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Abstract

Helicobacter pylori infects about half of the world population causing
chronic gastritis, peptic ulcer or gastric cancer. The Aboriginal people in Aklavik,
NWT, Canada are concerned about gastric cancer because of the high prevalence
of H. pylori infection (58%) in their community. H. pylori colonization of the acidic
stomach environment is dependent on the production of urease enzyme and
bacterial adhesins such as BabA. Toxins produced by H. pylori, CagA and VacA,
contribute to the development of stomach diseases. Standard therapies often fail
due to antimicrobial resistance and lack of compliance. Liposomes are lipid
vehicles that have wide therapeutic applications in enhancing the delivery of drugs
and genes into different cells.

This thesis characterizes H. pylori isolated from residents of Aklavik for
major virulence genes, describes the prevalence of gastric biopsy histopathology
outcomes, and estimates the effect of H. pylori virulence genotype on the
prevalence of gastric biopsy histopathology outcomes. In addition, liposome-based
treatment approaches are investigated as alternative treatment approaches for H.
pylori eradication.

This thesis is the first report on the frequencies of H. pylori genotype and
histopathology outcomes for the community of Aklavik, NWT, and identifies the
association of virulence genes cagd and vacA subtypes with gastritis and/or
intestinal metaplasia. Cationic liposome-enhanced delivery of urease antisense
DNA inhibited urease expression by 40%, which may interfere with H. pylori

survival in acidic conditions. Alterations in liposome composition to improve



liposome stability did not improve delivery of antisense DNA to H. pylori.
However, cationic liposomes themselves were previously reported to have
antimicrobial activity against some bacteria and protozoans at concentrations that
are nontoxic to mammalian cells. This thesis is the first demonstration of the
enhanced effect of liposomes on the delivery of urease antisense DNA to H. pylori
resulting in impaired urease expression and activity, and also the first report on the
antimicrobial activity of stearylamine-containing cationic liposomes against H.
pylori. The novel findings presented in this thesis provide the potential for
alternative treatment approaches for the eradication of H. pylori infections,
important strategies for communities where there is a high prevalence of H. pylori

infection.
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This thesis is an original work by Maysoon Mahmoud. The research project, of
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Chapter 1
Introduction

1.1 Helicobacter pylori

1.1.1 Characteristics and History

Helicobacter pylori is a microaerophilic Gram negative bacterium that
infects the stomach (1). It is one of the most common bacterial infections as it is
found worldwide but is more frequently observed in less developed regions (2). The
infection is thought to be acquired in early childhood and persists for life if
untreated (3). The colonization of the healthy stomach with H. pylori produces a
condition of chronic stomach inflammation (gastritis). The infection may be
asymptomatic or it may proceed to symptomatic active gastritis or peptic ulceration.
H. pylori has also been implicated in the etiology of gastric adenocarcinoma, and
gastric mucosa-associated lymphoid tissue (MALT) lymphoma (4).

The basic morphology of H. pylori shows the bacterium as a spiral-shaped
Gram negative bacterium (1). It is a flagellated bacterium with 5 to 7 polar flagella.
The spiral shape along with the polar flagella were linked to its high bacterial
motility. In addition to the spiral shape of the bacteria, H. pylori may form coccoid
cells as it ages. Fresh cultures are mainly spiral bacteria, however, after 3 to 4 days
of culture, coccoid cells dominate leading to a dramatic decrease in culturability
(5). It is controversial whether or not these cells are viable, nonviable but dormant,
or just dead. They are formed when cells are exposed to unfavorable growth
conditions and may be responsible for infection transmission and treatment failures.
The changes that happen to H. pylori as it ages were found to be independent of the
method used to induce coccoid formation (6).

Studies on H. pylori started in 1970s when bacteria were found to be
frequently associated with the surface of gastric epithelium with no possibility for
being contaminants at the time biopsies were taken (7). However, bacteriological
studies at that time mistakenly identified those bacteria as Pseudomonas

aeruginosa (8). Barry J. Marshall and Robin Warren discovered H. pylori and its

1


http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=210

role in gastritis and peptic ulcer disease. They have been awarded the 2005 Nobel
Prize in Physiology or Medicine. When Warren and Marshall announced their
discovery, there was a strong belief that peptic ulcer disease was caused by stress
and lifestyle factors. Warren and Marshall connected H. pylori to more than 90%
of duodenal ulcers and up to 80% of gastric ulcers. At that time, the clinical
community criticized their findings. They had to prove their discovery with
experimental and clinical evidence. In 1985, Marshall underwent gastric biopsy in
order to prove that he was not infected with H. pylori, then he deliberately infected
himself to show that H. pylori was the cause of his acute gastric illness (9,10). In
1982, H. pylori was first cultured from human stomach biopsies by Marshall
(11,12). H. pylori culture was possible by a lucky accident, in which the cultures
were left in the incubator over the long Easter weekend and so the plates were not
examined until the fifth day after biopsy was cultured. Previous trials were
unsuccessful because research biopsies were discarded after 48 h due to the
overgrowth of contaminating commensal flora. Successful culture was done from
a clean gastric biopsy with minimum commensal flora on blood agar under
microaerobic techniques similar to those used for Campylobacter (13). H. pylori
was originally called Campylobacter pyloridis, then the name was changed to
Campylobacter pylori and finally to Helicobacter pylori as the organism has
specific morphologic, structural and genetic features that place it in a distinct genus

(14).

1.1.2 Clinical outcomes

H. pylori colonization leads to infiltration of the gastric mucosa in both
antrum and corpus with neutrophilic and mononuclear (T helper) cells which results
in active gastritis (15). Acute gastritis refers to the acute phase of infection, which
may be associated with transient dyspeptic symptoms, such as feeling of fullness,
nausea, vomiting, and inflammation of both distal and proximal stomach mucosa
(pangastritis). The acute phase is often associated with reduced acid secretion (16).
Persistent colonization results in chronic gastritis where the distribution of gastritis

depends mainly on the level of acid secretion. If the acid secretion is normal (2.5 -



3 mmol/h) (17), H. pylori tends to colonize the gastric antrum due to the presence
of few acid-secretory parietal cells leading to antrum-predominant gastritis (18).
On the other hand, if the acid secretion is reduced, due to the use of acid suppressor
drugs, H. pylori tends to colonize both antrum and corpus leading to corpus-
predominant pangastritis (19). Acid secretion protects the corpus mucosa from H.
pylori induced gastritis as high acidity maintains ammonia produced by H. pylori
in the ionized form which cannot penetrate the epithelial cells and so protects the
cells from the cytotoxic effect of ammonia (17).

Peptic ulcer disease may be either gastric or duodenal ulcers and are defined
as defects in the mucosal lining with a diameter of at least 0.5 cm penetrating
through the muscularis mucosa (20). Gastric ulcers are predominant along the lesser
curvature of the stomach while duodenal ulcers usually occur in the duodenal bulb,
which is highly exposed to gastric acid (21). In Western countries, duodenal ulcers
are more common than gastric ulcers; however, in other countries gastric ulcers are
more common (21). Duodenal ulcers are common in middle age (between 20 and
50 years of age), while gastric ulcers are usually seen over the age of 50 years (22).
In 1995, H. pylori was considered to be a risk factor for peptic ulcer disease as
approximately 81% of peptic ulcers were associated with the presence of H.
pylori infection (23).

Chronic H. pylori infection may lead to shrinkage and destruction of gastric
glands; a condition known as gastric atrophy (24). Intestinal metaplasia is a
condition in which gastric columnar cells are replaced by intestinal-type cells, like
mucin-containing goblet cells and absorptive cells. These cells are lacking in
healthy gastric mucosa and are considered to be important predictors of gastric
cancer risk (25). Moreover, the risk increases by 5-fold when the intestinal

metaplasia involves the lesser curvature of the corpus (26).

1.1.3 Routes of transmission
The acquisition of H. pylori infection is proposed to usually occur in early
childhood. It is not exactly known at what age the infection may occur but many

researchers suggest that it may happen before the age of 5 years (27). The age at



which humans get exposed to H. pylori may influence the route of its transmission.
To date, the exact mechanisms by which H. pylori is transmitted are unknown.
Many transmission routes were proposed: gastric-oral, oral-oral, faecal-oral,
zoonotic and waterborne (28).

The gastric-oral route of transmission may happen when a person becomes in
contact with contaminated vomit. A history of vomiting in siblings was reported to
be an independent risk factor for H. pylori infection. The study suggested that the
gastro-oral route is the main route of H. pylori transmission among urban children
(29).

The oral-oral route of transmission has been considered to be the most
common route of H. pylori infection in developed countries where there is usually
a high level of personal hygiene making the faecal-oral route an uncommon method
of transmission (30). In the literature, there are conflicting data regarding the
association between the presence of H. pylori in oral cavity and gastric
colonization. In some studies, H. pylori were detected in oral cavity with close
relationship to gastric colonization (31). However, another study reported that H.
pylori can colonize the mouth cavity without stomach colonization (32).
Eradication of H. pylori from the mouth is more difficult than from the stomach
suggesting that the mouth may act as a source for reinfection (31).

The faecal-oral transmission of H. pylori is due to consumption of
contaminated food. The contamination of food may occur due to irrigating
vegetables with sewage-contaminated water (33) or from feces-contaminated hands
as a result of lack of proper hand hygiene. However, H. pylori exists in food in
viable but nonculturable form (34). H. pylori was successfully cultured from stool
samples and the first report was back in 1992 from a stool sample of a 24-year old
infected Gambian man (35). One year later, H. pylori DNA was first detected by
PCR in stool samples from patients with gastritis (36). Others also reported the
culture of H. pylori from feces (37,38), indicating the possibility of such a route of
transmission.

H. pylori was detected in sheep stomach without causing any gastritis and it

was cultured from sheep milk and gastric tissue, which suggests that sheep may be



a natural host for H. pylori (39). Quagial et al., were able to detect H. pylori DNA
in 34.5% of 400 raw milk samples collected in Italy but they could not recover any
H. pylori strain (40). In addition, H. pylori antigens were detected in the milk and
faeces of cows, which may suggest that H. pylori may be a zoonotic infection (41).
However, another study reported a rapid reduction in H. pylori count upon exposure
to lipase hydrolyzed cow milk or saline solution supplemented with C4 to C10 fatty
acids of milk fat. While raw milk may be a source of infection, hydrolyzing milk
may be a method to prevent infection or transmission of infection to others by the
faecal-oral route. However, since the fatty acids are absorbed by the intestine, the
bacteriostatic effect of free fatty acids on H. pylori would be decreased, thereby
limit their application in infection control (42).

Contaminated water remains a controversial route of H. pylori transmission.
High levels of H. pylori infection were found in areas that have limited access to a
clean water source, which raises concerns about the role of drinking water in H.
pylori transmission. H. pylori DNA was detected in drinking water and sewage by
PCR (43-45), and in drinking water biofilms by real-time PCR (46). However, H.
pylori persists in cultures and in the environment in a viable but nonculturable state
in which there is a transition in morphology from a bacillary to a coccoid shape
(47). Researchers were not able to revert the coccoid form back to the bacilliary
form (28). The survival of H. pylori in drinking water biofilms may be influenced
by the presence of other bacteria that are indigenous to drinking water. It was
reported that both Mycobacterium chelonae and Sphingomonas spp. maintain the
cultivability of H. pylori for at least 24 hours. H. pylori can also survive for up to
4 days in tap water with a continuous decrease in colony forming units. The
nonculturable coccoid form was detected by electron microscopy in tap water that
was stored at 4°C for 7 days (48). In addition, H. pylori can persist for several
months in river water at 4°C in a coccoid form (49), which may support the idea of
waterborne infection. In the literature, there are only two reports about culturing /.
pylori from drinking water; one from an open wastewater canal on the US-Mexico

border in Ciudad Juérez, Mexico (50), and the other one in Iraq (51).



1.1.4 Diagnostic methods

H. pylori infection can be diagnosed using a number of invasive and non-
invasive methods (Table 1.1). The invasive methods require endoscopic collection
of gastric biopsies and include histology, rapid urease test, culture and polymerase
chain reaction; the non-invasive methods include urea breath test (UBT), serology
and stool antigen test because the collected samples are breath, blood and stool (52).

The invasive methods involve the use of an endoscope to visualize how much
stomach tissue is affected and to obtain tissue samples from the stomach lining
(biopsies). However, all biopsy-based methods may be liable to sampling error due
to the patchy nature of H. pylori infections (53). The specificity and sensitivity of
histology have greatly improved by the use of special stains such as Warthin-Starry,
Giemsa, toluidine blue, acridine orange, McMullen, Genta, Dieterle, and
Romanouski stains (52). The rapid urea test is a useful screen test when considering
biopsies collected from both antrum and body (54). The test rapidly detects the
presence of urease-producing organisms in gastric biopsies, and this most
commonly suggests the presence of H pylori. Confirmation may be determined by
histopathology or culture (52).

Culture is a highly specific method; however, it may have poor sensitivity if
inadequate transport medium is used (55). The ideal transport medium should
support H. pylori growth and at the same time suppress other contaminating
microorganisms (56). Transport media may contain brain heart infusion, yeast
extract, horse serum, and glycerol supplemented with antibiotic mixture containing
vancomycin, amphotericin, cefsulodin, trimethoprim, B-cyclodextrin, polymixin B.
The brain heart infusion, yeast extract and horse serum support H. pylori growth.
The glycerol protects H. pylori from the effect of accidental freezing while the
antibiotic mixture suppresses the growth of contaminating microflora. Biopsies
should be cultured on suitable media for up to 19 days as some isolates are very
slow growing or may be suppressed due to previous antibiotic intake (57). H. pylori
can be cultured on different solid media containing blood or blood products (lysed
blood or serum). Brucella agar, Columbia agar or brain heart infusion/yeast extract

agar have been extensively used to culture H. pylori. A variable amount of 5 to 10%



blood improves the growth of H. pylori. Horse serum may also be used instead of
blood to improve the growth of H. pylori. Egg yolk emulsion agar without blood
has also been used as a medium for H. pylori growth (58). Cultures are incubated
under microaerobic conditions (5% 02, 5-10% CO», and balance N;) at 37°C.
Recovered H. pylori isolates can be identified using typical colony morphology
(circular, convex and translucent), Gram stain (negative spiral rods) and positive
urease, catalase, and oxidase tests. PCR can detect few bacteria in small samples
without need for special treatment or transport (52). PCR detection of H. pylori
DNA, such as 23S rRNA (59) or 16S rRNA (51) confirms its identifcation.

The ['*C]-urea breath test (UBT) is a non-invasive test that is now commonly
used for the diagnosis of H. pylori infection before treatment. The high specificity
and sensitivity of UBT (~95%) makes it a reliable method for diagnosis (60).
Although the ELISA (enzyme-linked immunosorbent assay) serology test is a
cheap and readily available method, it is the least accurate and does not differentiate
between past and active infection (61). ELISA detects the serum antibody level
(IgG, IgA or IgM) to H. pylori antigens (62). The stool antigen test detects H. pylori
antigens in stool by enzyme immunoassay. The accuracy of the stool antigen test
in the diagnosis of H. pylori infection, especially in children, has been confirmed
(63-65). In spite of the high specificity and sensitivity of stool antigen test, it is not
a common method for H. pylori diagnosis. It is proposed that the use of this test
should be encouraged more as it is an inexpensive, accurate and non-invasive

method (63,66).

1.1.5 Risk factors

Many risk factors have been studied for possible association with either
increased or decreased risk for H. pylori infections (67). Among factors that were
reported to be associated with increased risk, low socioeconomic status and
household crowding were the most important risk factors. A positive association
for both was reported in Bangladesh (68,69), Mexico (70), Turkey (71), China (72)
and Russia (73). Other risk factors include the number of siblings (33), infected



parents (74), migration from areas where there is high prevalence (75), cigarette
smoking (71), consumption of raw vegetables (76), diet (77).

There are other factors that were reported to be associated with a decreased
risk for H. pylori infection. In Turkey, living in fruit growing regions, regular
alcohol consumption and drinking bottled water were associated with a decreased
risk for infection (71). Another study reported that consumption of chili peppers

and concurrent parasitic infestation may protect against H. pylori infection (78).

1.1.6 Prevalence
The global prevalence of H. pylori infection is estimated to be more than 50%
(79). The prevalence is higher in developing countries and Aboriginal populations

than developed countries.

1.1.6.1 Prevalence in developed countries

The prevalence of H. pylori in developed countries varies from 7-44% and is
continuously declining (Table 1.2). The prevalence in Canada is relatively low. A
study that was done in an urban Ontario population of 1036 adults (50-80 years old)
reported a seroprevalence rate of 23.1% in 2007 (75). The Nova Scotia study that
included 316 non-patient adults reported an overall seroprevalence rate of 38%,
with age being the only identifiable risk factor for the infection (80). In children,
the prevalence is much lower than adults. A cross-sectional analysis that was
published in 2008 found a 7.1% prevalence rate for H. pylori infection among
Canadian children with a mean age of 10.3 years (81). In the US, the overall
prevalence of H. pylori infection among adults was reported to be 32.5%. For adults
(age 20-29 years), the prevalence rate was 16.7% and increased to 56.9% for those
at least 70 years of age or older. When considering the ethnicity of the participants,
a higher prevalence was observed among non-Hispanic blacks (52.7%) and
Mexican Americans (61.6%) than among non-hispanic whites (26.2%) (82).
Another study in the US reported lower prevalence among Caucasians (9%) (83).
In Europe, the prevalence rate was previously reported to be from 30-70% with the
highest rate of infection was observed in Eastern Europe (60). However, a more

recent study observed lower prevalence rate (13.3-29.9%) in Europe (84,85). A 10
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years follow-up study in Russia reported a decline in overall prevalence of H. pylori

from 44% in 1995 to 13% in 2005 (86).

