase treatment
steps in the protocol. Quantitative and qualitative assessment
of isolated RNA was performed by Qubit technology, more
precisely via RNA XR Qubit assay and Qubit QC Assay Kit to
determine the degree of RNA degradation and to measure RNA
concentration respectively.

Quantitative Real-Time PCR Analysis: The qRT-PCR
analysis of CXCL5 and CXCL2 gene expression was performed
using the ABI 7500 PCR system from Applied Biosystems.
We employed TagMan Gene Expression assays for CXCLS5
(ID-Hs01099660 g1) [23] and CXCL2 (ID-Hs00601975 m1)
[24] from Applied Biosystems, with human 18S ribosomal
RNA (ID- Hs03928990 gl) [25] as the normalization control.
Individual patient samples for each assay were run in duplicate.

We set up a single plex PCR experiment mixture for
corresponding targets (CXCL2, CXCLS5, and 18S). Thus,
Rnx for a single target has been prepared as follows: 6.25uL
TaqPath 1-Step Multiplex Master Mix (No ROX) (Applied
Biosystems™), 1uL real-time PCR assay, 7.75uL nuclease-
free water, and 10pL RNA sample. The thermal cycling
conditions recommended by the manufacturer were adhered
to, encompassing UNG incubation, at 25°C for 2sec, reverse
transcription at 53°C for 10sec, 40 amplification cycles of
polymerase activation at 95°C for 2sec, and elongation at 60°C
for 60sec. No template controls were included in each run.

Data Analysis: Relative gene expression was ascertained
using CT values, with the 2—AACT method applied to calculate
relative changes in gene expression. Statistical analyses of
the findings were conducted using SPSS software (version
25.0, SPSS Inc., Chicago, IL). Chi-square test was employed
to evaluate the potential association between Helicobacter
pylori infection and gallbladder disease. ANOVA test was
used to evaluate the relationship between gallbladder disease
and the molecular-level inflammatory responses to cytokines
and chemokines. The Student t-test was used to assess the
association between the presence of Helicobacter pylori DNA
and CXCL2 and CXCLS expression levels. A 95% confidence
interval was utilized to determine the reliability of the results.

Results.

Histopathological Findings: The histopathological analysis
of 137 laparoscopically excised gallbladders revealed acute
cholecystitis in 79 cases, with acute calculous cholecystitis
identified in 77 patients and acute non-calculous cholecystitis -
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in 2 patients. Chronic calculous cholecystitis was diagnosed in
53 patients, and gallbladder polyps were confirmed in 5 cases.

Helicobacter  Detection:  Helicobacter presence was
histologically confirmed in 42 cases (30.7%) using the
Giemsa staining method. Among patients with acute calculous
cholecystitis, Helicobacter was detected in 22 cases (28.6%),
and in 20 patients (37.7%) with chronic calculous cholecystitis.
No Helicobacter pylori presence was observed in cases of acute
non-calculous cholecystitis or gallbladder polyps.

PCR Analysis: The specific DNA of Helicobacter pylori
was identified in 58 cases (42.3%) through PCR testing. Of
these, 33 patients (42.9%) had acute calculous cholecystitis,
and 23 patients (43.4%) had chronic calculous cholecystitis.
Helicobacter Pylori-specific DNA was also found in single
cases of acute non-calculous cholecystitis and gallbladder
polyps, representing 50% and 20% of these cases, respectively
(refer to Table N2).

Table 2. Distribution of Helicobacter Pylori DNA test results according
to gallbladder histopathological diagnoses.

Confirmation of the presence

Histopathological diagnosis of H.elicobacter Pylori-

specific DNA by PCR

Positive Negative Total
Acute calculous cholecystitis 33 44 77
Acute noncalculous cholecystitis 1 1 2
Gallbladder polyps 1 4 5
Chronic calculous cholecystitis 23 30 53
Total 58 79 137

Chemokine Gene Expression: In the gallbladder tissues,
CXCL2 was found to be elevated in 85 cases (62%), and CXCL5
expression was increased in 79 cases (57.7%). Both genes
showed elevated expression in 67 cases (48.9%). Specifically,
in acute calculous cholecystitis, CXCL2 expression was noted
in 56 cases (72.7%), and CXCLS5 in 58 cases (75.3%). Both
chemokines showed 100% elevated expression in the two
cases of acute non-calculous cholecystitis. In chronic calculous
cholecystitis, CXCL2 and CXCLS5 expressions were observed
in 23 cases (43.4%) and 18 cases (34%), respectively. Among
gallbladder polyp cases, CXCL2 expression was found in 4
cases (80%), and CXCLS in 1 case (20%) (see Table N3).

Relationship with Helicobacter Pylori: Despite the PCR
confirmation of Helicobacter Pylori-specific DNA in 58
patients, 45 out of 85 cases with increased CXCL2 expression
(52.9%) and 40 out of 79 cases with elevated CXCLS5 expression
(50.6%) (see Table N4).



Table 3. Distribution of chemokine gene expression cases according to
histopathological diagnoses of the gallbladder.

