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Abstract

The current research focused on the detection of Salmonella typhi and its
relationship with the formation of gallstone and gall bladder cancer. Samples were
collected from patients aged between 32-67 years (males and females) in Mosul city
hospitals. The samples included 30gallbladder fresh tissues from patients suffering
from gallstone and 20 formalinfixed-paraffin embedded (FFPE) gallbladder tissue
from patients confirmed with gallbladder cancer. The results showed that 33% S.
typhi isolates were diagnosed from the tissue samples using conventional methods,
biochemical tests and Vitek2. All fresh tissues samples gave positive PCR results for
the presence of FliC-d and CdtB genes and 46% positivity for S. typhi compared
with conventional methods, 64% for females, 35% for males and 40 % positive in
the gallbladder cancer of which 62% were females and 37%males.
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Introduction

Gall bladder cancer (GBC) is considered one of the most common cancers of the bile duct
in the world [1]. It has been described as the most serious as it is usually without symptoms
and cannot be detected in early stages due to the absence of indicators of the disease [2]. High
rates of incidence were recorded in several countries in the world including Chile, Bolivia,
Japan, Korea and China [3]. India recorded the highest rates of incidence as gallbladder
cancer represented one of the most common tumours in north India, particularly in females
[4]. Since the onset of the nineteenth century, it was observed that gallstone is related to the
gallbladder cancer and is considered one of the risk factors which is accompanied with
chronic cholecystitis [5, 6]. Gallbladder stone disease has recently increased among the Iraqi
society due to many risk factors such as bacterial infections and some HLA class Il antigens
[7]. Moreover, patients who are carriers of S. typhi and H. pylori are more vulnerable to the
gallbladder cancer as the S. typhi and the formation of the gallstone have been described as
the most important risk factors for gallbladder cancer [8].
Salmonella typhi is considered as one of the pathogens that possess many virulence factors
that enhance its pathogenicity such as cytolethal distending toxins (CDT), flagella, fimbria, in
addition to pathogenicity islands as one of the distinguished genetic elements in the bacterial
chromosome [9, 10]. The external part of the flagella is filament shaped and consists of
20,000 protein units of the flagellin protein that give flagella the hardness and ability to move.
It has an important role in the incidence of infecting the host cells. It also helps the bacteria to
escape from certain locations inside the cell [11, 12]. S. typhi infection not only causes
chronic inflammation and damage to the mucosa, but also produces toxins like cytolethal
distending toxins (CDT) which contribute to DNA damage and induce cell-cycle arrest.CDT
consists of three subunits: CdtA, CdtB and CdtC. CdtB possesses enzymatic activity DNase |,
whereas CdtA and CdtC contribute in attaching the holotoxin with the plasma membrane of
the host cell. CdtB activity depends on the gene expression of two genes, pertussis like toxins
A (pltA) and B (pltB) [13]. The triple complex pltA, pltB and CdtB make changes in the cell
by destroying the DNA, arresting the cell cycle and affecting the paths of signal transduction.
In addition to that, the occurrence of genotoxicity that is caused by the bacteria
toxins,enhances the incidence of gallbladder cancer [8].
Due to the importance of confirming the relationship between gallstone formation and its
development into gallbladder cancer, which are related to the infection with S. typhi, the
current research focused on the detection of the S. typhi in addition to detecting some of its
virulence factors that play an important role in gallbladder cancer.
Materials and Methods
Samples: Fifty samples were obtained from patients aged between 32-67 years (males and
females) and were subjected to gallbladder cholecystectomy at Alzahrawi Teaching Hospital
and Alzahrawi Private Hospital in Mosul City. The samples included:
Thirty samples of gallbladder fresh tissue collected from gallstone patients who had
undergone gallbladder cholecystectomy. The samples were immediately taken to laboratory
where the gallstones were photographed. Then a section of the tissue was placed in sterilized
plane tubes containing 5 ml of BHI broth and incubated at 37°C for 24 hours. Larger tissue
samples were cut into smaller pieces prior to being cultured. After overnight incubation, they
were cultured on MacConkey agar, Salmonella-Shigella (SS agar) and Xylose Lysine
Deoxycholate agar (XLD agar) and then incubated at 37°C for 24 hours [14]. Colonies were
identified by biochemical tests confirmed using Vitek2 compact system.
Molecular Detection of S.typhi
Depending on the DNA extraction from fresh tissues, Salmonella typhi DNA was extracted
using Geneaid Genomic DNA Purification kit for the detection of FIiC and CdtB genes.
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Samples were then homogenized and 25 mg of tissue was combined with 1 ml of the of BHI
broth and centrifuged at 12000rpm for 2 min [3].