1.1.6.2 Prevalence in developing countries

The prevalence of H. pylori infection in developing countries is higher than
in developed countries and may exceed 90%. The highest prevalence rate was
observed among adults in Iran, Bangladesh and Egypt (Table 1.3). In developing
countries, H. pylori infection is generally markedly more prevalent at younger ages
than in developed countries, even before age 2. In Bangladesh, the prevalence of
the infection was 50% in children under 2 years (87). In Asian countries that have
recently become industrialized, the seroprevalence rates were high but still
considerably lower than less developed countries. In addition, the infection rate has
started to decline among younger populations to a similar infection rate as what is
currently observed in developed countries (88). Among East Asian countries, the
overall prevalence rate was 63.4% in China (77), 51.3% in Japan (89), 59.6% in
South Korea (90) and 54.7% in Taiwan (91).

1.1.6.3 Prevalence in indigenous populations

The WHO defines indigenous populations as “communities that live within,
or are attached to, geographically distinct traditional habitats or ancestral territories,
and who identify themselves as being part of a distinct cultural group, descended
from groups present in the area before modern states were created and current
borders defined. They generally maintain cultural and social identities, and social,
economic, cultural and political institutions, separate from the mainstream or
dominant society or culture.” (92). They constitute about 5% of the world
population in more than 70 countries (93). The Aboriginal people in Canada are the
indigenous people who are identified as descendants of the first inhabitants of North
America (94). The 2011 Canada census identified 1,400,685 people as Aboriginal,
representing 4.3% of the total Canadian population. They are comprised of the First
Nations, Inuit and Métis peoples (95). The overall prevalence of H. pylori is high
(50-80%) among Aboriginal populations and is similar to that observed in

developing countries. In 1999, 95% of residents of the Wasagamack First Nation
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people in Northern Manitoba were found to be seropositive for H. pylori
(96). Another study that same year on Inuit communities in Chesterfield Inlet and
Repulse Bay reported the seroprevalence rate to be 51% (97). In 2008, 58% of
residents of Aklavik, NWT tested positive for H. pylori infection by UBT (98). A
study on First Nation populations in Northwest Ontario in 2013 reported prevalence
rate of 37.9% for H. pylori infection based on histology (99). High prevalence rates
(47-80%) have also been observed in northern Aboriginal communities outside

Canada such as Greenland, Russia and Alaska (100).

1.1.6.3.1 The Aboriginal community of Aklavik

1.1.6.3.1.1 Demographics

In 2012, the total population of Aklavik was 628, according to the NWT
Bureau of Statistics, of which 52% were males and 48% were females (101). The
majority of Aklavik residents are of Aboriginal origin (91.6%, 575/628) (101) and
are mainly Dene First Nation and Inuit. Generally, the western Canadian Inuit are
Inuvialuit and their communities are located in the NWT (98). Over 12 years (2001-
2012), the average annual % growth was -0.4% (Figure 1.1). In 2012, the age of
about two third of the population was between 15 and 59 years, 21.6% were under
the age of 15 years while 12.2% were over 60 years (Figure 1.2). Although the
average life expectancy at 65 years was 81.1% in Canada (2007-2009), it was only
75.1% in Yukon, NWT and Nunavut (102). The percentage of households with 6
or more peoples declined from 27.3% in 1981 to only 4.4% in 2011.

In Aklavik, the major traditional activities are hunting, fishing and trapping.
In addition, there are other minor activities including art and craft making (101).
Similar to other small communities in NWT, Aklavik suffers from poor housing,
water and sanitation, as well as unemployment (103). Education levels are low
when compared to other communities across Canada; the 2006 high school
graduation rate was 76% across Canada but it was only 38.6% in Aklavik (101).
Although Aklavik has an Anglican school that offers education to students
kindergarden to grade 12, Aboriginal youth have problems completing their formal

education due to lack of continuity with informal traditional education. Moreover,
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children may miss days of school when they participate in traditional activities such
as hunting trips (104). In 2009, the employment rate was 21% among people who
have less than high school diploma and 59.7% among people who have a high
school diploma or higher. The employment rate was 32.7% among Aboriginals and
72.9% among non-Aboriginals (101). The higher employment rate observed among
non-Aboriginals may be due to the fact that they settle in the community working

as school teachers and nurses.

1.1.6.3.1.2 Gastric cancer concern

Residents of Aklavik have long been concerned about the perceived increased
incidence of gastric cancer among their families, and were aware of the association
between H. pylori infection and gastric cancer (98). Between 1992 and 2000, the
age-adjusted gastric cancer incidence rate among men in Northwest Territories was
2 times higher than the rate in men across Canada (103). In addition, gastric cancer
was the second most frequently diagnosed cancer in Inuit men and the third most
frequently diagnosed cancer in Dene First Nations men, although it ranks the 10"
in men across Canada (103). Moreover, Aklavik is a home for number of
immigrants from Alaska where high rates of gastric cancer have been previously

reported (98,107).

1.1.6.3.1.3 Aklavik H. pylori project

The Aklavik H. pylori project started in 2007 to address community concerns
regarding H. pylori infection. The project was initially developed by the Canadian
North Helicobacter pylori (CANHelp) Working Group, to investigate the health
burdens associated with H. pylori infections in Aklavik. The CANHelp Working
Group is a collaborative team of health care professionals, Aboriginal government
representatives, the Aklavik Health Committee, and University of Alberta
researchers. The main goals of the project are to identify the level of H. pylori
infection within Aklavik, to improve clinical management and reduce health risks.
In 2008, 58% of residents of Aklavik tested positive for H. pylori infection by UBT
(98). Gastric biopsies were taken from 194 research participants, 66% of which

were positive for H. pylori infection by histology. Among H. pylori positive
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participants, the prevalence rates were 94% and 100% for acute and chronic
gastritis respectively indicating that the local concern about H. pylori infection is
warranted (105).

The Aklavik H. pylori project is a community driven research project that
includes community partnerships. The project has a knowledge dissemination
component that shares knowledge with community members. The benefits from
such component include direct access to the community, generating new research
questions or modifying others based on community needs. In addition, community
partners have a better understanding of the scientific process and researchers have
a better knowledge of community needs creating an atmosphere of cooperation that

finally maximizes community benefits (108).

1.1.7 Virulence factors

Although H. pylori infection is highly prevalent worldwide, the majority of
infected individuals are asymptomatic. Persistent colonization results in chronic
gastritis in almost all infected individuals. However, 80-90% of them will never
develop any symptoms. It is estimated that only 10-15% of infected people are at
risk to develop peptic ulcer disease, 1-2% are at risk to develop gastric cancer, and
very small proportion (< 0.1%) are at risk to develop MALT lymphoma (23,109-
111). The clinical outcome depends on various host, pathogen and environmental
factors (112). Host immune gene polymorphisms such as interleukin-1 gene cluster
and gastric acid secretion determine the pathogen's ability to colonize the stomach
and establish a clinical condition (3,113). It is proposed that the specific
characteristics of H. pylori strains may play a role in clinical outcomes of infection.
H. pylori virulence factors such as the cytotoxin-associated gene encoded protein
(CagA), the vacuolating cytotoxin (VacA), the blood group antigen binding adhesin
(BabA) and urease aid in gastric colonization and subsequently seem to modulate
the host's immune system resulting in a condition of inflammation and development
of active disease (114-116). Several environmental factors such as socioeconomic
status, ethnicity, smoking and alcohol consumption may play a role in clinical

outcomes of the infection by affecting the host immune response (117). In the past
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few years, many H. pylori virulence factors have been described that explain the
ability of this pathogen to survive and colonize in the extremely hostile acidic
condition of the stomach. VacA, CagA, BabA, and urease have been reported to be

major virulence factors of H. pylori (118).

1.1.7.1 cytotoxin associated gene pathogenicity island (cagPAl)

The cagPAl is a 40-kb DNA segment that was horizontally acquired into the
H. pylori genome (Figure 1.3) (119). It contains 27 to 31 genes (the number of
genes may vary in different strains), including the cagA gene at one end, and 18
genes encoding proteins that serve as building blocks for a type IV secretion system
(TFSS), which is a syringe-like structure capable of penetrating gastric epithelial
cells and injecting the CagA protein into host cells (Table 1.4) (119). H. pylori
strains are classified into two main categories; type I and type II, based on whether
or not they express the CagA and the VacA proteins (120). Type I strains can
express both proteins and were frequently isolated from patients with duodenitis,
duodenal ulcers, and gastric tumors which suggests that CagA and VacA are

important virulence factors (120,121).

1.1.7.1.1 Phosphorylation of CagA

When CagA is delivered from H. pylori into the gastric epithelial cells, it
undergoes tyrosine phosphorylation by Src (tyrosine-protein kinase) family kinases
(SFKs) kinases such as c-Src (carboxy-terminal tyrosine-protein kinase), Fyn
(proto-oncogene tyrosine-protein kinase encoded by fyn gene), Lyn (tyrosin protein
kinase encoded by /yn gene), and Yes (proto-oncogene tyrosin-protein kinase
encoded by yes! gene) (122). SFKs are constitutively activated in gastric epithelial
cells and so phosphorylation of CagA by SFKs can occur in the absence of any

external stimuli (123).

1.1.7.1.2 Site of CagA phosphorylation
CagA is phosphorylated at the carboxy (c)-terminal variable region on
tyrosine phosphorylation motifs containing the glutamic acid-proline-isoleucine-

tyrosine-alanine (EPIY A) amino acid sequence (123). The EPTY A motif is present
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in multiple copies in the C-terminal polymorphic region of CagA and therefore
called the EPIY A repeat region. There is a high diversity in the nucleotide sequence
of cagA in the EPIY A-repeat segment. The EPIY A motifs are defined as EPTY A-
A, -B -C, and -D, according to the amino acid sequence that surrounds the EPTYA
sequence (Table 1.5) (124). The CagA protein species nearly always contain
EPIYA-A and EPIYA-B sites, followed by one to five repeats of EPIYA-C in
Western-type H. pylori isolates or EPIYA-D site in East Asian-type isolates
(Figure 1.4). SFKs can only phosphorylate CagA on one or two EPIY A-C motifs,
but never on 3 motifs at the same time (125). It is proposed that as the number of
C repeats increases, the virulence of the CagA increases (126). Also, East Asian
CagA containing EPIYA-D was associated with more inflammation and atrophy

than Western CagA (127).

1.1.7.1.3 Actions of phosphorylated CagA

Phosphorylated CagA alters the signal transduction pathway and induces a
growth factor like response leading to cytoskeletal rearrangement in gastric
epithelial cells (Figure 1.5) (122). It interacts with SHP-2, a host cytoplasmic non-
receptor tyrosine phosphatase, resulting in a conformational change in SHP-2 and
inhibition of its phosphatase activity, leading to “a hummingbird” phenotype,
which is a morphological change observed in AGS cells (human adenocarcinoma
epithelial cell line) (128). Phosphorylated CagA can also cause negative feedback
regulation of CagA phosphorylation by interacting with the c-Src kinase, which
results in inhibition of Src kinase activity, thus attenuating the tyrosine
phosphorylation of CagA. This inhibition mechanism is likely to contribute to a
balance between CagA toxicity and the host to avoid excessive CagA-associated

toxicity (129).

1.1.7.1.4 Phosphorylation independent actions of CagA

In addition to the phosphorylated CagA actions, CagA possesses
phosphorylation-independent activities that are involved in cell growth, motility
and proinflammatory responses associated with development of chronic gastritis

and gastric cancer (130). CagA interacts with the c-Met (a proto-oncogene that
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encodes for a protein known as hepatocyte growth factor receptor), causing
activation of B-catenin and NF-kB (nuclear factor kappa-light-chain-enhancer of
activated B cells) signalling, which promotes proliferation and inflammation (130).
Non-phosphorylated CagA has been reported to bind to Grb2 (growth factor
receptor-bound protein 2), which is an adaptor protein. The CagA-Grb2 interaction
is involved in a phenomenon known as “scattering” phenotype, which is increased
cell motility. Upon complex formation with Grb2, CagA promotes proliferation of

gastric epithelial cells through activation of the Ras pathway (131,132).

1.1.7.1.5 CagA and development of gastric cancer

Development of gastric cancer is a prolonged process that requires many
steps involving both quantitative and qualitative alterations in the expression of
oncogenes and tumor suppressor genes (114). Long-term exposure to CagA may
have a role in the development of gastric cancer. This role may occur as a result of
the interaction of CagA and SHP-2. The CagA-SHP-2 complex is primarily
detectable in atrophic gastric mucosa, which may proceed to intestinal metaplasia
(129). The interaction between CagA and SHP-2 has certain effects on SHP-2
function which are similar to those caused by certain mutations in PTPNI]
(tyrosine-protein-phosphatase non-receptor type 11), the gene encoding SHP-2,
which have been associated with the development of human cancers such as acute
myeloid leukemia and neuroblastoma (132,133). In addition, chronic infection with
CagA-positive H. pylori may lead to chronic inflammation which promotes gastric
cancer by disturbing the balance in IL-6-signaling pathways (134). Balanced IL-6
signaling is required to maintain gastric homeostasis. In absence of such balance,
increased STAT 1 (signal transduction and transcription) regulated genes may
occur which lead to the development of antral tumors with inflammation and
ulceration in experimental mice models (135). Although many published studies
found a significant correlation between infection with CagA positive H. pylori and
occurrence of gastric cancer (136), other studies failed to detect such relationship

(137).
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1.1.7.2 Vacuolating cytotoxin (VacA)

The VacA cytotoxin belongs to the AB group of toxins in the same category
as cholera toxin, which are made up of two subunits; an A-subunit, responsible for
enzymatic activity, and a B-subunit, responsible for recognizing and binding to
receptors on the surface of target cells (138). VacA is considered to be a
multifunction cytotoxin as it induces in vitro cytoplasmic vacuolation in epithelial
cells, disrupts mitochondrial functions and stimulates apoptosis (139). This toxin
was found to cause gastroduodenal damage in a mouse model and to increase
gastric ulcer risk in H pylori—infected Mongolian gerbils (140).

VacA is encoded by vacA gene, which is present in the majority of H. pylori
strains, but it does not always induce vacuolation (115). This suggests that genetic
polymorphism within vac4 may affect the ability of the strain to induce vacuolation
(141). Two major polymorphic regions have been identified within vacA: the signal
region (s/ or s2) and the midregion (m/ or m2) (142). vacA type s1/ml strains were
reported to be the most virulent strains, those with s//m2 were found to be less
virulent strains while the least virulent stains were those with s2/m2 type (143-145).
A new vacA polymorphic site, designated as the intermediate (i) region, was
recently identified with the possibility of two sequence types (i/ and i2). It was
reported that the i/ type was strongly associated with gastric adenocarcinoma
(146,147). This association is controversial as another study reported that vacA
s/i/m genotypes failed as a marker for clinical outcomes in the East Asian and

Southeast Asian countries where gastric cancer is a major clinical problem (148).

1.1.7.3 Blood group antigen binding adhesin (BabA)

H. pylori colonises the gastric mucosa by penetrating the mucus layer lining
the gastric epithelium and adhering to the gastric mucosa (149). BabA is thought to
contribute to the ability of H. pylori to adhere to the gastric mucosa (150). Adherent
bacteria are proposed to have a better growth profile and colonization ability as they
are closer to the gastric epithelium and so they are closer to the source of nutrition
(151). In addition, adherent bacteria are more protected from being washed out by

the gastric peristaltic movement and from the high acidity of the gastric fluid.
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Furthermore, adherent bacteria are better able to deliver their virulence products,
such as CagA and VacA to the host, which ultimately will lead to more
inflammation to the host and better survival of the bacteria (151). Inflammation and
toxins cause more tissue damage leading to disruption of epithelial cell junctions
and leakage from blood vessels, which provides more nutrients to H. pylori (152).

BabA adherence is mediated through the fucosylated Lewis b (Le®) blood-
group antigen (153). Fucosylation was also reported in H. pylori and is mediated
by fucosyltransferases; enzymes, which catalyze the transfer of a fucose group from
donor guanosine-diphosphate fucose to acceptor molecules such as
oligosaccharides, glycoproteins and glycolipids (154). Fucosylation is more
common in eukaryotes than prokaryotes. Several bacterial fucose transferases have
been identified in E.coli, Salmonella enterica, Yersinia enterocolitica and H. pylori.
However, of those enzymes, only H. pylori fucosyltransferases have been
extensively studied and functionally characterized (155). Fucosylation results in
molecular mimicry between H. pylori lipopolysaccharide and host glycoconjugates,
which helps H. pylori to evade host immune responses (156). H. pylori strains were
classified according to Le antigen expressions into type I strains (< 5%) which can
express Le* and Le®, and type II strains which can express Le* and Le”. It was
reported that H. pylori can alter its Le antigen phenotype to match the Le antigen
phenotype of its host (157).