Increased expression of
chemokine genes
Increased Increased

Histopathological diagnosis . .
expression expression

of CXCL2 of CXCL5 1ot
gene gene
Acute calculous cholecystitis 56 58 77
Acute noncalculous cholecystitis 2 0 2
Gallbladder polyps 4 1 5
Chronic calculous cholecystitis 23 18 53
Total 85 79 137

Table 4. Distribution of Helicobacter Pylori-specific DNA Study Results
in Relation to CXCL2 and CXCL5 Chemokine Gene Expression.

Confirmation of the
presence of Helicobacter

Increased expression of chemokine Pylori-specific DNA by

genes

PCR
Positive Negative
Increased expression of CXCL2 genes
40 45
- 85 cases
Increased expression of CXCLS5 genes
39 40
- 79 cases
Increased expression of both genes 13 34

together - 67 cases

Statistical Analysis: The %2 analysis did not establish a
statistically significant association between the forms of
gallbladder diseases and Helicobacter infection based on both
histological and PCR data (p=0.3 and p=0.8, respectively).
However, the ANOVA test revealed significant relation
between gallbladder diseases and the expression of CXCL2
(p=0.03) and CXCL5 (p<0.001), indicating that gene expression
of both chemokines is notably elevated in cases of acute
cholecystitis compared to chronic cholecystitis. However, the
Student's t-test revealed that there is no statistically significant
association between Helicobacter pylori DNA presence and
CXCL2 expression levels (p = 0.102). For CXCLS5 expression
levels, the Student's t-test indicated a marginal association with
Helicobacter pylori DNA presence (p = 0.06).

Discussion.

In this study, we investigated the prevalence of Helicobacter
pylori and the expression of CXCL2 and CXCLS chemokine
genes across various gallbladder pathologies. Although no direct
association was established between gallbladder disease and
Helicobacter infection, a significant association was identified
between gallbladder disease and chemokine gene expression.

Among the 85 gallbladder tissue samples exhibiting elevated
CXCL2 gene expression, Helicobacter pylori was detected in
only 40 cases through PCR. Similarly, of the 79 samples with
increased CXCLS5 gene expression, Helicobacter pylori presence
was confirmed in 39 cases by PCR. Furthermore, in 67 samples
showing elevated expression of both genes, Helicobacter pylori
was identified in just 33 cases via PCR.

The absence of Helicobacter pylori in cases with heightened
chemokine gene expression may be attributed to various
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biological and pathological factors. For instance, the
upregulation of chemokines could result from other bacterial
or viral infections that incite inflammatory responses within
the gallbladder or adjacent tissues. While bacterial infections
are commonly linked to gallbladder inflammation, the role of
viral infections cannot be discounted [26]. Moreover, increased
chemokine expression might stem from non-infectious
inflammation [27] triggered by gallstones, biliary sludge, or
autoimmune reactions, wherein the immune system's activation
leads to elevated chemokine levels. Additionally, systemic
inflammatory responses or coexisting diseases might contribute
to this phenomenon [28].

Chemokines such as CXCL2 (also known as MIP2-alpha) and
CXCL5 (ENA-78) play crucial roles in recruiting and activating
neutrophils, pivotal in inflammation [29]. The heightened
expression of these chemokines in gallbladder tissues suggests
their potential involvement in cholecystitis pathogenesis,
hinting at new therapeutic or preventive strategies targeting
these chemokines.

While the increased expression of CXCL2 and CXCLS5 in
gallbladder tissues does not directly relate with Helicobacter
pylori prevalence, their coexistence in approximately 47.1-
49.4% of cases does not entirely negate a possible cause-and-
effect relationship. Future research on a larger scale is warranted
to further explore the potential link between elevated CXCL2
and CXCLS5 expression in gallbladder tissues and the presence
of Helicobacter pylori. The same might be assumed regarding
the link among the Helicobacter pylori and cholelithiasis in both
acute and chronic cholecystitis, taking into the account, that H.
pylori were detected in approximately 43% of the patients with
the gallstones. This recommendation aligns with findings from
a systemic review and meta-analysis examining the association
between Helicobacter pylori infection in the gallbladder and
conditions like chronic cholecystitis and cholelithiasis [2].

Potential Mechanisms by Which H. pylori Affects Biliary
Diseases:

The interplay between Helicobacter pylori infection and
biliary diseases is complex, encompassing various potential
mechanisms. H. pylori-induced inflammation within the
stomach and duodenum might indirectly influence the biliary
system, contributing to conditions such as chronic cholecystitis.
The infection may alter bile composition, precipitate gallstone
formation, or impair bile function [14,30]. Moreover, the
immune response elicited by H. pylori could extend its effects
to the biliary system, although the precise mechanisms warrant
further exploration [31].