The 20 Formalin Fixed-Paraffin Embedded (FFPE) gallbladder tissue samples confirmed
gallbladder cancer patients who had undergone gallbladder cholecystectomy due to cancer, 15
samples had both cancer and gallstones and 5 samples had gallbladder cancer only. FFPE
tissue was subjected to many processes before extracting the genomic DNA [15]. S. enterica
serovar typhi (ATCC: 14028) strain was used as positive control.

Extraction and Purification of Genomic DNA: The DNA was extracted from cultured
tissue (n=10), fresh tissues (n=30) and FFPE tissue (n=20) using Geneaid Genomic DNA
Purification kit. The concentration of the DNA was measured using the Nanodrop
spectrophotometer and the purity was measured by taking the absorption reading at 280/260
nm.

Amplification of the Two Genes (Flic-d and CdtB): This was performed using the
polymerase chain reaction technique (PCR). Specific primers were used to amplify a 763bp
fragment Flic-d- Forward 5'- ACTCAGGCTTCCCGTAACGC -3’ and FliC-d- Reverse 5'-
GGCTAGTATTGTCCTTATCGG-3'enzymatic amplification was performed by using 35
cycles of 5.30 min at 94°C, 30 sec at 55°C and 6 min at 72°C,and specific primers were used
to amplify a 508 bp fragment CdtB- Forward 5'- TAAGTGGTACTGCCGGTGTG -3’ and
CdtB- Reverse 5- GTAGGTGCGAGTACGGCTAC -3’ enzymatic amplification was
performed by using 35 cycles of 3.30 min at 95°C, 45 sec at 59°C and 8 min at 72°C.

Gel Electrophoresis Analysis: The amplification results were analysed using the gel
electrophoresis device as the mixture was loaded in agarose gel well prepared with a
concentration of 1.5% using the buffer solution (LXTBE). The voltages were stabilized at 90
volt/cm for 75 minutes and then the results were photographed by a digital camera.

Results

Direct examination of the gallbladder demonstrated various sizes of the gallstones ranging
from 2 mm - 4 cm and their numbers varied between 1 - 50 stones, as shown in Figure 1

R o y " TR

"5‘--‘-1“\"‘"|"'-"""i"‘|""V "‘”l"'” .lnulll‘lllnu”||||u||hnllnmln;'n' NIRRT EN i Ay
ll 2 2 4 5 & 7 8 9 1011 12172 1415 10
petia b g o ld i1 oo o e hurivs vt

Figure 1- The gallstones,a: single and large gallstones, b, ¢: numbers varied between 1 - 50
stones and d: the gallstones differ in sizesranging from 2 mm - 4 cm.

Results of S. typhi isolated culture from fresh tissues revealed that 10 (33%) had positive
results due to the appearance of pale colonies on MacConkey agar, pale colonies with black
centres on SS agar and red colonies with black centres on XLD agar due to the production of
H,S (Figure 2).
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Figure 2- Representative Salmonella typhi colonies on :(a) MacConkey agar, (b) S S agar, (¢)
XLD agar.

Biochemical test results were shown to be positive for catalase enzyme and Methyl red test.
While they were negative for indole production test, VVoges-Proskauer, Simmons citrate
production, urease and oxidase enzymes. The results of the diagnosis were confirmed using
Vitek2 compact system as shown in Figure 3.
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Figure 3- Salmonella typhi diagnostic results using Vitek2 compact system.

Salmonella typhi were detected by PCR technique for amplification. The results revealed two
bands,763bp and 508bp, for flagellin FliC-d and toxins (CdtB) genes respectively. The results
showed that 10 (33%) isolates of S. typhi were diagnosed from the tissue samples using
conventional methods, biochemical tests and Vitek2. All fresh tissues samples gave positive
PCR results for the presence of FIiC-d and CdtB genes, and 14 (46%) positivity for S. typhi
compared with conventional methods, 9 (64%) for females, 5 (35%) for males. Moreover, the
percentage of S. typhi infection in gallbladder cancer was 8 (40%) from FFPE samples, 5
(62%) and 3 (37%) from females and males respectively, and negative result from 5 samples
infected with gallbladder cancer only as shown in Figures4 and 5.
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Figure 4-PCR products of the FliC-d gene of S. typhi. The size of the PCR product is 763 bp,
(M) DNA ladder, (N) negative Control ,(P) positive control, 1-14 gallstone samples,15-30
gallbladder cancer samples.
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Figure 5-PCR products of the CdtB gene of S. typhi, the size of the PCR product is 508 bp,
(M) DNA ladder, (N) Negative Control, (P) positive control, 1-14 gallstone samples,15-30
gallbladder cancer samples.