BabA has the ability to adapt to the fucosylated blood group antigens that
are most prevalent in the local population. Strains expressing BabA are classified
into two main types; generalist stains and specialist stains depending upon the blood
group antigens they bind to. In Europe and the United States where all blood group
phenotypes exist, the H. pylori strains (generalist strains) bind to blood group A, B,
and O determinants (158). However, in populations such as the indigenous South
American native population, which only has the blood group O phenotype, the H.
pylori strains (specialist strains) bind only to the blood group O determinants (159).
Three different bab alleles have been identified babAl, babA2, and babB. babAl
lacks the translational initiation codon while both babA2 and babB encode

homologus proteins which have polymorphic midregion sequences. Only BabA,
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not BabB, mediates Le® binding (153,160). H. pylori strains expressing BabA
together with the CagA and VacA sl are associated with severe gastric diseases
such as peptic ulcer and gastric adenocarcinoma (116,151). However, other studies
reported high prevalence of hab42 gene with no correlation to clinical outcomes
(161,162). Since Le is not expressed in all humans, other adhesins may be involved
in H. pylori adhesion (Table 1.5) such SabA (sialic acid-binding adhesin) and SabB
(163), HopZ (H. pylori outer membrane protein) (164), and AlpA and AlpB

(adherence associated lipoprotein) (165).

1.1.7.4 Urease

Urease is a large molecular weight (550 kDa) metalloenzyme, which
constitutes about 10% of total H. pylori protein (166). Urease is encoded by urease
genes which are localized to a 34 kb portion of H. pylori chromosome. The urease
genes are composed of structural (ured, ureB), regulatory (ureC, ureD) and
accessory (urel, ureE, ureF, ureG, ureH) genes (167). The two structural genes,
ureA and ureB, are highly conserved in different H. pylori strains. UreB subunit is
the active site of the enzyme; the site where the substrate binds leading to catalysis
(Figure 1.6) (168).

Urease 1s a vital enzyme for H. pylori colonization. It catalyzes the hydrolysis
of urea to form carbon dioxide (CO;) and ammonia (NH3), which neutralizes the
gastric acid, thereby allowing H. pylori to grow. Both ammonia and bicarbonate
produced by H. pylori play a role in H. pylori pathogenesis. Ammonia is thought to
have a cytotoxic effect on gastric epithelial cells by impairing mitochondrial
respiration and energy metabolism (169), whereas bicarbonate is thought to
suppress peroxynitrite, a nitric oxide metabolite that has a bactericidal effect (170).
In addition, urease itself has a potent immunogenic effect as it stimulates the
inflammatory response by recruitment of leukocytes and triggering of the oxidative
burst in neutrophils (171). Moreover, H. pylori urease B subunit binds to CD74
(class II MHC) on gastric epithelial cells leading to NF-xB activation and IL-8
Production (172).
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Urease is essential for H. pylori colonization. A urease-negative mutant of
H. pylori, constructed by allelic exchange mutagenesis, lacked the ability to
colonize the stomach of nude mice (173). Similar results were observed for
gnotobiotic piglets infected with urease negative H. pylori, which illustrate the
importance of urease for H. pylori colonization (174). Urease inhibitors, such as
acetohydroxamic acid, have been studied for possible use in treating H. pylori
infections (175). A follow up study incorporated acetohydroxamic acid into gellan
based floating beads to achieve controlled and sustained drug release (176).

However, in vivo studies have not yet been reported.

1.2 Genetic transformation of H. pylori

H. pylori has acquired a great proportion of its genetic diversity through the
acquisition of DNA sequences from other related organisms. Gene transfer results
in a continuously changing genome in which new DNA sequences are either
introduced into or deleted from the chromosome. Gene transfer adapts H. pylori to
new environments and greatly enhances its pathogenicity. The cagPAl is an
example of such adaptation as it was horizontally acquired into the H. pylori

genome (177).

1.2.1 Natural transformation

H. pylori has high level of genetic diversity and plasticity as most wild-type
strains are naturally competent for transformation. Naturally competent bacteria are
able to take up foreign DNA (plasmid or chromosomal DNA). Plasmids are self-
replicating DNA and so H. pylori can replicate plasmids once they are inside cells.
However, chromosomal DNA must be integrated into the chromosome to be
replicated. H. pylori is naturally competent for both plasmid and chromosomal
DNA (178). It was proposed that the natural competence occurs through T4SS as
H. pylori has two independent T4SS; the classical T4SS which is encoded by the
genes in the cag pathogenicity island and the ComB system (179). More recently,
it was found that certain H. pylori strains can harbor up to four T4SSs in their
genome (cag-T4SS, ComB, tfs3, tfs4) and so indigenous plasmids can be efficiently

transferred between H. pylori strains either by natural transformation or
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conjugation (180). H. pylori natural transformation occurs through the actions of
proteins encoded by the comB locus which consists of four genes with partially
overlapping open reading frames, orf2, comB1, comB2 and comB3 (181). However,
for a better correlation with the Arogobacterium tumefaciens VirB components, the
first T4SS to be described, it was proposed that comB1, comB2, and comB3 should
be re-named as comBS8, comBY9, and comB 10, respectively. In addition, orf2 is now
named as comB7 (182). ComB dependent natural transformation does not have the
same efficiency in different strains. Furthermore, the system can be saturated and
depends on the length, symmetry and whether the DNA is single or double stranded
(183).

1.2.2 Conjugation

Conjugation refers to the horizontal transfer of genetic materials between
cells by direct cell-to-cell contact through the formation of pili. Conjugation was
first described in H. pylori back in 1998 when the transfer of a plasmid carrying
kanamycin resistance cassette was observed between H. pylori cells even when the
culture treated with DNase I (184). On the other hand, the transfer was completely
abolished by the presence of both DNase I and a membrane separating the cells
(184). Later on, the genes essential for plasmid conjugation were identified,
conjugal transfer protein gene (fraG) and relaxase gene (r/x/), and it was found that
they act independent of T4SS (185). More recently, it was reported that ComB
T4SS can also accomplish conjugative DNA transfer. Two conjugative DNA
transfer were identified, one mechanism depends on relaxase (plasmid
mobilization) and the other mechanism is completely independent of relaxase, and

any T4SS (180).

1.2.3 Electroporation

Electroporation involves the application of high-intensity electric fields of
short duration to increase the permeability of biomembranes reversibly and to allow
DNA entry. The amplitude and duration of the electric charge are important, and
optimal values may differ from one type of bacteria to another (186). Segal was

able to transform H. pylori by electroporation at a transformation frequency more
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than 10° transformants per ng DNA by using electric voltage which is higher than
that used to transform E. coli (187).

Plasmids are classified into conjugative (transmissible on their own),
mobilizable (transmissible in the presence of a helper plasmid) or non-mobilizable.
Mobilizable plasmids have genes that code for oriT (origin of transfer), relaxases
and coupling proteins but lack genes that code for mobilization (188).
Electroporation was found to be the only way to transform plasmid-free H. pylori
with mobilizable or non-mobilizable plasmids. On the other hand, plasmid-
containing strains can be transformed by natural competence (189). Liposomes
were studied as a possible means to improve the electroporation efficiency of E.
coli. DOTAP® [1,2-bis (oleoyloxy)-3-(trimethylammonio) propane], a cationic
liposome, was found to be successful in inducing E.coli transformation without
electroporation by enhancing DNA delivery and protecting DNA from degradation
by DNases (190). The use of DOTAP® to improve the electroporation efficiency or

to induce transformation in H. pylori was not previously investigated.

1.3 Gene silencing

Gene silencing is the process by which a gene is switched off without gene
manipulation and may occur by transcriptional gene silencing or post-
transcriptional gene silencing. Transcriptional gene silencing refers to gene
silencing occurring through repression of transcription (191). siRNAs (short
interfering RNA) targeting gene promoters can result in gene silencing in human
cells. However, it is unclear whether the antisense strand of the siRNAs binds
directly to DNA or to the RNA transcript (192). During the 1990s, a number of
gene-silencing phenomena that occur at the post-transcriptional level were
discovered in plants, fungi, animals, ciliates and bacteria, opening the gate for a

new concept of post-transcriptional RNA silencing (193).
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1.3.1 Gene silencing in bacteria

1.3.1.1 Naturally occurring gene silencing

Bacteria have the ability to survive in extreme environmental conditions
including wide variations in pH values, temperatures and osmotic pressure. An
important feature of pathogenic bacteria is their ability to adapt and thrive in
multiple environments. Noncoding RNA is reported to play an important role in the
regulation of expression of bacterial virulence factors (194). Interfering RNAs may
be either cis- or trans- encoded.

The cis-encoded RNAs are encoded at the same genetic location, but on the
opposite strand to the RNAs they act upon, and therefore contain perfect
complementarity nucleotide sequences to their targets (195). The majority of cis-
encoded RNAs were discovered in plasmids, transposons and bacteriophages (196).
More recently, a few of them were found to be associated with bacterial
chromosomes such as those discovered in E. coli and B. subtilis. The main
biological functions of cis-encoded RNAs associated with plasmids are replication,
conjugation and ion transport control (197). Transposons-encoded RNAs were
linked to transposition control, while phage-encoded RNAs were linked to the
lysis/lysogency switch and superinfection override (195). A cis-encoded antisense
small RNA that regulates the expression of H. pylori ureB gene was recently
discovered. The sRNA-mediated downregulation of urease facilitates gastric
colonization over a wide range of intragastric pH (198).

The trans-encoded RNAs are encoded at a chromosomal location distinct
from the RNAs they act upon and generally do not exhibit perfect base-pairing
potential with their targets. They are more abundant in Gram negative bacteria than
Gram positive bacteria (199). In addition, there is a distinct variation in the mode
of action between the trans-encoded RNAs from these two groups of bacteria (200).
While the majority of Gram negative trans-encoded RNAs need Hfq (host factor
Q) protein for their stability or RNA interaction, the function of that protein in Gram

positive bacteria is not clear (201).
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1.3.1.2 Experimental gene silencing in bacteria

RNA interference has been used as a possible means by which the sensitivity
to antimicrobials can be enhanced. Antisense peptide nucleic acid (PNA) targeting
the CmeABC multidrug efflux transporter in Campylobacter jejuni rendered C.
Jjejuni isolates more susceptible to ciprofloxacin and erythromycin (202). Another
study investigated the possibility of downregulating YidC; a membrane protein that
translocates and inserts other proteins into the membrane. It is a conserved protein
and has been reported to be essential for E. coli growth. Eugenol (a phenylpropene)
and carvacrol (monoterpenoid phenol) can be extracted from several essential oils
of plant origin and have antibacterial activity against a number of Gram negative
and Gram positive pathogenic bacteria (203). Enhanced antibacterial activity of
eugenol and carvacrol was reported against E. coli treated with YidC antisense RNA
(204). Antisense DNA targeting the oprM gene of multidrug resistant P.
aeruginosa increased its susceptibility to pipracillin due to impaired multidrug
efflux system (205).

RNA interference alone was also investigated as antimicrobial agent by
interfering with the expression of vital proteins. Targeting methicillin-resistant
Staphylococcus aureus (MRSA) coagulase with siRNA, delivered by natural
competence, inhibited both mRNA expression and the activity of MRSA coagulase
in vitro. The treatment was effective in reducing the bacterial load in a murine
model of haematogenous pulmonary infection (206). An antisense RNA targeting
alkyl hydroxyperoxide reductase (4hpC) gene of H. pylori achieved 72%
knochdown of AhpC expression (207). Since gene silencing was possible in both
Gram positive and Gram negative bacteria, including H. pylori, it may be a useful
strategy to downregulate H. pylori essential genes and interfere with its survival in

gastric mucosa.

1.4 Treatment
Since its discovery in 1982, eradication was the ultimate goal for the
treatment. Several antibiotics and treatment regimens were tried but 100%

eradication rate has never been achieved. Treatment may be unsuccessful due to

23



antimicrobial resistance, (208) re-infection (209), patient compliance and the high
cost of currently used drugs (210). The three treatment regimens that are commonly
used for the treatment are triple (3 drugs) therapy, sequential therapy and quadruple
(4 drugs) therapy.

1.4.1 Triple therapy

In triple therapy, a proton pump inhibitor (PPI) (lansoprazole, omeprazole,
pantoprazole, rabeprazole, or esomeprazole) with amoxicillin and clarithromycin
or metronidazole are taken for 7 to 10 days. Most recent guidelines do not support
the use of the triple therapy as first line treatment (52). Treatment failures with the
triple therapy have been reported in many countries due to increased resistance to
clarithromycin and metronidazole. Moreover, treatment failure may be observed
independent of antimicrobial resistance, such as with amoxicillin where treatments
fail even though H. pylori is susceptible to amoxicillin (211). A meta-analysis that
was published in 1999 including more than 53,000 patients showed that the
eradication rate is <80 % (212). More recent studies showed even lower eradication
rates. A 10-year follow up study in Turkey showed a decline in the eradication rate
with triple therapy from 79.4% to 68.8% (213). In Aklavik NWT, where there is
high prevalence of H. pylori infection, triple therapy had a 59% eradication rate
(214). H. pylori resistance rates to clarithromycin have been reported to range from
2.5-48.2%. The highest prevalence was observed in Turkey, while the lowest
prevalence was observed in Brazil (Table 1.7). The resistance to metronidazole is
higher than clarithromycin and is continuously increasing. The resistance rates have
been reported to range from 19-64% where the highest prevalence was observed in
Iran and China. Resistance to amoxicillin was reported in China and Iran at low
rates (0.3 and 2.5% respectively) (215,216) as H. pylori lacks B-lactamase activity,
the main mechanism for amoxicillin resistance (217). However, a recent study
reported a 12.2% resistance rate among H. pylori isolated from Israeli children

although the resistance rate was much lower among adults (2.3%) (218).

24



1.4.2 Sequential therapy

Sequential therapy is a 10-day course that includes a 5-day treatment with
PPI + amoxicillin, followed by another 5-day treatment with PPI + clarithromycin
+ tinidazole or metronidazole. Tinidazole is chemically similar to metronidazole
and has the same toxicity and side effects. A study that was done in Italy reported
no difference in efficacy between the two drugs (219). Amoxicillin acts by
inhibiting cell wall synthesis, weakens bacterial cell walls and enhances the uptake
of other antibiotics into H. pylori (220). Many studies compared the eradication rate
of sequential therapy to that of standard triple therapy. Most of these studies
reported better eradication rates with sequential therapy (91.3%), and
recommended the use of sequential therapy instead of triple therapy as first line
option for H. pylori treatment (221). In Aklavik, NWT the eradication rate with
sequential therapy was 73% (214). A recent study in Korea reported 75.9%
eradication rate with sequential therapy and 58.7% with triple therapy (222). The
study recommended considering other treatment regimens like the quadruple
therapy because sequential therapy did not offer a satisfactory eradication rate
(222). Another study reported no significant difference between eradication rates
achieved by triple and sequential therapies due to antimicrobial resistance (223).
All the above studies reported no significant difference in side effects between the
two regimens. Sequential therapy has now replaced triple therapy as a first line
option for H. pylori treatment with quadruple therapy reserved in case of treatment

failure (224,225).

1.4.3 Quadruple therapy

Quadruple therapy is composed of a combination of bismuth subcitrate
potassium, metronidazole, tetracycline, and omeprazole (226). It is considered to
be an acceptable second line choice for H. pylori treatment in areas where there is
high level of clarithromycin resistance (>15-20%) (227). European investigators
conducted an industry-sponsored, open-label, randomized phase III trial involving
438 patients in 39 different sites in Europe with H. pylori infection (228). Patients
received either quadruple therapy for 10 days or standard triple therapy for 7 days.
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Successful eradication of H. pylori infection was confirmed by urea breath tests.
The eradication rate was higher in the quadruple therapy group than in the standard
triple therapy group (80% vs. 55%; p < 0.0001) (228). A recently published meta-
analysis showed high efficacy for 10 days quadruple therapy when compared to 7
days triple therapy. However, the 7 or 10 days quadruple therapy or triple therapy
yielded similar eradication rates. Compliance and side effects were similar in both

therapies (229).

1.4.4 Vaccination

1.4.4.1 Challenges in vaccine development

Because of the high prevalence of H. pylori infection in developing countries
and the continuously declining eradication rates, mass vaccination may be an ideal
strategy for controlling H. pylori infection. Efforts to develop a vaccine began in
the 1990s (230,231). However, the progress in that field is relatively slow as there
is lack of certainty regarding whether a vaccine is needed, especially with the
decline in H. pylori prevalence in developed countries, although there are remote
areas in developed countries where there is high prevalence of H. pylori infection
similar to that observed in developing countries. A vaccine is also controversial
because a number of researchers have linked H. pylori eradication with the
increased incidence of some extra gastric conditions such as gastroesophageal
reflux disease, Barrett esophagus, and esophageal adenocarcinoma (232).

Several efforts were directed towards the development of a prophylactic and
therapeutic vaccine against H. pylori. The prophylactic vaccine would be very
useful to protect children from getting infected, especially in areas where there is
high prevalence of H. pylori infection. On the other hand, a therapeutic vaccine
would be ideal for those who are infected to eradicate H. pylori and protect them
from reinfection. To date, most of the trials in that field have had limited success.
Complete sterilizing immunity in experimental animals was rarely achieved. This
may be due to the fact that neither the optimum antigenic composition nor the major
protective mechanisms in the human body were identified. The immune response

that is required for H. pylori vaccination remains poorly understood. Previous
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studies in animal models reported that the production of antibody in the stomach
(IgA) did not protect against H. pylori infection (233,234). In contrast, major
histocompatibility complex (MHC) Class II T-cells such as T-helper 1 (Th1), Th2
and Th17 cells are important in mediating immunity in mice (235). However,
chronic infection by H. pylori is associated with robust immune and inflammatory
responses, which are rarely successful in eradicating the organism. Moreover, there
is no complete agreement regarding the best adjuvant or route of administration

(236).

1.4.4.2 Antigenic composition of vaccines

A number of antigens have been selected to be putative components of a
vaccine. They include the flagellar antigens FlaA and FlaB which are important for
bacterial motility (237), as well as several adhesins, such as BabA, SabA and AlpA,
which are important for bacterial attachment to the gastric mucosa (238). Others
include subunits of urease (UreA and UreB), which are vital for H. pylori survival
in an acidic medium (230,231), toxins such as CagA, VacA and NAP (neutrophile
activating protein) (239), or outer inflammatory protein (OipA), which are

considered to be important H. pylori virulence factors (240).