Detection of H. pylori in Gallbladder Tissue:

The detection of Helicobacter pylori in gallbladder tissue
presents a notable challenge. Helicobacter pylori thrives in the
stomach's acidic environment by neutralizing gastric acid, which
facilitates its survival within the gastric mucosa. The presence of H.
pylori in regions outside the stomach, such as the bile or gallbladder,
introduces intriguing questions regarding its survival mechanisms
in varied pH environments. Nevertheless, the detection of H. pylori
in the gallbladder mucosa is strongly associated with its presence
in the stomach, suggesting a complex relationship between gastric
and biliary H. pylori infections [32].



Challenges in Confirming H. pylori Colonization:

It remains challenging to ascertain whether the detection
of Helicobacter DNA in the liver signifies actual microbial
colonization or merely indicates the entero-hepatic circulation
of Helicobacter and/or its DNA [31]. The difficulty in culturing
Helicobacter from bile ducts suggests that, in some cases, bile
from the portal circulation may contain Helicobacter DNA but
not viable bacteria, detectable through PCR. This hypothesis
is supported by our data, which showed Helicobacter pylori
detection rates of 30.7% by Giemsa staining and 42.3% by PCR,
The higher frequency of detection of Helicobacter Pylori by the
PCR method compared to the detection by the Giemsa method is
noted by other authors as well [15]. However, there are studies,
according to which the frequency of detection of Helicobacter
Pylori by histological and molecular-biological examinations is
approximately equal [33] The above highlights a discrepancy
that necessitates further refinement and standardization of
detection methods.

Routes of H. pylori Entry into the Biliary System:

Helicobacter pylori may access the biliary system through two
primary routes: the ascending route via the papilla of Vater and
the enterohepatic translocation route via portal blood or lymph
[20,31,34]. The papilla of Vater, or the major duodenal papilla,
and the sphincter part of the bile duct, distinguished by their
abundant mucosal folds and muscle fibers, form independent
sphincters for the bile and pancreatic ducts. These sphincters
regulate bile and pancreatic juice flow into the duodenum,
bile accumulation in the gallbladder, and prevent reflux from
the duodenum into the pancreas and vice versa. The complex
sphincter system at the terminal part of the common bile
duct, particularly the sphincter of Oddi, makes it difficult to
envision H. pylori's ascending penetration into the bile ducts
without sphincter dysfunction. Moreover, such dysfunction
could allow not only H. pylori but also other gastrointestinal
microbes to enter the liver and bile ducts, further complicating
the investigation of H. pylori's role in hepatobiliary pathologies.

Bacterial Translocation and Its Implications:

Bacterial translocation involves several pathogenic factors,
including intestinal microflora overgrowth, intestinal mucosal
damage, immune system impairment, and endotoxemia. Bile's
inhibitory effect on intestinal bacteria growth underscores the
antimicrobial properties of bile acids and their salts [35,36],
particularly against anaerobic gram-negative microorganisms
[37]. Bacterial translocation is observed in conditions such as
mechanical jaundice and various intestinal pathologies, leading
to increased systemic circulation of Gram-negative bacteria like
E. coli and their endotoxins.

Recent scientific literature suggests that bacteria and
endotoxins from damaged intestinal epithelia can bypass
the liver and enter the systemic circulation, as evidenced in
conditions like extrahepatic cholestasis [36]. This phenomenon
raises the possibility that H. pylori, similar to E. coli, might
undergo translocation and reach the liver and bile ducts through
portal or lymphatic routes. However, such translocation likely
results from pre-existing biliary pathologies rather than causing
them, which limits the usefulness of these observations in
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elucidating the role of translocated microbes in hepatobiliary
disease development.

The participation of translocated microbes, including various
Helicobacter species, in the initiation and pathogenesis of
hepatobiliary system pathologies remains an open question,
necessitating further clinical and experimental studies.
Understanding the complex mechanisms by which H. pylori
interacts with the biliary system and the challenges associated
with its detection and colonization confirmation will be crucial
in advancing our knowledge of hepatobiliary diseases and
developing targeted therapeutic strategies.

The limitations of the study are primarily attributed to the
relatively low number of cases examined. Nevertheless, it serves
as one of the initial steps in testing the hypothesis regarding
the involvement of H. pylori in the pathogenesis of gallbladder
diseases.

Conclusion.

Our research findings do not establish a direct causal
relationship between Helicobacter pylori infection and
gallbladder pathologies. The absence of a statistically significant
association between the forms of gallbladder diseases and
Helicobacter pylori, as determined by both histological and
PCR analyses, suggests that changes observed in the gallbladder
may not be directly attributable to H. pylori infection. While
a direct association was observed between gallbladder disease
and elevated expression of the chemokines CXCL2 and CXCL5
in cases of acute cholecystitis compared to chronic cholecystitis,
no direct relation between the expression of these chemokines
and H. pylori-specific DNA was established. This finding
implies the involvement of additional factors in the upregulation
of these chemokines.

Furthermore, the concurrent presence of CXCL2 and CXCL5
with H. pylori in 47.1-49.4% of the cases does not definitively
rule out a potential cause-and-effect relationship between them.
Therefore, the role of H. pylori in the etiology of gallbladder
diseases remains an open question, warranting further
investigation to clarify its involvement conclusively.
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