Discussion

Cancers are related to several factors including genetic and the type of life. However, the
infection with S. typhi and stone formation represent the most important risk factors as with
the increase in stone size, the risk of infection with the chronic bile inflammation increases
especially when the size of the stone exceeds 3 cm where it is regarded as the most serious
with ten folds compared to the small stone [16]. Many studies demonstrated the existence of
gallstone in 70-90% of patients infected with gallbladder cancer as the stones cause direct
mechanical infection of the bile membrane during the contraction of the gallbladder,
especially when the stone is big, of irregular shape and occupies a big area of the gallbladder
cavity [17]. Stones increase the surface area of the microbes colonization which becomes too
difficult to be eliminated by traditional antibiotics and also the gallstone might cause a
mechanical infection consequently causing chronic inflammations [5].

The present study showed that the average infection with gallbladder cancer increases with
age as it was clear that most of the cases of gallbladder cancer and gallstone were for ages
over 30 years while the maximum was for 65 years of age. This study agrees with Shukla et
al. [18] who reported that the average infection with gallbladder cancer increases after the age
of 45 years and the maximum age for the infection is 6) years. The study of Lyer and his
colleagues [19] indicated that there is a correlation between gallbladder cancer and females
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specifically in the developing countries that are characterized with high incidence of S. typhi.
It was observed that infections in females were 2-3 times more than the infections in males
because the estrogen hormone causes an increase in the saturation of gallbladder with
cholesterol, which in turn, contributes to form gallstones that enhance the incidence of
gallbladder cancer.

Gallstone is considered as one of the main risk factor of gallbladder cancer as reports indicate
that the highest average of gallbladder cancer was recorded in Chile (12.8 for each 100,000
for females and 6.3 for each 100,000 for males). Also, gallbladder cancer is considered as the
second main reason of death in females in Chile [3]. In Irag, as reports indicate, the
prevalence of Salmonella Typhi among patients infected with cancer, cholecystitis, gallstones
and all toxin genes that were isolated from S. typhi of patients with gallstones, while none
CdtB was isolated from bacteria in patients with cholecystitis and 84.6% of S. typhi contained
pltA and pltB genes [20]. S. typhi plays an important role in the incidence of several digestive
system diseases, including its relationship with cancer. It is characterized by its ability of
using various mechanisms including the destruction of DNA, activating the paths that cause
tumours, producing carcinogen compounds, stimulating the chronic inflammations or
inhibiting the immunity [21]. The current research focused on the detection of S. typhi and
studying its relationship with the formation of gallstone and gallbladder cancer. Chronic
carriers of this pathogen have an approximately eightfold excess risk of developing
gallbladder carcinoma than non-carriers and an approximately 200-fold excess risk of
developing hepatobiliary carcinoma compared with people who have had acute typhoid and
have cleared the infection [22, 23]. In addition, epidemical studies demonstrated that S. typhi
carriers are more likely to be infected with gallbladder cancer compared to the uninfected
ones [17].

Isolation of S. typhi from the cultured tissues was in conformity with the results of [24]. The
diagnosis of the S. typhi by Vitek2 compact system showed 99% conformity as this system is
considered one of the rapid and accurate technique in terms of diagnosing bacteria. In the
present study, molecular methods were employed to detect the gene CdtB which is considered
one of the most important virulent factors that have an impact on the development of the
infection that leads to cancer, in addition to Flic-d which encodes the construction of flagellin
protein because it contains specific and qualitative sequences for S. typhi. Researchers Hartl
and Sigal [25] indicated that the virulence genes CdtB and Flic-d can be employed as marker
genes to detect the S. typhi in the various biological samples including that of gallbladder
cancer. Dutta and his colleagues [26] emphasized the use of the sensitive and qualitative
techniques to diagnose S. typhi from the gall bladder samples.

Mittal and his colleagues [15] obtained an isolation percentage of 56% using the gene Flic-d
from chronic cholecystitis and gallstones cases and achieved positive results using the same
gene from the gallbladder cancer with a percentage of 59%). S. typhi is related to the
gallstones due to their ability to form the biofilm on the stone surfaces [9]. In addition, S.
typhi has the ability to change the gene expression when they are within the biofilm [3, 27].
Studies have demonstrated that S. typhi also has the ability to suppress the immune response
in gallbladder mucosa or reduce the level of infection in the gallbladder and regulate the
immune environment which in turn may cause changes in the mucous membrane. These
changes can develop and lead to carcinogenic changes in the gallbladder [28]. The CdtB gene
toxins of S. typhi were described as the most important as they cause genetic instability of the
infected gallbladder cells which expose these cells to the risk of malignant changes [8].
Conclusion:

In this study, the prevalence of S. Typhi among patients infected with gallbladder cancer and
gallstones, the results of polymerase chain reaction (PCR) showed 46% positivity for S. typhi
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in the gallstone and 40% positive in the gallbladder cancer. All samples gave positive PCR
assay results for the presence of FIiC and CdtB genes.
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