1.4.4.3 Vaccine trials

In the literature, there are several vaccine trails in experimental animal
models; however, there are limited trials in human volunteers (Table 1.8). Mori et
al. were able to incorporated FlaA into a chimeric flagellin in which both terminal
segments of H. pylori flagellin were replaced by Toll like receptor (TLR 5)-
activating flagellin from FE.coli. The designed chimeric protein was able to
significantly increase serum IgG and IgA antibody response in mice without an
adjuvant and so was considered as self-adjuvanting vaccine (237). In 2011, Moss
et al. developed a multi-epitope vaccine in a DNA-prime/peptide boost approach
that was administrated intranasally or intramuscularly to H. pylori infected mice
(241). The vaccine induced IFN-y production, and led to a sterilizing immunity 32
weeks after administration in 5 of 19 mice (241). Another promising study done at

that year investigated the use of a measles virus vaccine encoding the H. pylori
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neutrophil activating protein. The designed vaccine was able to induce a robust
antibody- and cell-mediated immune response in mice against H. pylori (242). Guo
L et al. constructed a fusion protein of cholera toxin B subunit and an UreA epitope
of H. pylori to be used as a vaccine. The fusion protein had good immunogenicity
and could induce a significant increase in the level of specific IgG (p <0.001), but
no animal studies were performed to assess the prophylactic and therapeutic effect
of the vaccine (243). The first clinical trial in healthy human volunteers was
published in 2008. Fifty eight volunteers were immunized orally with Salmonella
enterica serovar Typhi (Ty21a) that expressed H pylori urease, or with Ty21a only
(control group), and then challenged with 2x10° cagPAl (-) H pylori. Although the
vaccine developed T cell-mediated immune response, it was ineffective, as all
volunteers developed H. pylori-induced gastritis (244). Another study published
that year reported safety and immunogenicity for an intramuscular injection of H.
pylori vaccine containing CagA, VacA and NAP to fifty seven human volunteers,
but the efficacy of the vaccine was not tested (245). A recent randomised, double
blinded, placebo-controlled vaccine trial demonstrated safety, efficacy and
immunogenicity of an oral recombinant vaccine in children in china. The vaccine
utilized urease B subunit fused with heat-labile enterotoxin B subunit and showed
72% efficacy following one year follow up (246).

In conclusion, some progress has been developed in the field of vaccine
production in the last few years. Several new approaches have been attempted and
more work has been directed towards understanding the mechanisms of immunity

against H. pylori, which may support the development of a new vaccine.

1.4.5 Novel treatment approaches

The increased reports of treatment failure and antibiotic resistance attract
attention for novel treatment approaches. One strategy is to improve the stability
and delivery of currently used antibiotics by incorporating them into liposomes.
Jain et al., were able to design polyelectrolyte coated multilayered liposomes
(nanocapsules) loaded with metronidazole and amoxicillin (247). The designed

liposomes were able to prolong drug release in simulated gastric fluid and eradicate
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H. pylori from infected Balb/c mice (247). Another group of researchers was able
to incorporate amoxicillin trihydrate and ranitidine bismuth citrate into double
liposomes to be used as a dual drug delivery system against H. pylori. Double
liposomes were prepared in two steps; in the first step inner liposomes containing
one drug were prepared by thin film hydration and sonication, then double
liposomes were prepared by hydrating a thin film of lipids containing the other drug
with a suspension of inner liposomes (248). A recently published study designed
nanolipobeads based on a dual drug delivery system for H. pylori targeting (249).
Targeted liposomes have also been designed to improve the delivery of ampicillin
and metronidazole to H. pylori and not to other bacteria in the stomach or
gastrointestinal tract. Targeting was achieved by incorporating a neoglycolipid with
a structure similar to Le® that can bind the BabA protein (250). However, the
previously mentioned antibiotic-loaded liposome-based drug delivery systems may
not be sufficient to eradicate multidrug resistant H. pylori especially if the
susceptibility cannot be improved by enhancing drug delivery to H. pylori (251).
For that reason, more research should be directed towards developing novel
therapies that do not rely on current antibiotics or their derivatives. Two articles
have investigated the possibility of using novel treatments. The first article was
published in 2004 and investigated the incorporation of acetohydroxamic acid, a
urease inhibitor, into lipobeads to be used for H. pylori treatment (175). The second
article studied the antibacterial activities of liposomal linolenic acid against
antibiotic resistant H. pylori. The liposomal formulation did not incorporate any
current antibiotics and was effective in killing both spiral and coccoid forms of a

metronidazole resistant H. pylori strain (252).

1.5 Liposomes

Liposomes are nanosized artificial spherical vesicles that consist of
phospholipid bilayers. Since their first discovery by Alec D. Bangham, they have
attracted attention as potential carriers for many bioactive molecules (253). When
phospholipids are dispersed in water, they tend to form bilayers where the polar

head groups are attracted to water and the non-polar tails are repelled from water.
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The polar nature of the liposomal core allows polar molecules to be encapsulated
while amphiphilic and lipophilic molecules can be solubilized within the
phospholipid bilayers. Liposomes differ from micelles, which are formed from
ionized lipids and consist of only a single layer of lipids (Figure 1.7). Micelles
cannot be used as carriers for polar molecules as their non-polar tails are clustered
together at the center and therefore do not allow any polar compounds in the interior

(254).

1.5.1 Classification

Liposomes can be classified into three major types based on the number of
lamellae and vesicles: unilamellar vesicles (ULV), multilamellar vesicles (MLV)
and multivesicular vesicles (MVV). The unilamellar vesicles may be small (20-40
nm), medium (40-80 nm) or large (80-1000 nm) in size. The MLV have more than
one bilayer, while the MVV vesicles have more than one vesicle (Figure 1.8) (255).

Liposomes can be also classified according to their composition and
application into four major types: conventional, long-circulating, immuno- and
cationic liposomes (256). Conventional liposomes are composed of only
phospholipids (neutral or negatively charged) and/or cholesterol. Conventional
liposomes have short systemic circulation times, as they are rapidly taken up by the
reticuloendothelium system, and therefore are used as vehicles to deliver drugs to
macrophages (257). Long-circulating liposomes are prepared by coating
conventional liposomes by hydrophilic polymer such as polyethylene glycol (PEG).
Surface PEGylation creates a steric barrier that prevents interaction with cellular
components in biological environments thus prolongs systemic circulation time
(257). Immunoliposomes have specific antibodies that can target liposomes to
particular cell types. It is possible to prepare PEGylated immunoliposomes that can
be targeted and at the same time have long half-life (258). Cationic liposomes are
positively charged and can be prepared by incorporating cationic lipids during their
preparation. Two main cationic lipids are commonly used; 1,2-bis(oleoyloxy)-3-
(trimethylammonio) propane (DOTAP®) and 3B[N-(N’,N’-dimethylaminoethane)-
carbamoyl cholesterol (DC-Chol) (259). In addition to those lipids, cationic
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liposomes can be also prepared by incorporating the cationic detergent,

stearylamine, during liposome preparation (260).

1.5.2 Composition

1.5.2.1 Phospholipids

Liposomes vary greatly in their lipid composition and the choice of the lipids
depends mainly on the final application of the preparation. Glycerol-containing
phospholipids are the most common component of liposomes and they may
represent greater than 50% of the total weight of liposomes. The glycerol moiety
has three OH groups; the OH at Cs is esterified with phosphoric acid forming the
polar part the compound while the OH at C; and C; are esterified with a long chain
fatty acid forming the non-polar part of the compound (Figure 1.9) (255). The
addition of organic moieties to the remaining OH group of phosphoric acid creates
a variety of phospholipids such as phosphatidylethanolamine (PE),
phosphatidylserine (PS), phosphatidylinositol (PI), phosphatidylglycerol (PG), and
phosphatidylcholine (PC) (Figure 1.9). The long chain fatty acids used for
liposomes preparation may be saturated (with hydrocarbon chains completely filled
with hydrogens) or unsaturated (with one or more double bonds in hydrocarbon
chains) (Figure 1.9). In general, saturated fatty acids give more stable liposomes
(261).

Liposomes can be made using a single type or a mixture of phospholipids.
The lipid composition of liposomes will affect the surface charge and the final
application of the preparation. Conventional liposomes are made of neutral or
anionic phospholipids while cationic liposomes are made of cationic and

zwitterionic lipids (256).

1.5.2.2 Cholesterol

Sterols are important components of most natural membranes as they fill the
gaps that may occur between lipids due to imperfect packing or due to presence of
proteins giving more rigid structure to the membrane. Moreover, sterols act as

membrane dynamic regulators by controlling membrane fluidity, elasticity and
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permeability (262). Cholesterol is the most widely used sterol in liposome
preparation. Cholesterol cannot form a lipid bilayer structure by itself but it can be
incorporated with phospholipids in very high concentrations during liposome
preparation where it fills the empty spaces between phospholipid molecules. The
OH group at Cs acts as a polar head while the hydrocarbon chain at Ci7 acts as a
non-polar chain (Figure 1.10). Cholesterol is used in the manufacture of liposomes
to increase their stability by increasing or decreasing the fluidity of the lipid bilayer.
At temperatures lower than the transition temperature of lipids, cholesterol
increases fluidity while at temperatures higher than the transition temperature, it
decreases membrane fluidity and reduces the permeability of the lipid membrane

to solutes (263).

1.5.3 Lipid distribution in biological membranes

Lipid bilayer is the basic structure of all biological membranes. In eukaryotic
cells, membranes are formed from three classes of lipids (phospholipids, sterols and
sphingolipids) (264). Mammalian membranes contain a high proportion (40-80%)
of phospholipids. However, the phospholipid content and composition vary greatly
between different cell membranes due to functional variations. PC is the major
phospholipid and accounts for 22-45.2% of total membrane phospholipid content
(265). On the other hand, mammalian cells contain only one type of sterol,

cholesterol, but hundreds of different phospholipids and sphingolipids (266).

In bacteria, the total phospholipid content of cell membranes varies more greatly
than in mammalian membrane. The typical composition of phospholipids in
bacteria is PS, PE, PG and cardiolipin (CL), which are also found in eukaryotes
(267). In H. pylori, cell membranes are composed of 6% neutral lipids, 20.6%
glycolipids, and 73.4% phospholipids (268). The major phospholipids are PE, CL,
and PG. PS was also detected, but as a minor phospholipid. Three kinds of
cholesterol glucosides were detected in membranes of Helicobacter species:
cholesteryl-6-O-acyl-alpha-D-glucopyranoside, cholesteryl-alpha-D-glucopyrano-
side, and cholesteryl-6-O-phosphatidyl-alpha-D-glucopyranoside (269). Although
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cholesterol glucosides were rarely detected in animals and bacteria, they were

detected in 13 out of 15 Helicobacter species examined.

1.5.4 Preparation methods

When preparing liposomes, the lipids must be first dissolved in an organic
solvent, such as chloroform or chloroform/methanol mixture, to ensure uniform
distribution of the lipids. The solvent is then evaporated to yield a lipid film, which
is hydrated by adding an aqueous medium followed by agitation. The products of
hydration are large MLVs that can be further manipulated by one of the following
methods to produce small ULVs (270).

1.5.4.1 Sonication

Small ULVs can be prepared by sonicating aqueous phospholipid dispersions
using either a probe or bath sonicator. This method is considered to be the one with
the highest energy input into lipid dispersions, so it is not suitable for preparing
liposomes containing heat-labile molecules (protein, DNA) or drugs. In addition,
liposomes prepared by sonication have very limited trapping efficiency (the
percentage of solute that is entrapped) due to the small size of liposomes and may

be contaminated by metal from a probe sonicator (271).

1.5.4.2 Freeze-thaw sonication

The main advantage in using repetitive freeze thaw cycles during liposome
preparation is the homogenization of their lipid content, which enhances the
trapping efficiency due to the breaking of MLVs and the formation of more
homogeneous ULVs. However, the freeze-thaw method alone does not produce a
liposome population of uniform size. In addition, fragmentation and fusion caused
by freeze thaw cycling may not have the same homogenization efficiency for
different lipid mixtures. Accordingly, this method is usually employed with other

preparation methods such as sonication or extrusion (272).
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1.5.4.3 Membrane extrusion

Liposomes were first prepared by extrusion through a polycarbonate filter in
1979 by Olson et al. (273). Extrusion is done by a liposome extrusion system, which
is pressurized using nitrogen gas, producing liposomes with a uniform size
distribution. The working temperature should be higher than the phase transition
temperature of the lipids used to prepare liposomes to avoid lipid crystallization.
The phase transition temperature is defined as “the temperature required to induce
a change in the lipid physical state from the ordered gel phase, where the
hydrocarbon chains are fully extended and closely packed, to the disordered liquid
crystalline phase, where the hydrocarbon chains are randomly oriented” (274). The
main advantages of the extrusion technique are that it can be applied to a wide
variety of lipid mixtures, and it works directly from MLVs as extrusion peels
mutilamellae to form ULVs. In addition, there is no need to remove organic
solvents or detergents from final preparations and there is no metal contamination
from the probe. The main drawbacks are lower working volumes and difficulties
achieving high temperatures. High temperatures may be needed when working with

lipids that have high transition temperatures to avoid lipid crystallization (275).

1.5.4.4 Detergent removal

A detergent can be used to solubilize lipids at concentration that is equal to
its critical micelle concentration. The detergent is then removed by dialysis causing
phospholipids to replace the detergent so the micelles become richer in
phospholipids, which finally combine to form large ULVs. The main advantages of
this method are excellent reproducibility and the production of liposomes with a
uniform size distribution. The main disadvantage is the difficulty in achieving

complete removal of the detergent, which may be toxic (276).

1.5.4.5 Reverse phase evaporation/sonication

In this method, lipids are dissolved in organic solvent and then mixed with
the aqueous phase, followed by brief sonication to form a water-in-oil emulsion.
Liposomes are formed when the organic solvent is removed by continued rotatory

evaporation under reduced pressure to evaporate the organic solvent only without

34



evaporating lipids or aqueous solutions. With this method, a high trapping
efficiency can be obtained but the materials to be encapsulated may be incompatible
with the organic solvent. The brief sonication may also result in heat denaturation

of some proteins or DNA that are loaded inside these liposomes (276).

1.5.5 Application of liposomes

1.5.5.1 Liposomal delivery of molecules

Liposomes have attracted attention as useful drug delivery systems to
enhance the bioavailability of certain drugs and reduce their toxicity. Liposomes
can be used to enhance the solubility of both lipophilic and hydrophilic drugs due
to their unique structure that has both aqueous and non-aqueous compartments
(277). The solubility of Amphotericin B and Minoxidil was greatly improved by
incorporating them in liposomal formulations. Hydrophilic drugs, such as
Doxorubicin or Acyclovir can be also encapsulated in liposomes at concentrations
exceeding their aqueous solubility (275).

The fact that conventional liposomes are rapidly taken by the phagocytic cells
can be used to target certain drugs to cells of the immune system. Liposomes have
been used to target Amphotericin B, immunomodulators, and immunosuppressors
to phagocytic cells (278). Moreover, immunoliposomes can be used to target certain
drugs, such as anticancer agents, to particular organs. Liposome-based drug
delivery systems can be also used to avoid delivering drugs to certain sites and
thereby reduce their toxicity. For example, liposomes were used to reduce the
nephrotoxicity of Amphotericin B and the cardiotoxicity of Doxorubicin as they
have limited access to kidney and heart (275).

Multivesicular liposomes (MVL) have been studied as a sustained release
drug delivery system. IFN a-2b was successfully encapsulated in MVL and slowly
released the drug into the systemic circulation (279). Tamoxifen citrate, an anti-
estrogen compound, was encapsulated in liposomes that provided 50% of drug
release within 3 h and 95% of drug release within 30 h (280).

Liposomal antibiotics have been extensively studied to improve drug

delivery, pharmacokinetics and reduce toxicity. Most studies focused on

35



aminoglycosides, quinolones, polypeptides, and betalactames (281). It is also
possible to incorporate more than one drug in liposomes, which would improve
patient compliance. Jain et al., were able to design polyelectrolyte-coated
multilayered liposomes (nanocapsules) loaded with metronidazole and amoxicillin
(247). Another group of researchers was able to incorporate amoxicillin trihydrate
and ranitidine bismuth citrate into double liposomes to be used as a dual drug

delivery system against H. pylori (248).

1.5.5.2 Liposomal delivery of nucleic acid

Cationic liposomes can be used as a delivery system for nucleic acid-based
therapies such as antisense oligonucleotides and siRNA. The first report of using
liposomes for nucleic acid delivery was in 1982 when Nicoula ef al., reported the
in vivo expression of rat insulin gene following intravenous injection of a plasmid
carrying the insulin gene encapsulated in liposomes (282). The main advantages
associated with the use of cationic liposomes when compared to viral vectors
included the ease of their manufacture, handling and preparation; their ability to
deliver large lipid/nucleic acid complexes and their low immunogenic response
(283). In addition, cationic liposomes protect the nucleic acid from degradation and
increase its stability. Although toxicity was previously reported for cationic
liposomes, loading of negatively charged nucleic acid in liposomes causes charge
neutralization and reduces their toxicity. The disadvantages that might be seen with
liposomes are the high cost of purified lipids and rapid clearance of conventional
liposomes. In addition, leakage of encapsulated molecules may occur as a result of
temperature change, depending on lipid composition, which may affect the rigidity

of liposomes (255).

1.5.5.3 Liposomes as antimicrobial agents

Cationic liposomes have antimicrobial activity against bacteria, fungi and
protozoan (284-286). Cationic liposomes may react with phospholipids in
cytoplasmic membranes, causing membrane distortion and protoplast lysis under
osmotic stress. Moreover, cationic liposomes may be adsorbed on the surface of

microbial cells causing a change in overall charge from negative to positive (287).
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The positive charge on microbial cells has been linked to the biocidal action as
proteins might be aggregated and/or precipitated (285). Liposomes bearing
phosphatidylcholine and stearylamine (Figure 1.10) killed Leishmania in vitro and
in vivo, without having any adverse effect to the host (286).

Free fatty acids such as lauric acid, myristoleic acid, linoleic acid, and
linolenic acid have antibacterial activities against wide range of bacteria
including H. pylori. Since these lipid molecules are naturally present everywhere,
they are less harmful than conventional antibiotics. In addition, free fatty acids may
induce drug resistance in H. pyloriat a much lower rate than conventional
antibiotics. Incorporation of free fatty acids into liposomes may have potent
antimicrobial effects (288). A recent study has reported antibacterial activity for
liposomal linolenic acids against antibiotic-resistant H. pylori. The prepared
liposomes were able to disrupt membranes of both H. pylori spiral and coccoid

forms (252).

1.6 Rationale of the study

Aklavik is a small hamlet in the Northwest Territories where the prevalence
of H. pylori infection is high. H. pylori produces several virulence factors that
facilitate bacterial colonization and survival in the hostile gastric environment.
Characterization of Aklavik H. pylori isolates was not done before and so there is
a gap in our knowledge regarding the genotypic features of these isolates. Typing
of Aklavik H. pylori isolates for cagAd, cagE, EPIYA, vacA and babA2 will give
insight into the major virulence characteristics of those isolates. In addition, the
identification of virulence isolates that are associated with more severe clinical
outcomes will help to identify isolates that must be eradicated. Moreover, unique
genotypic feaures that are commonly identified among H. pylori isolates can be
used to target novel treatment approaches. It is controversial whether these
virulence genes are associated with gastric biopsy histopathology outcomes, but
will be investigated for the Aklavik community.

In Aklavik, NWT, 41% treatment failure was observed with standard triple

therapy (214). In fact, first, second and third line antibiotic-based therapies have
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been used to treat H. pylori infection, but a 100% eradication rate has never been
achieved (52). Treatment of H. pylori infection may fail due to antimicrobial
resistance, (208) re-infection (209), patient compliance and the high cost of
currently used drugs (210). New H. pylori treatment strategies are needed to
provide alternative therapies when standard therapies fail. Treatment targeted
specifically to H. pylori is preferred to avoid disruption of commensal flora.

Urease is an extracellular enzyme of H. pylori that catalyzes the hydrolysis
of urea to form carbon dioxide (CO;) and ammonia (NH3), which neutralizes the
gastric acid, thereby allowing H. pylori to grow (289). In the absence of urease, H.
pylori can only survive in a pH range of 4.0-8.5 (290). A urease-negative mutant of
H. pylori, constructed by allelic exchange mutagenesis, lacked the ability to
colonize the stomach of nude mice, which illustrates the importance of urease for
H. pylori colonization (291). Similar results were observed for gnotobiotic piglets
infected with urease negative H. pylori (292). Urease inhibitors, such as
acetohydroxamic acid, have been studied for possible use in treating H. pylori
infections (293). However, strategies to knockout urease gene expression have not
been used to interfere with H. pylori survival in the stomach.

Liposomes are typically composed of cholesterol and phosphatidylcholine
but they may also be composed of synthetic lipids such as DOTAP® to form
cationic liposomes. Stearylamine can also impart a positive charge to liposome
formulations to facilitate loading with DNA (294). Cationic liposomes have been
studied as a possible means to improve the electroporation efficiency of E. coli.
DOTAP® liposomes successfully induced E.coli transformation without
electroporation (190). Although, liposomes have been used to deliver antimicrobial
agents to H. pylori (247,295), it is unknown whether cationic liposomes can
enhance the delivery of a plasmid carrying a mutant urease gene into H. pylori
isolates (including those from Aklavik) to knockout urease expression.

Gene silencing using antisense DNA or short interfering RNA (siRNA) is a
rapidly developing field with potential therapeutic applications. Although a cis-
encoded antisense small RNA that negatively regulates ureAB expression was

recently discovered in H. pylori (198), it is unknown whether gene silencing may
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be an effective strategy for urease suppression and thereby provides an alternate
strategy for its eradication. Liposome-mediated delivery of siRNAs into eukaryotic
cells has been described (296), but no investigations have been carried out in
bacterial cells. It is unknown whether cationic liposomes can enhance the delivery
of interfering molecules (DNA or RNA) into H. pylori.

Cationic liposomes themselves have antimicrobial activity against bacteria,
fungi and protozoan (284-286). Cationic liposomes may react with phospholipids
in cytoplasmic membranes, causing membrane distortion and protoplast lysis under
osmotic stress. Moreover, cationic liposomes may be adsorbed on the surface of
microbial cells causing a change in overall charge from negative to positive (287).
The positive charge on microbial cells has been linked to the biocidal action, as
proteins might be aggregated and/or precipitated (285). Liposomes bearing
phosphatidylcholine and stearylamine killed Leishmania in vitro and in vivo,
without having any adverse effect to the host (286). It is unknown whether
stearylamine-containing cationic liposomes have antimicrobial activity against H.
pylori.

Like other infectious diseases, the treatment of H. pylori infections, faces a
lot of challenges. There is a gap in our standing to the characteristics of H. pylori
isolates from communities where the prevalence is high, such as Aklavik, NWT.
Understanding of the genotypic features of Aklavik H. pylori isolates and their
association with clinical outcomes may identify isolates that are more virulent and
should be eradicated. In addition, characterization of these isolates will help in
designing new treatment approaches that are more effective and more targeted to

H. pylori.

1.6.1 Hypotheses

1) H. pylori genotype can predict the histopathology outcomes of infection
among residents of Aklavik, NWT.
2) Liposome-mediated delivery of antisense DNA or siRNA against the urease

gene of H. pylori will specifically disrupt the ability of H. pylori isolates

39



(including those from Aklavik) to produce urease and thereby impair H. pylori
survival in the stomach.

3) Stearylamine-containing cationic liposomes will inhibit the growth of H.

pylori.

1.6.2 Objectives

1) To genotype Aklavik H. pylori isolates for the major virulence factors and to
estimate associations of the findings with gastric histopathology outcomes.
(Chapter 2)

2) To design a plasmid carrying a mutant urease gene (Chapter 3)

3) To investigate the ability of DOTAP® liposomes to deliver plasmid DNA
carrying a mutant urease gene and to mediate transformation and urease
knockout of H. pylori. (Chapter 3)

4) To design antisense DNA and siRNAs targeting the ure4B genes of an Aklavik
H. pylori isolate with high urease activity and evaluate their ability to
knockdown urease expression in the absence and presence of DOTAP®.
(Chapter 3)

5) To modify lipid composition of cationic liposomes to achieve better delivery
of the interfering molecules. (Chapter 4)

6) To investigate the antimicrobial activity of stearylamine-containing liposomes

against H. pylori. (Chapter 4)
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Table 1.1 Diagnostic methods for H. pylori infections

studies

between active or
past infection, local
cut off values are

needed

Type of method  Diagnostic Sensitivity Specificity Advantages Limitations Reference
method (%) (%)
Non-invasive Urea breath  95.9 (children) 95.7 (children) Simple, accurate, safe  Less specificity in (297)
methods test >90 >90 children < 6 years (117)
Stool 92.2 94.4 Simple, low cost, no Results affected by ~ (298)
antigen test need for new GIT disorders,
equipment, samples bleeding ulcers, PPI
are easy to obtain and antibiotic
treatment
Serological ~ 82-91 53-70 Cheap, available, good Low accuracy, do (61)
tests for epidemiological not differentiate
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Type of method Diagnostic  Sensitivity Specificity Advantages Limitations Reference
method
Invasive methods Histology 90 93 Provides information  Subjective (299)
about disease severity ~ assessment results in
score variation,
sampling error due
to patchy growth
Culture >90 100 High specificity, Low sensitivity if (300)
isolates can be used improper transport
for antimicrobial medium is used and
susceptibility in bleeding ulcers,
slow growth
Polymerase 95 97 High sensitivity, fast,  False negative due (301)
chain no special to DNA detection of
reaction transportation is dead bacteria
needed
Rapid urea 94 99 Rapid, inexpensive, False negative due (299)
test (RUT) widely available, to antibiotics or PPI

highly specific

use
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Table 1.2 Prevalence of H. pylori in developed countries

Country Prevalence  Type of Number/ Reference
(%) Diagnostic Test Population
Canada 23.1 Serology 1306/adults (75)
38 serology 316/adults (80)
7.1 UBT-Rapid 204/children 81
urease-stool
antigen
USA 32.5 Serology 7465/adults (82)
Germany 13.3 UBT 195/mixed (85)
Netherland 24 UBT 2200/mixed (85)
Israel 44.1 UBT 5941/mixed (85)
Italy 29.9 UBT 3855/mixed (85)
Switzerland 26.6 UBT 522/mixed (85)
Czech 23.5 UBT 1826/adults (84)
Republic 4.8 420/children
Russia 13 Serology 370/children (86)
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Table 1.3 H. pylori prevalence in developing and recently industrialized

countries

Country Prevalence Type of Number/ Reference
(%) Diagnostic Test Population

Iran 86.8 Histology 303/adults (302)
522 UBT 113/children (303)

Turkey 63 Stool antigen test ~ 200/adults (304)
68 UBT 1680/children (305)

Egypt 91.7 Serology 605/mixed (306)
72.4 UBT 286/children (307)

Saudi 54.9 Histology 488/adults (308)

Arabia 27.4 UBT 314/children (309)

India 59 Histology, RUT 147/adults (310)

Mexico 66 Serology 156/adults (311)

Bangladesh 92 Serology 181/adults (312)
50 Stool antigen test ~ 238/children (87)

China 63.4 UBT 5417/adults (77)

Japan 513 Serology, stool 11470/adults (89)
3.7 antigen test 108/children (88)

Stool antigen test

South 59.6 Serology 8020/adults (90)

Korea

Taiwan 54.7 UBT 106/adults (91)
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Table 1.4 Functions of proteins encoded by cagPAI (313,314)

Protein Function
CagA e cell scattering
e cytoskeletal rearrangements
e cell elongation
e cell proliferation, motility and inflammation
CagE e Important for delivery of H. pylori proteins into the host
e induces IL-8 secretion
Cagl. e bridges type IV secretion system to integrins on target cells
¢ role in cell signalling to activate kinases required for CagA
phosphorylation
e activates IL-8 independent of CagA translocation
CagY e binds to host receptors (integrin 1)
Cagl ¢ binds to host receptors (integrin f1)
CagZ e cssential for CagA translocation but not IL-8 induction
CagM e role in CagA translocation
e activation pf NF-kf3
Cagd o essential for CagA secretion and induction of IL-8
CagP e rolein H. pylori adherence to gastric epithelial cells
CagF e interacts with CagA and facilitate translocation
e acts as a chaperone protein for CagA in early stages of
translocation
CagG e rolein cagA translocation and IL-8 induction

role in adherence to gastric epithelial cells
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Table 1.5 Amino acid sequence of different EPIYA motifs

EPIYA motif Amino acid sequence
EPIYA-A EPIYA(Q/K)VNKKK(T/A)GQ
EPIYA-B EPIY(A/T)QVAKKV
EPIYA-C EPIYATIDDLGGPEPL
EPIYA-D EPIYATIDFDEANQAG

46



Tablel.6 Functions and clinical significance of H. pylori adhesins

membrane protein

(HopZ)

Strong selection for HopZ ‘on’ status

Adhesin Function and clinical significance Reference
Blood group binding e mediates H. pylori binding to Lewis b (315)
adhesin (BabA) antigen
e might enhance CagA translocation and
induction of inflammation
Sialic acid binding e binds to sialylated glycans sLe* and sLe? (316)
adhesin (SabA & SabB) e maintains binding to gastric epithelial cells
in chronic gastritis and gastric carcinoma
¢ induction of phagocytosis
Adherence associated e role in adhesion to gastric epithelial cells ~ (317)
lipoprotein (AlpA & e influences host cell signaling and cytokine
AlpB) production
Outer inflammatory e stimulates IL-8 production in presence of  (318)
proteinA (OipA) cagPAl
¢ significantly associated with duodenal
ulcers, gastric cancer, high H. pylori
density and severe inflammation
H. pylori outer e Role in early phase colonization (315)
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Table 1.7 Resistance mechanisms and rates for antibiotics commonly used

for H. pylori treatment

Antibiotic Mechanisms of resistance Resistance Country Reference
rate (%)
Clarithromycin e Point mutations within 8 Canada (319)
the bacterial 23S rRNA 24 Europe (320)
(A2142G, A2143G, 35.6 Span (321)
A2142C, 2143C) 13.2 Ireland (322)
o Efflux proteins 37.2 China (2 1 5)
30 Japan (323)
23 Iran (216)
25 Israel (324)
48.2 Turkey (325)
2.5 Brazil (326)
Metronidazole e Mutations in rdxA4 gene 20 Canada  (319)
which encodes for an 25 Europe (322)
oxygen insensitive 31.5 Ireland (320)
NADPH nitro- 64 Iran (216)
reductase 63.9 China (215)
e Efflux proteins 19 Israel (324)
e Other genes may (251)
contribute to
metronidazole
resistance
Amoxicillin e Multiple point mutations 2.5 Iran (216)
in the gene coding for 0.3 China (215)
penicillin binding 12.2 Israel (218)
proteins, PBP1A
e Point mutations in genes
coding for outer
membrane porins
Tetracycline e Point mutations in 16S 0 Iran (216)
rRNA gene (AGA965- 1.2 China (215)
967TTC) affect the 2.4 Israel (218)

binding of tetracycline
to ribosome
Efflux proteins
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Table 1.8 Vaccine trials for immunization against H. pylori

Antigen Route of Immunological Animal Adjuvant Human Ref
administration experiments experi
ments
Dextran-based intraperitoneal humoral (IgG) mice and Titanus toxid - (327)
glycoconjugate of rabbits and
LPS Diphtheria
toxoid
Multi-epitope intranasal or cell mediated C57BL/6 peptide - (241)
intramuscular mice spacer
NAP intraperitoneal humoral and cell mice measles virus - (242)
UreA intraperitoneal BALB/c Cholera - (243)
mice toxin B
Urease oral cell mediated - S. enterica Yes (244)
VacA, CagA, NAP intramuscular humoral and cell - aluminium Yes (245)
hydroxide
urease B subunit oral humoral (IgG & - heat-labile Yes (246)
enterotoxin
B
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H. pylorigenome horizontal insertion

cag PAl

Figure 1.3 H. pylori cag pathogenicity island

Figure reproduced with permission (114)
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Figure 1.4 Sites of CagA phosphorylation
Figure reproduced with permission (328)
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Phosphorylation-
independent

Figure 1.5 Actions of phosphorylated and non-phosphorylated CagA
Figure reproduced with permission (328)
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Chapter 2

Genotypic Features of Helicobacter pylori Isolated from Residents
of Aklavik, Northwest Territories and the Relation of Genotypic
Features to Gastric Histopathology'

2.1 Introduction

Helicobacter pylori is a gram-negative spiral shaped bacterium that was
first cultured by Marshall and Warren in 1982 (1,2). The prevalence of H. pylori
infection was estimated by Brown (2000) to be about 40% in developed countries
and 70% in developing countries (3). H. pylori infection is a risk factor for the
development of gastric diseases such as gastritis, peptic ulcer, mucosa associated
lymphoid tissue lymphoma and gastric adenocarcinoma (4).

Gastric cancer is a major health concern. It is the fifth most common type
of cancer after lung, breast, colorectal and prostate cancers. A recent study
estimated 260 000 cases of cardia gastric cancer (starts in the area of the stomach
near the oesophageal-gastric junction) and 691 000 cases of non-cardia gastric
cancer (starts in the distal regions of the stomach) worldwide in 2012 with the
highest rates observed in Eastern/Southeastern Asia (5). Non-cardia gastric cancer,
which accounts for 73% of total gastric cancer cases, is the subsite that is strongly
associated with H. pylori infection (5).

Aklavik is a small community of about 600 people living in the Northwest
Territories, Canada. Residents of Aklavik have long been concerned about the
perceived increased incidence of gastric cancer in their community and its
association with H. pylori infection diagnosed in many residents (6). Between 1992
and 2000, the age-adjusted rate for gastric cancer among Northwest Territories
males was 1.9 times higher than among Canadian males (8). In addition, gastric
cancer was the second most frequently diagnosed cancer in Inuit males and the third

most frequently diagnosed cancer in Dene First Nations males in the Northwest

! The work presented here will be included in a future publication of the
CANHelp Working Group that presents results of an analysis that includes an
increased sample size achieved by combining data from several Arctic
communities.
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Territories, although it ranked 10" in males across Canada (8). Moreover, Aklavik
is a home for number of immigrants from Alaska where high rates of gastric cancer
have been previously reported (6,9). The Canadian North Helicobacter pylori
(CANHelp) Working Group launched the Aklavik H. pylori Project to address these
concerns. The community concern is justified by studies performed by the
CANHelp Working Group. Of 333 project participants screened for H. pylori
infection by urea breath test as part of the Aklavik H. pylori Project in January and
February 2008, 58% were positive for H. pylori infection, indicating a high
prevalence of H. pylori infection in the community. A recent cross-sectional study
compared the frequency of gastric histopathology diagnoses among Aklavik
research participants with those of University of Alberta Hospital patients assessed
for the same conditions. Relative to University of Alberta Hospital patients,
Aklavik residents had a much higher prevalence of H. pylori infection (66% versus
14% by histology). Moreover, H pylori-positive Aklavik residents had a much
higher prevalence of severe gastric inflammation and gastric atrophy (7).

A study conducted during November 2011 through June 2012 to estimate
the incidence and re-infection rates in Aklavik H. pylori Project participants who
initially tested negative or received treatment to eliminate H. pylori infection during
2008 through 2010 yielded an estimated re-infection proportion of 4.7% (95% CI:
0.6-16.0%). Aboriginal participants had a combined re-infection/incidence rate of
2.4% (95% CI: 0.8-5.9% per year). Neither the 9 non-Aboriginal participants nor
the 23 participants aged 55 years and above included in the follow-up study showed
evidence of re-infection. The re-infection study indicates that the Aklavik H. pylori
project has substantially reduced the prevalence of this infection in Aklavik since
the project started in 2008 (10). The clinical outcomes of H. pylori infection are
hypothesized to be dependent on several bacterial factors identified as having the
potential to influence virulence, as well as specified environmental and host factors
(11). H. pylori organisms produce several factors that facilitate their colonization
and survival in the hostile gastric environment (12-14) and are hypothesized to
determine virulence. The cag pathogenicity island (cag-PAI) is the most

extensively studied virulence marker of H. pylori. The cag-PAl contains 27-31
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genes (the number is variable in different strains) including the cagE and cagA
genes (12). The cagE gene is one of 7 genes of the cag-PAI hypothesized to
influence secretion of chemokines such as interleukin 8 from infected host
epithelial cells (15,16). The cagA gene codes for an immunodominant protein
known as CagA (cytotoxin associated protein) (17). Inside gastric cells, CagA is
phosphorylated on tyrosine phosphorylation motifs containing the Glu-Pro-Ile-Tyr-
Ala (EPIYA) amino acid sequence (12). The EPIYA motif is present in multiple
copies in the protein and is referred to as the EPIYA repeat region. The EPIYA
motif may be defined as a combination of EPIYA-A, -B -C, or -D, depending upon
the amino acid sequence that follows the EPIY A (18-20). The CagA protein species
nearly always contain EPIYA-A and EPIYA-B sites, followed by one to five
repeats of EPIYA-C in Western-type H. pylori cultures (African and Indo-
European ancestry) or EPIYA-D site in East Asian-type cultures (21). Evidence
supports the hypothesis that the virulence of H. pylori increases with the number of
EPIYA-C motifs (18,22). Phosphorylated CagA protein has the ability to disturb
the cellular functions by interacting with a cellular protein, SHP-2, which plays an
important role in mitogenic cellular transduction (20).

The vacA gene, which sometimes but not always induces vacuolation, is
present in nearly all H. pylori strains (13). The massive production of autophagic
vacuoles has been linked to cell death (13) due to destruction of parts of the
cytoplasm including organelles caused by lysosomal activity within vacuoles (23).
It may be that genetic polymorphism within vacA affects the ability of a particular
strain to induce vacuolation (24). Two major polymorphic regions have been
identified within vacA: the signal region (s/ or s2) and the midregion (m/ or m2)
(25). Characterization of 59 cultures from the United States with respect to
virulence based on in vitro cytotoxin activity and co-occuring clinical conditions in
the human hosts, resulted in vacA s1/m1 strains being classified as the most virulent,
while those with s//m2 were classified as having intermediate virulence and those
with s2/m2 as the least virulent (26). Of note, vacA s2 strains consistently failed to
produce detectable vacuolatization in vitro; only strains with vacA sl produced

such activity (26). In Germany, Miehlke ef al., compared the genotypic features of
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H. pylori isolated from 34 patients with gastric cancer to those from 35 subjects
with asymptomatic gastritis and reported an increased frequency of vac4 sIml in
patients with gastric cancer (27). Another study of 167 H. pylori cultures in Italy
reported an apparent interaction between cagA4, babA2, and vacA siml, given that
in combination they were associated with higher intestinal metaplasia and
inflammation scores (28). In addition to vac4 s and m regions, another vacA
polymorphic site, designated as the intermediate (7) region, was identified as having
two sequence types (i/ and i2) (29). In lab studies, Winter et al, reported a strong
association between vacA il and precancerous intestinal metaplasia in mice,
although H. pylori producing the s2/i2 form of vacA colonized mice more
efficiently than vacA-negative mutants or mutants producing vacA4 s1il (30). From
a study of 73 Iranian patients, Rhead reported that those with the i/ type had a
higher frequency of gastric adenocarcinoma than those with the i2 type (29).
However, Ogiwara et al., reported that vacA s/i/m genotypes were not good markers
of clinical outcomes among 314 strains isolated from East Asian and Southeast
Asian countries (31).

BabA (blood group antigen binding adhesin), encoded by the babA2 gene,
is thought to contribute to the ability of H. pylori to adhere to the gastric mucosa
(32). BabA adherence is mediated through the fucosylated Lewis b (Le®) blood-
group antigen (33). Three different bab alleles have been identified: babA 1, babA2,
and babB. The babAIgene lacks the translational initiation codon while both babA42
and babB encode homologus proteins which have polymorphic midregion
sequences. BabA mediates Le® binding, but, BabB does not (32,34). Since Le® is
not expressed in all humans, other adhesins may be involved such as SabA (sialic
acid-binding adhesin) and SabB (35), HopQ (/. pylori outer membrane protein)
(36) and AlpA and AlpB (adherence associated lipoprotein) (37).

The possibility that H. pylori genotypes are linked to clinical outcomes
presents the potential for identifying virulent strains that can be prioritized for
elimination, and in this way reduce overly general antibiotic use. Based on this
rationale, for the present study I used data from the Aklavik H. pylori Project to

describe the prevalence of cagA, cagE, vacA and babA2 genes, and describe the

89



characteristics of these genes, in association with relevant histopathology
outcomes. This study also describes the prevalence of histopathology outcomes,
and estimates associations between genotypic features of H. pylori isolated from
gastric biopsies and characteristics observed in histopathologic examination of
gastric biopsies from the same individuals. The main goal of the work presented in
this chapter was to characterize Aklavik H. pylori cultures for the main virulence

genes to identify targets for novel treatment approaches.

2.2 Materials and Methods

In this section, I describe the laboratory procedures I carried out and those
performed by other members of the research team. Unless otherwise stated,
chemicals, disposables and glassware were purchased from Fisher Scientific
(Ottawa, ON, Canada), antibiotics were purchased from Sigma-Aldrich (Oakville,
ON, Canada), 0.22 um filters were purchased from Merck KGaA, Darmstadt,
Germany and enzymes were purchased from Invitrogen (Carlsbad, CA, USA).

2.2.1 H. pylori isolation from gastric biopsies

Gastric biopsies used in this research came from the Aklavik H. pylori
Project, conducted by the Canadian North Helicobacter pylori (CANHelp)
Working Group to address community concerns regarding cancer risks from H.
pylori infection. For one component of the Aklavik H. pylori Project,
gastroenterologists obtained gastric biopsies (1-2 for microbiology, 4-6 for
pathology) from 194 participants through upper gastrointestinal endoscopy
performed at the Aklavik Heath Centre in February 2008. All participants gave
informed consent. Research protocols were approved by the Health Research Ethics
Board (HREB) at the University of Alberta and the Aurora Research Institute,
which issues research licenses for the Northwest Territories. Gastric biopsies were
immediately placed in transport media containing, 3.7% brain heart infusion (BHI)
(Oxoid LTD., Basingstoke, England) - 0.5% yeast extract (YE) (Difco, Sparks,
USA) - 5% horse serum (HS) (Gibco, Scotland, UK) - 20% glycerol broth
supplemented with antibiotic mixture containing vancomycin (8 pg/mL),

amphotericin (8 pg/mL), cefsulodin (5 pg/mL), trimethoprim (5 pg/mL), B-
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cyclodextrin (2 pg/mL), polymixin B (0.2149 pg/mL). Project field staff arranged
for the transport of gastric biopsies from Aklavik to Dr. Monika Keelan’s
microbiology research lab at the University of Alberta and to the pathology lab at
the University of Alberta Hospital in Edmonton. Gastric biopsies were evaluated
according to the updated Sydney protocol (38) by a single tertiary-care centre
gastrointestinal pathologist, Dr. Safwat Girgis, who was blinded to endoscopic
findings. Gastric biopsy sections were stained with Hematoxylin & Eosin for
regular histology and sections were also stained with Giemsa to detect H. pylori
(7).

Laboratory staff isolated H. pylori from the gastric biopsies by first
homogenizing each biopsy vial (three quick bursts at maximum speed) using the
Omni international TH homogenizer (Kennesaw, GA, USA) to break down tissue
samples and liberate H. pylori. For each homogenate, 100 uL aliquots were plated
in duplicate onto 3.7% BHI / 0.5% YE / 5% HS / 1.5% agar (Oxoid LTD.,
Basingstoke, England) plates containing the same transport media antibiotic
mixture and incubated them under microaerobic conditions (5% Oz, 5-10% COa,
and balance Ny) at 37°C for up to 21 days.

Transport and culture media were prepared without horse serum or
antibiotics and autoclaved at 20 psi and 121°C for 20-30 minutes. After cooling the
media for an hour in a 56°C water bath, horse serum and filter-sterilized antibiotics

were added to the media.

2.2.2 Identification of H. pylori

Laboratory staff initially identified H. pylori cultures using typical colony
morphology (circular, convex and translucent), Gram stain (negative spiral rods)
and positive urease, catalase, and oxidase tests. The H. pylori isolated from the
gastric biopsies from one individual is referred to as a primary culture of one
person’s biopsies.
2.2.2.1 Urease test

Laboratory staff used a sterile swab to collect H. pylori colonies from plate

culture with a sterile swab and immersed it into a microcentrifuge tube containing
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urease test medium (0.1% peptone, 0.5% NaCl, 0.2% KH>PO4, 0.1% dextrose, 2%
urea and 0.0012% phenol red, sterilized by filtration). H. pylori produces urease
which breaks down urea into CO2 and NHs. The phenol red indicator changes from
yellow to pink when the pH becomes alkaline (> 8.2) (39,40). The test was
considered positive when H. pylori colonies turned pink due to ammonia liberation
detected by the change in pH to an alkaline pH.
2.2.2.2 Catalase test

H. pylori colonies from plate culture were collected with a sterile swab and
immersed into a microcentrifuge tube containing 3% H>0.. H. pylori produces
catalase which breaks down H>O> into H,O and O,. The test was considered
positive when bubbles formed due to O liberation (40).
2.2.2.3 Oxidase test

H. pylori colonies from plate culture were collected with a sterile swab and
dipped into a microcentrifuge tube containing 1% N,N,N’,N’-tetramethyl-p-
phenylenediamine dihydrochloride (TMPD) (Becton and Dickinson company,
USA). H. pylori produces cytochrome oxidase which oxidizes colourless TMPD to
indophenols which are purple (41). The test was considered positive if the purple

colour formed within 30 seconds.

2.2.3 Preservation of H. pylori
Primary H. pylori plate cultures were suspended in BHI/'YE/20% glycerol

broth, transferred to cryovials, rapidly frozen in liquid nitrogen, and stored at -80°C.

2.2.4 H. pylori genotyping

Genomic DNA was isolated from pure plate cultures and quantified with
help from laboratory staff. We confirmed the biochemical identification of H.
pyvlori by 16S rRNA gene PCR. We also detected virulence genes using PCR, and

performed nucleotide sequence analysis when PCR failed to detect the gene.

2.2.4.1 Genomic bacterial DNA isolation
Crystals of frozen primary stock cultures were plated onto BHI/YE/HS agar
containing vancomycin (15 pg/ml), amphotericin (15 pg/ml) for 3-5 days. The
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bacteria were harvested with 500 uL. of DNA extraction buffer (0.15 M NaCl, 0.1
M EDTA, pH 8). The cells were lysed using 20-40 pL of 20% SDS, gently mixed
until the mixture became clear. Genomic DNA was extracted using
phenol/chloroform (1:1) followed by centrifugation at 13,000 rpm for 10 minutes
using Accuspin™ Micro, Fisher Scientific (Ottawa, ON, Canada). The upper layer
was transferred to a new microcentrifuge tube and precipitated with cold (-20°C)
100% ethanol (42). After overnight storage at -20°C, the tube was briefly
centrifuged and the DNA pellet dissolved in 50 puL sterile deionized water. DNA

concentration was determined prior to storage at -20°C.

2.2.4.2 DNA concentration

DNA concentration was determined by measuring the optical density at 260
nm (ODzs) using the NanoVue spectrophotometer (GE Healthcare,
Buckinghamshire, UK). The concentration of double-stranded DNA (dsDNA) is
based on the relationship that 1.0 optical density unit at OD2eo is equal to 50 pg
DNA/mL. Since inaccurate spectrophotometric DNA quantitation occurs with the
presence of protein or chemicals (42), the OD260/OD2go ratios were determined for
an indication of DNA purity. Pure DNA has an OD260/OD2s ratio of ~1.8. Ratios
below 1.8 could be caused by protein contamination (aromatic amino acids absorb
at 280 nm) or phenol contamination (phenol absorbs maximally at 270 nm).
Contaminated DNA preparations were discarded and fresh cultures obtained for

DNA extraction.

2.2.4.3 H. pylori gene detection by PCR

PCR was used to confirm the identification of H. pylori by 16S rRNA and
to detect the presence or absence of virulence genes cag4, cagE, vacA and babA2
using primers that were previously published in the literature (Table 2.1). I
determined the number and type of EPIY A motifs of cagd™ H. pylori cultures using
two different methods. The first method was based on the size of the amplicon
obtained by a single primer pair (43). However, sequence analysis of the amplicons
was not consistent with the EPIYA type obtained with the first method. For this

reason, | used a second PCR method that utilized a specific primer pair for each
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EPIYA type and I verified the method by DNA sequence analysis (19). For all PCR
reactions, 20 ng of DNA was added to each PCR mixture of 50 uL containing 0.1-
0.2 uM primer, 1.5 mM MgCl, 1X PCR buffer (20 mM Tris-HCI, pH 8.4, 50 mM
KCl), 0.2 mM dATP, dCTP, dGTP and dTTP, and 1 U Platinum® Tt aqg DNA
polymerase under PCR conditions specified in Table 2.2. I separated PCR products
(amplicons) using agarose gel electrophoresis. PCR product aliquots of 10 uL were
mixed with 2 pL of 6X loading dye (30% (v/v) glycerol, 0.25% (w/v) bromophenol
blue and 0.25% (w/v) xylene cyanol) and then loaded into 1.5% agarose gels in
TAE electrophoresis buffer (40 mM Tris-Acetate and 1| mM EDTA, pH 8.5). A
reference DNA molecular weight (MW) size ladder (5 pL of 1 Kb plus DNA ladder,
Invitrogen, Carlsbad, CA, USA) was loaded into a separate well. Electrophoresis
was performed at 100 volts (E-C Apparatus Corporation electrophoresis power
supply, USA) for 30-60 minutes. Gels were stained in 0.5 pg/mL ethidium bromide
for 10-15 minutes, washed by soaking in water for 30 minutes to reduce background
staining, and then visualized under ultraviolet light using a UV imager (Bio-RaD
Gel DocTM EZ, Mississauga, Ontario) (44). Amplicon sizes were compared to
bands of the reference DNA MW size ladder. Reference H. pylori strains served as
positive controls for the different genotypes detected in this study: J99 (cag4, cagE,
vacA), 26695 (babA2), G27 (EPIY A motifs) and SS1 (babA2). The presence of a

4

gene is indicated as “positive” or * immediately following the name of the gene

(e.g. cagA positive or cagA”). The absence of a gene is indicated to be “negative”

313

or immediately following the gene name (e.g. cagd negative or cagA’). The
detection of more than one genotype per primary culture indicates the presence of
more than one H. pylori strain present. When more than one vacA4 genotype was
detected for the same primary culture, I included these cultures in my analyses
because individuals infected with more than one strain may be exposed to a putative
virulent vacA genotype. PCR primers used for cagA, cagE and babA2 identification
did not detect more than one type of these genes. Nucleotide sequence analysis of

these genes was not performed to confirm presence or absence of more than one

genotype.
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2.2.4.4 Nucleotide sequence analysis

cagA, vacA and babA2 genes were amplified from H. pylori genomic DNA
using Platinum® 7aq DNA polymerase high fidelity according to the same PCR
conditions specified in Table 2.2 but at an extension temperature of 68°C. PCR
amplicons were purified using the QIAquick® PCR purification kit (Qiagen,
Maryland, USA). The kit contains a silica membrane assembly for DNA binding in
high salt buffer at pH < 7.5. The high salt buffer was added directly to the PCR
sample (10:1), then the mixture was loaded onto the QIAquick spin column and
centrifuged for 1 min at 6000 rpm. PCR products were eluted with water by
centrifugation for 1 min at 17,900 x g. The purification procedure removes primers,
nucleotides, enzymes and other impurities from DNA samples that may interfere
with sequencing. The laboratory staff at the Applied Genomic centre, University
of Alberta sequenced the purified products using the Applied Biosystems Big Dye®
Terminator kit which uses fluorescent dye primer-based sequencing. DNA
sequencing is done using four different fluorescent dyes, which are attached to the
ddNTPs (dideoxy nucleoside triphosphates), thereby only one reaction tube per
sample is required. Each ddNTP (ddATP, ddCTP, ddGTP, or ddTTP) is labelled
with a different color of dye. DNA template, primer, buffer, four dNTPs, four
fluorescently labeled ddNTPs, and Taq DNA Polymerase are added to one reaction
tube. When dye-labeled ddNTPs are incorporated, the reaction is randomly
terminated, creating DNA fragments of different lengths. All terminated fragments
contain a dye at their 3’ end and can be analyzed to the corresponding DNA
sequence (45). I analyzed the obtained DNA sequences using DNAStar software
(Madison, USA).

2.2.5 babA2 expression

To investigate observed variations in babA2 amplicon size, I extracted RNA
and performed reverse transcription PCR (RT-PCR) of habA2 mRNA to cDNA to
determine whether differences in the babA2 gene expression were detected by

differences in the babA2 gene region amplified by PCR.
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2.2.5.1 RNA extraction

Total RNA was extracted for each of two Aklavik H. pylori primary
cultures,, (A62, A68) and one reference H. pylori strain J99 (positive control for
babA?2 expression) using TRIzol® reagent (Invitrogen, Carlsbad, CA, USA), which
is a monophasic solution of phenol, guanidine isothiocyanate, and other proprietary
components that facilitate the isolation of RNA from cells and tissues. A 24 h fresh
culture of H. pylori on BHI/YE/HS agar plates was suspended in BHI/YE broth to
achieve ODgoo=0.1. Cell suspension aliquots of 250 pL were centrifuged at 12,000
x g for 15 minutes to pellet the cells. TRIzol® Reagent (750 uL) was directly added
to cell pellets without washing and incubated for 5 minutes at room temperature
(RT) to permit complete dissociation of the nucleoprotein complex. Then, 200 pL
of chloroform was added and the tubes shaken vigorously by hand for 15 seconds
followed by incubation for 2—3 minutes at RT. The mixtures were centrifuged at
12,000 x g for 15 minutes at 4°C, then the colourless upper aqueous phase
transferred to a new tube. RNA was precipitated by adding 0.5 mL of 100%
isopropanol to the aqueous phase followed by centrifugation at 12,000 x g for 10
minutes at 4°C. RNA pellets were dissolved in 50 uL RNase free sterile water.
RNA concentration and purity were assessed as previously described in section
2.3.1 except that RNA quantitation is based on the relationship that an OD2go equal
to 1.0 corresponds to an RNA concentration of 40 pg/mL.

2.2.5.2 RT- PCR

RNA samples were incubated with DNase [ to digest any remaining
genomic DNA prior to performing RT-PCR using a high capacity cDNA reverse
transcription kit (Applied Biosystems, USA). A concurrent reaction in the absence
of reverse transcriptase was performed to confirm the absence of genomic DNA
(negative control). All reactions were performed in a 20 pL total volume containing
2 uL 10X RT buffer, 0.8 pL 25X dNTP mix (100 mM), 2 uL. 10X random primer,
1 puL MultiScribe™ reverse transcriptase, 4.2 pL nuclease free water and 10 uL

RNA (20 pg/pL). The reaction conditions were: 25°C for 10 min, 37°C for 120 min
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and 85°C for 5 min. babA2 cDNA was detected as an indicator of babA2

transcription and likely BabA protein expression.

2.2.6 Statistical analysis

I performed all the statistical analyses using IBM SPSS® version 20 (New
York, USA). To describe the distribution of H. pylori genotypes isolated from
residents of Aklavik, relative frequencies of genotype categories were tabulated.
The prevalence of histopathology outcomes among research participants with
recoverable primary H. pylori cultures was estimated by dividing the number with
the outcome by the total number included in the analysis. The prevalence of
histopathology outcomes were also estimated within genotype categories. If a
primary culture from an individual’s biopsy contained a single vacA4 genotype, this
was interpreted as being consistent with only one strain type being present and the
participant was classified in the analysis as having a single genotype. If a primary
culture from an individual’s biopsy contained more than one vac4 genotype, this
was interpreted as being consistent with more than one strain type being present
and the participant was classified in the analysis as having multiple genotypes. If a
participant with multiple genotypes had one identified as a putative virulent
genotype, the participant was classified as having the virulent genotype based on
exposure to the virulent genotype. Crude odds ratios (OR) and 95% confidence
intervals (CI) were calculated to estimate associations between genotypes and

prevalence odds of histopathology outcomes.

2.3 Results

2.3.1 H. pylori culture positive gastric biopsies

Of 194 gastric biopsies processed for H. pylori culture, 140 (72%) were
positive for H. pylori by biochemical testing (urease positive, catalase positive,
oxidase positive) and Gram stain. Anaerobic jar failure resulted in the loss of 12
cultures. Another 7 cultures could not be recovered after storage at -80°C, which

left a total of 121 primary cultures available for genotyping studies.
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2.3.2 Demographics of Aklavik H. pylori Project participants

Cultures included in this study were isolated from 121 Aklavik H. pylori
Project participants. Seventy two (60%) females and 49 (41%) males were included
in this study. The majority of participants (95%) were Aboriginal people (Inuit,
Gwich’in First Nations, or Metis). Participants’ ages ranged from 11-80 years; 58
(48%) were 11 - 34 years old, 42 (35%) were 35 - 54 years old and 21 (17%) were
older than 55 years.

2.3.3 Genotypic features of Aklavik H. pylori

The prevalence of cagA, cagE, vacA and babA2 genes in 121 Aklavik H.
pylori primary cultures are presented in Table 2.3. The cagA4 gene was detected in
36% (43/121) of H. pylori cultures. The cagE gene was detected in 31% (38/121)
of cultures and all cagE-positive cultures were also cagA-positive. The vacA and
babA2 genes were present in nearly all H. pylori cultures, 96% (116/121) and 97%
(117/121), respectively.

When subtyping the vacA4 gene by PCR, 24% (29/121) of cultures were
untypeable for the s region (vacA Sunknown), because no amplicon was detected with
the primer pairs used in this study (Figure 2.1). Sequence analysis of the vacA gene
of these cultures confirmed the presence of the s/ type in each of them (Figure
2.2). PCR successfully differentiated vac4 il and i2 (Figure 2.3) and vac4 m1 and
m2 (Figure 2.4) for all the cultures tested. Eleven primary cultures (10 cagd
positive, 1 cagA negative) had more than one vacA type. Since the vac4 gene is
present in a single copy in the H. pylori genome, the presence of more than one
vacA type indicates the presence of more than one strain. For 10 cultures, amplicons
were detected for vacA il and i2 when typed for vacA i and so those cultures were
identified as having both types. Similarly, 9 cultures were identified as having both
ml and m2 types when more than one vacA genotype was present. Six different
vacA types were detected; sl/il/ml, sl1/il/m2, s2/il/m2, s1/i2/m2, s2/i2/m2, and
s1/i2/ml. Five of these vacA types occurred in genotypes that were positive for the
cagA gene. In contrast, only 3 vacA types occurred in genotypes that were cagA

negative. The cagA gene was observed in nearly all cultures with vac4 s1/il/ml
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genotypes (26/27) while nearly all cultures with vacA s1/i2/m2 (43/44) or vacA
§2/i2/m2 (28/29) strain types did not have the cagA gene.

The EPIYA-ABC type was detected in 91% (39/43) of cagA-positive H.
pylori, whereas EPIYA-AB and EPIYA-ABCC types were detected in 2% (1/43)
and 7% (3/43) of cagA-positive H. pylori, respectively. Sequence analysis of three
cultures that could not be amplified using the EPIYA-C primers (ABCunknown)
revealed a difference in a single amino acid (glutamic acid instead of aspartic acid)
in the C region (ABC*). This EPIY A-ABC* mutation was not reported previously
in the literature (Figures 2.5 and 2.6).

Two different amplicon sizes were detected using babA2 primers; an
expected one at 271 bp and an unexpected one at 248 bp. Of Aklavik cultures, 71%
(86/121), had the unexpected 248 bp amplicon size. Of note, variation in the babA2
amplicon size was observed in reference strain G27 as well as in H. pylori cultured
from an Alberta individual (Figure 2.7). Sequence analysis of babA2 of two
Aklavik H. pylori strains, identified as A62 (271 bp) and A68 (248 bp), showed a
deletion of 13 and 33 bp respectively (Figure 2.8). A62 had the same babA?2
amplicon size as reference strain J99 but did not express the gene (as indicated by
failure to detect babA2 mRNA using reverse transcriptase PCR), while J99 did.
A68 had the unexpected babA2 amplicon size (248 bp) but expressed the gene
(Figure 2.9).

2.3.4 Distribution of histopathology outcomes

A total of 121 research participants with histopathology data had H. pylori
cultures available for this analysis. However, 119 participants were included in
analyses of acute gastritis because data was missing for 2 participants. The
distribution of gastritis severity, atrophy and intestinal metaplasia among 121
participants is presented in Table 2.4. Acute and chronic gastritis were detected in
81% (96/119) and 84% (102/121), respectively, of participants with recovered H.
pylori cultures. However, H. pylori was negative by histopathology in 21
participants with positive results by culture; none of these 21 participants had acute

gastritis and only two had chronic gastritis, which was mild in both cases. H. pylori
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may have patchy distribution and so it is possible that its detection may be missed
by histopathology. Atrophy was detected in 21% (26/121) of participants, while
intestinal metaplasia was detected in 9% (11/121) of participants. Severe acute
gastritis was observed in only 7% (8/119) of participants while moderate gastritis
was seen in 27% (32/119) of participants. Almost half (47%, 56/119) of the
participants had mild acute gastritis, and no gastritis was detected in 19% (23/119)
of participants. The picture was quite different for chronic gastritis where more than
three quarters (76%) of participants had moderate to severe chronic gastritis. Severe
chronic gastritis was detected in 40% (49/121) while moderate chronic gastritis was
observed in 36% (44/121) of participants. Nine participants (7%) had mild chronic
gastritis and no signs of chronic gastritis were detected in 16% (19/121). Due to the
small number of cases of severe acute gastritis, moderate and severe gastritis were
combined for further analysis: 33% (40/121) of participants had moderate or severe

acute gastritis, while 77% had moderate or severe chronic gastritis.

2.3.5 Prevalence of histopathology outcomes by genotype

The estimated associations of genotypes with the prevalence odds of acute
gastritis, chronic gastritis, atrophy and intestinal metaplasia are presented in Tables
2.9, 2.9a and 2.10. Outcomes were dichotomized based on their distribution across
severity categories. The chronic gastritis outcome was dichotomized as more severe
or less severe in two manners. Table 2.9 shows results for the dichotomization as
moderate/severe versus absent/mild while table 2.9a shows results for
dichotomization as severe versus absent/mild/moderate. For acute gastritis,
participants with cag4-positive H. pylorihad 2.2 (95% CI: 1.0 —4.8) times the odds
of moderate/severe acute gastritis relative to participants with cagA4-negative H.
pylori. For the vacA gene, participants with vacA4 il H. pylori had 2.0 (95% CI: 0.9
- 4.4) times the odds of moderate/severe acute gastritis relative to participants with
vacA il-negative H. pylori; participants with vacA m1 H. pylori had 1.7 (95% CI:
0.7 - 3.7) times the odds of moderate/severe acute gastritis relative to participants
with vacA mil-negative H. pylori. Acute gastritis was minimally associated with

vacA sl and babA?2.
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Chronic gastritis had weak-to-moderate inverse associations with cagA-
positive, vacA il, or vacA ml, but a weak positive association with vac4 sl (odds
ratio: 1.2, 95% CI: 0.5 — 3.0). When H. pylori participants with babA2 248 bp
cultures were compared to participants with H. pylori cultures that had a different
amplicon size of babA2 or were babA2-negative, the odds ratio for chronic gastritis
was 1.8, 95% CI: 0.7 — 4.3.

When severe chronic gastritis was compared to absent/mild/moderate acute
gastritis, moderate-to-null associations were observed for all the investigated
virulent genotypes with the exception of habA2 248 bp where an odds ratio of 1.8
(95% CI: 0.8 - 4.0) was estimated.

For the presence or absence of atrophy, weak-to-moderate positive
associations were observed for all of the investigated putative virulent genotypes,
with the strongest being 1.8 (95% CI: 0.7 — 4.3) for cagA. For the presence or
absence of intestinal metaplasia, participants with cagA4-positive or vacA sl H.
pylori had 2.4 (95% CI: 0.7 — 8.3) and 2.3 (95% CI: 0.5 — 11.1) times the odds of
intestinal metaplasia, respectively relative to participants with cagA-negative or
vacA sl-negative H. pylori. Weak associations with intestinal metaplasia were

observed for the rest of the investigated putative virulence genotypes.

2.4 Discussion

H. pylori is a gastric pathogen that causes one of the most common bacterial
infections. Based on a modest body of literature, it has been inferred that the
prevalence of H. pylori infection has declined in the overall population of Canada
(46), but it 1s still high in Canadian Aboriginal communities (47). The
seroprevalence of H pylori in Canada was previously reported to vary between 21%
and 95%, but for Aboriginal communities, a prevalence of 50% or more was
reported (7,48).

In the present study, 121 Aklavik H. pylori cultures were typed for four
genes (cagA, cagE, vacA and babA2) using PCR. As expected, the majority of
cultures have the vac4 and babA2 genes but approximately one third have the genes

cagA and cagFE belonging to the cag pathogenicity island. High prevalence of acute
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and chronic gastritis was observed (81% and 84% respectively) in participants,
while atrophy and intestinal metaplasia were less frequently observed, in 21% and
9% of participants, respectively. Individuals with H. pylori cultures genotyped as
positive for cagA, vacA il, or vacA ml showed increased prevalence odds of
moderate/severe acute gastritis compared to individuals with H. pylori cultures that
were negative for these genotypes. Odds ratios greater than 2.0 with very wide Cls
were estimated for intestinal metaplasia when individuals with H. pylori cultures
genotyped as positive for cagA or vacA il were compared to individuals with H.
pylori cultures that were negative for these genotypes. Individuals with H.
pylori cultures genotyped as positive for bab42 248 bp showed increased
prevalence odds of acute and chronic gastritis compared to individuals with H.
pylori cultures lacking this amplicon size. For gastric atrophy, individuals with H.
pylori cultures genotyped as cagA-positive showed increased prevalence odds of
gastric atrophy compared to individuals with H. pylori cultures that were cagA-
negative. No clear evidence of a positive association between the putative virulent
genotype and increased odds of more severe histopathology was observed for the
rest of the tested genotypes.

The observed prevalence of the cag4 gene in the Aklavik study was 36%,
which is slightly higher than the observed prevalence of cag4 in two Brazilian
studies (49,50) but lower than the prevalence reported from studies conducted in
other countries (Table 2.10). In the present study, cagA4 positivity was associated
with higher prevalence odds of moderate-severe acute gastritis, presence of atrophy
and presence of intestinal metaplasia. A summary odds ratio of similar magnitude
2.1 (95% CI, 1.5-3.0) was estimated for the association between cagA positivity
and gastric cancer in a meta-analysis of 44 studies that included a combined total
of 17,374 patients.(51).

The detection of at least one EPIYA-C motif in 98% of cagA-positive
Aklavik cultures and the absence of EPIYA-D motif is consistent with a Western
origin of these cultures. A recent study identified Aklavik H. pylori strains as
predominantly of European and Amerindian origin (52). In the present study, it was

not possible to investigate whether the number of EPTY A-C sequences is associated
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with a higher prevalence of abnormal pathology because more than one EPIYA-C
motif (two repeats) was detected in only three cultures. Each of the cultures with
two EPIYA-C repeats came from a different participant; each of these three
participants had severe chronic gastritis, but this is not enough evidence for drawing
conclusions about the effect of multiple EPIYA-C sequences. Authors of a recent
study of 84 cagA-positive H. pylori cultures from Colombia reported a lack of
association between the number of EPIYA-C-repeats and abnormal cellular
response (IL-8 production or cellular elongation) (53). Similar to the Aklavik study,
the EPIYA-ABC motif was the most frequently detected type, observed in 61%
(51/84) of the Colombian cultures.

Evidence of more than one vacA type in gastric biopsy culture from a single
participant was found in 9% of cultures (11/121). Similar proportions of cultures
with more than one vacA type have been reported by others (54,55). Gatti ef al,,
reported that 12% of 89 gastric biopsies taken from Brazilian adult patients had
more than one vacA type (55). Another study in Brazil reported that 17% of 165
gastric biopsies had more than one H. pylori strain upon typing for vacA4 (54). The
nearly universal prevalence of the vacA gene detected in the Aklavik cultures was
similar to estimates from studies conducted in other countries (56-59). Although
the observed prevalence of cagAd and babA2 in H. pylori isolated from different
regions varies, vacA prevalence is consistently high. In the present study,
participants with cultures of the vac4 il subtype had approximately twice the
prevalence odds of acute gastritis compared to participants with cultures of the vacA4
i2 subtype. Winter et al, reported a strong association between vacA il and
precancerous intestinal metaplasia in mice (30). A meta-analysis that included adult
populations infected with H. pylori isolated in four Southeast Asian countries
(Vietnam, Thailand, Singapore, and Malaysia), estimated an association between
vacA ml, compared to vacA m2, and increased prevalence odds of peptic ulcer
disease (OR: 1.5, 95% CI: 1.0-2.1), but did not observe such an association when
comparing vacA s1 or il with s2 or i2, respectively (60). A recent meta-analysis of
42 studies reported summary ORs indicating increased odds of duodenal ulcer when

comparing vacA s1 to s2 (OR =3.0, 95 % CI=2.3-3.8), mI tom2 (OR=1.5,95%
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CI=1.1-2.0) and s/m! to s2m2 (OR = 1.9, 95 % CI=1.5-2.4) (61). In the Aklavik
study, the estimated odds ratio for the presence of intestinal metaplasia was 2.3
(95% CI, 0.5-11.1) when vacA4 s1 was compared to vacA s2. Only three Aklavik
H. pylori cultures were obtained from participants with a diagnosed gastric ulcer,
and therefore estimating the association between vacA type and peptic ulcer was
not an objective of this study. Two participants with gastric ulcer had H. pylori
cultures with only vacA sli2m2, while the third participant had vac4
slilm2/s2i2m2, suggesting the presence of more than one strain of H. pylori in the
biopsy.

In the present study, the babA2 gene was detected in nearly all Aklavik
cultures (97%), so the association between the presence of the habA2 gene and
severe histopathology could not be estimated. However, participants with the
unexpected amplicon size of babA2 (248 bp) had 1.8 (95% CI: 0.8 — 4.0) times the
odds of severe chronic gastritis relative to participants without the 248 bp amplicon
size, raising the question of whether the expression of the babA2 gene differed
depending on the amplicon size. In the present study, the expression of the babA2
gene was studied in two Aklavik cultures that represent each of the two amplicon
sizes, with the expected amplicon size lacking babA2 expression and the
unexpected amplicon size expressing babA2. This observation provides some
support for the hypothesis that the babA2 amplicon size influences babA2
expression, though this needs be examined in more cultures to generate enough
evidence for drawing conclusions. However, cultures that lack the expressed form
of babA2 may have other adhesins that facilitate their adhesion and contribute to
their virulence, which may obscure the effect of the habA2 gene on histopathology
outcomes. A recent meta-analysis of 38 studies from around the world including a
total of 1,535 patients (63), showed that the prevalence of hab42 and its association
with clinical outcomes varied across studies (Table 2.11). Estimates of associations
between the presence of the babA2 gene and increased prevalence of gastric
inflammation, peptic ulcer, gastric cancer or intestinal metaplasia were inconsistent

across studies. A summary odds ratio of 2.1 (95% CI, 1.5-2.8) was estimated for
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the association between babA2 positivity and the prevalence odds of peptic ulcer
disease (63).

The data used for this analysis come from a community-based research
project that screened more than 50% of Aklavik residents for H. pylori infection by
urea breath test. Of note, 39% of all research participants and 26% of participants
with recovered H. pylori cultures were asymptomatic. Studying both symptomatic
and asymptomatic participants allows for better understanding of the role of
virulence factors as predictors of specific clinical outcomes. Most published studies
on the association between H. pylori genotype and clinical outcomes have been
restricted to patients seeking clinical attention because they suffer from symptoms
of dyspepsia. Exclusion of asymptomatic participants in research on virulence
factors may distort the estimates of the effects of virulence factors on specific
clinical outcomes.

Although a large proportion of the residents of the small community of
Aklavik participated in the community-based project, this analysis was limited by
the small numbers in specific genotype and histopathology categories. There are
other limitations to consider when interpreting these results. It is not possible to
determine whether the infecting H. pylori organisms were replaced by others with
distinct genotypes over time or whether the genotype of persistent H. pylori
organisms changed over time within each individual. A participant may have been
infected with a cagd-positive H. pylori strain and the bacteria may have lost cagA
over the course of the infection after inducing damage to the gastric epithelium.
Additionally, the present study estimated only crude odds ratios which did not
control for potential confounding variables. More detailed analyses that identify
potential confounders and control for confounding will be presented in future
publications of the CANHelp Working Group. This future work will also estimate
effects of a greater number of genotype profiles, using larger samples sizes
achieved by the inclusion of data from other communities in the Yukon and
Northwest Territories. Increasing the sample size and examining additional

genotype profiles using multivariable analysis will yield more informative results
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on the relationship between hypothesized H. pylori virulence factors and
histopathology outcomes.

In conclusion, there is a high prevalence of H. pylori infection and selected
gastric histopathology outcomes among participants in the Aklavik H. pylori
Project. Acute and chronic gastritis were detected in more than 80% of research
participants with H. pylori cultured from gastric biopsies. Investigation of potential
precancerous lesions revealed that approximately one in five participants had
atrophy while one in ten had intestinal metaplasia. Estimation of the association of
three major virulence factors with gastric histopathology revealed that individuals
with acute gastritis, atrophy or intestinal metaplasia had a higher frequency of
infection with cagA-positive, vacA il and/or vacA ml-positive H. pylori while
individuals with chronic gastritis, atrophy or intestinal metaplasia had a higher
frequency of infection with vacA sI or babA2 248 bp strains. The present study
contributes to other work done by the CANHelp Working Group to address the
concerns raised by community members regarding the perceived risk of gastric

cancer.
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Figure 2.1 Typing of H. pylori vacA gene for s-region

A single primer pair was used to type the vacA gene for the s-region as described
in section 2.2.4.3. The vacA s1 type amplicon size is 259 bp, while the vacA4 s2 type
amplicon size is 286 bp. The vacA4 su (s unknown) type represents a non-typable
vacA that could not be amplified with the primer pairs used in this study.

H. pylori J99 served as a positive control for the vacA4 s/ type, while H. pylori A3
served as a positive control for the vacA s2 type. C. jejuni CO848 served as a non-
H. pylori DNA negative control. Water served as a no DNA negative control. “A”
samples represent H. pylori isolated from residents of Aklavik. A 1 Kb plus DNA

ladder served as a reference to estimate amplicon size.
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............. CECCTTTTTCACAACCGTGATCATT

Figure 2.2 Sequence analysis of Aklavik H. pylori A32 vacA su

Sequence analysis (as described in section 2.2.4.4) of A32 vacA su (s type unknown by PCR) compared with H. pylori reference strains

J99 vacA s1 (NCBI Reference Sequence: NC_000921.1) and Tx30a vacA4 s2 (ATCC 51932, GenBank U29401)
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Figure 2.3 Typing of vacA gene for i-region

Two different primer pairs were used to type the vacA gene for the i-region as
described in section 2.2.4.3. The amplicon size obtained by vacA il PCR was 426
bp while the amplicon size obtained by vacA i2 PCR was 432 bp. Mixed H. pylori
cultures had amplicons for both vacA4 iland vacA i2 PCR.

H. pylori J99 served as a positive control for the vacA4 il type, while H. pylori A3
served as a positive control for the vac4 i2 type. C. jejuni CO848 served as a non-
H. pylori DNA negative control. Water served as a no DNA negative control. “A”
samples represent H. pylori isolated from residents of Aklavik. A 1 Kb plus DNA

ladder served as a reference to estimate amplicon size.
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Figure 2.4 Typing of vacA gene for m-region

A single primer pair was used to type the vacA gene for the m-region as described
in section 2.2.4.3. The vacA ml type amplicon size is 567 bp while the vac4A m?2
type amplicon size is 642 bp. Mixed H. pylori cultures had amplicons for both vacA4
ml and vacA m2.

H. pylori J99 served as a positive control for the vac4 m1 type, while H. pylori A3
served as a positive control for the vacA m2 type. C. jejuni CO848 served as a non-
H. pylori DNA negative control. Water served as a no DNA negative control. “A”
samples represent H. pylori isolated from residents of Aklavik. A 1 Kb plus DNA

ladder served as a reference to estimate amplicon size.
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Figure 2.5 Sequence analysis of EPIYA regions of two Aklavik cultures

A150

Sequence analysis (as described in section 2.2.4.4) of A150 (EPTY A-ABCunknown by PCR) revealed a difference in a single nucleotide
(A) instead of (T) when compared with another Aklavik isolate (A80) that had EPTYA-ABC type.
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H. pylori G27 (EPIYA ABCC)
GLKNSTEPIYAKVNKKKAGQAASPEEPIYAQVAKKVNAK|DRLNQIASGLGWG

QAVGFPLKRHDKVGDLSKVGQSVSPEPIYATIDDLGGPFPLKRHDKVGDLSKV
GLSVSHEPIYATIDDLGGPFPLKRHDK

H. pylori A80 (ABC)
LGLKNEPIYAKVNK KTGEVASPHEEPIYAQVAKKVNAKlDRLNQIASGLGGVGKA

AGFPLKRHDKVDDLSKVGRSVSPEPIYATIDDLGEGPFPLKRHDKVDDLSKVGLS

H. pylori A150 (ABC*)
GLKNEPIYAKVN KKIGQVASPE'EPIYAQVAKKVNAK'DRLNQIASGLGGVGQAA

GFPLKRHDKVDDPSKVGLSASPEPIYATIDELGGPFPLKRHDKVDDLSKVGLS

Figure 2.6 Amino acid sequences of EPIYA regions of reference H. pylori
isolate G27 and two Aklavik cultures

Amino acid sequence analysis of A150 that could not be amplified using the
EPIYA-C primers (ABCunknown) revealed a difference in a single amino acid

(glutamic acid instead of aspartic acid) in the C region (ABC*).
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Figure 2.7 babA2 gene amplification for H. pylori reference strains, Alberta
and Aklavik cultures

The babA2 gene was detected by PCR for reference strain G27, Alberta isolate
UA 763, and Aklavik cultures as described in section 2.2.4.3. A 1 Kb plus DNA

ladder served as a reference to estimate amplicon size.
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B
TTCCAAATACATTCTAATGCAAATGCATTCTAATGCAAATGTATAATGAATGTATG

. 100 110 120 130 140
babAZ*  TTCCAAATACATTCTAATGCAAATGCATTCTAATGCAAATGTATAATGAATGTATG
A68babA2 CTCCAAATACATTCCAA - = - = = = = = oo oo m e e e e e e e e - TGTATG

(B  I— |
TAATGCAAATGCATTCTAATGCAAATGTATAATGAATGTATGAAATCCCTAATATT!

) 110 120 130 140 150 1
babA2 TAATGCAAATGCATTCTAATOCAAATGTATAATGAATGTAT GAAAT CCCTAATAT T
A62 babA2 ‘CAAT GCAAAT GCATTCCAA- = = = = = = = = m e e e e = = - TGTATGAAATCCCTAATATT-

* babA2 of H. pylori strain CCUG17875

Figure 2.8 Sequence analysis of babA2 of two Aklavik H. pylori cultures
Sequence analysis (as described in section 2.2.4.4) of babA2 of A62 and A68 indicate a deletion (represented by ------ )of 13 bp and
33 bp, respectively. The sequences aligned with the babA42 sequence published in GenBank (AF033654.1)
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DNA cDNA (mRNA)

Figure 2.9 babA2 expression of J99 (reference strain) and two Aklavik cultures (A62 and
A68)

Expression of the babA gene was performed as described in section 2.2.5. Genomic DNA from
Aklavik cultures A62 (271 bp) and A68 (248 bp) served as positive controls for the presence of
the babA2 gene. C. jejuni CO848 served as a non-H. pylori DNA negative control. Water served
as ano DNA negative control. The “no-RT” negative controls did not contain reverse transcriptase
and served as controls for the absence of genomic DNA. cDNA represents bab42 mRNA
transcripts assessed for reference strain H. pylori J99 (271 bp), A62 and A68. A 1 Kb plus DNA

ladder served as a reference to estimate amplicon size.
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Table 2.1 PCR primer sets used for Aklavik H. pylori genotyping

Gene Primer Sequence Amplicon Source
size (bp)
HPF 5’-GCGACCTGCTGGAACATTAC-3’
16S rRNA 138 (64)
HPR 5’-CGTTAGCTGCATTACTGGAGA-3’
cagPl 5’-CCATTTTAAGCAACTCCATAAACC-3’
cagA 1027 (65)
cagB1 5’-CTGCAAAAGATTGTTTGGCAGA-3’
cagE(f) 5-TTGAAAACTTCAAGGATAGGATAGAGC-3’
cagk 508 (66)
cagE(r) 5’-GCCTAGCGTAATATCACCATTACCC-3’
cagA25305 5’-GTTAARAATRGTAAYGG-3’
EPIYA 470-670 (43)
cagA30004S | 5S>-TTTAGCTTCTGATACCGC-3’
cagA28F 5-TTCTCAAAGGAGCAATTGGC-3’
EPIYA-A 264
cagA-PIC 5’-GTCCTGTTTTCTTTTTATAACTTTAG-3’
A28F 5’-TTCTCAAAGGAGCAATTGGC-3’
EPIYA-B |5%% 309 (19)
cagAP2CG | 5S>-TTTAGCAACTTGAGGGTAAATGGG-3’
A28F >-TTCTCAAAGGAGCAATT -3’
EPIvA.C 5% 8 5 CTC GGAGC GGC-3 465-498
cagA-P3E 5’-ATCAATCGTAGCGTAAATGGG-3’
VAI-F 5’-ATGGAAATACAACAAACACAC-3’ 259 (s1)
vacA s (26)
VAI-R 5’-CTGCTTGAATGCGCCAAAC-3’ 286 (s2)
VacF1(+) 5’-GTTGGGATTGGGGGAATGCCG-3’
vacA il CIR (-) 5’-TTAATTTAACGCTGTTTGAAG-3’ 426 (i1) (29)
vacA i2 C2R (-) 5’-GATCAACGCTCTGATTTGA-3’ 432 (i2)
VAG-F 5’-CAATCTGTCCAATCAAGCGAG-3’ 567 (ml)
vacA m (25)
VAG-R 5’-GCGTCAAAATAATTCCAAGG-3’ 642 (m2)
babA-F 5’-CCA AAC GAA ACA AAA AGC GT-3’
babA2 271 (67)
babA-R 5’-GCT TGT GTA AAA GCC GTC GT-3’
babA2(+) 5'-AATCCAAAAAGGAGAAAAAGTATGAAA-3’
babA2 850 (14)
babA2(-) 5""TGTTAGTGATTTCGGTGTAGGACA-3'
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Table 2.2 PCR reaction conditions used for Aklavik H. pylori genotyping

Gene Denaturation | Annealing | Extension | N of Source
Temperature °C (Time) cycles
168 rRNA | 95 (30 sec) 60 (1 min) 72 (1 min) 35 (64)
cagA 94 (30 sec) 50 (45 sec) 72 (45 sec) 40 (65)
cagk 94 (45 sec) 53 (30 sec) 72 (90 sec) 35 (66)
EPIYA 94 (30 sec) 50 (45 sec) 72 (45 sec) 35 (43)
EPIYA 94 (1 min) 45 (1 min) | 72 (1 min) 35 (19)
vacA s 94 (1 min) 52 (1 min) 72 (1 min) 35 (26)
vacA i 95 (30 sec) 52 (1 min) 72 (1 min) 35 (29)
vacA m 94 (1 min) 57 (1 min) 72 (1 min) 35 (25)
babA2 94 (1 min) 45 (1 min) 72 (1 min) 30 (67)
babA2 94 (1 min) 45 (1 min) 72 (1 min) 30 (14)
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Table 2.3 Genotype distribution of 121 Aklavik H. pylori cultures

Aklavik
Genotype H. pylori cultures
n % of 121
cagA+ 43 36
cagE+ 38 31
babA2+ 117 97
vacA+ 116 96
vacA type
sl/il/ml 27 22
s1/i2/m2 44 36
§2/i2/m2 29 24
s1/il/m2 1 1
s2/il/m2 3 2
s1/i2/ml 1 1
sl/il/ml + s1/il/m2 1 1
s2/il/m2 + s2/i2/m2 2 2
sl/il/ml + s1/i2/ml + s1/il/m2 + s1/i2/m2 8 7
Presence of vacA alleles hypothesized to be
more virulent, with or without other alleles
sl 82 68
il* 32 26
ml* 28 23

*10 participants with i/ also had an i2 strain; 9 participants with m/ also had an m2 strain
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Table 2.4 Distribution of gastritis severity, atrophy and intestinal metaplasia among

research participants

Histopathology Distribution
n (total) %
Acute gastritis 96 (119) 81
Absent 23 19
Mild 56 47
Moderate 32 27
Severe 8 7
Chronic gastritis 102 (121) 84
Absent 19 16
Mild 9 7
Moderate 44 36
Severe 49 40
Gastric atrophy 26 (121) 21
Absent 95 79
Mild 23 19
Moderate 2 2
Severe 1 1
Intestinal metaplasia 11 (121) 9
Absent 110 91
Mild 7 6
Moderate 3 2
Severe 1 1
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Table 2.5 Acute gastritis severity by H. pylori genotype

Acute Gastritis Severity

Genotype Severe  Moderate Mild Absent

Total n % % % %

119 7 27 47 19

cagA absent 77 9 18 53 19

present 42 2 43 36 19

vacds 52 33 6 24 45 24

sl 81 6 28 48 17

i2 only 73 8 19 55 18

. 12 +/- others 82 7 21 52 20
vacAi

il only 32 3 44 34 19

il +/- others 41 2 41 34 22

m2 only 78 8 22 53 18

vacAm m?2 +/- others 86 7 23 51 19

ml only 28 4 39 36 21

ml +/- others 36 3 39 36 22

absent 5 20 20 40 20

slilmlonly 27 4 37 37 22

slilml+/- others 35 3 37 37 23

slil only 29 3 38 38 21

slil+/- others 36 3 39 36 22

slmlonly 28 4 39 36 21

slml+/- others 36 3 39 36 22

ilml only 27 4 37 37 22

vacA  ilml+/- others 35 3 37 37 23

s2i2m?2 28 7 18 50 25

s2i2m2+/- others 30 7 17 50 27

§2i2 28 7 18 50 25

s2i2+/- others 30 7 17 50 27

s2m2 33 6 24 45 24

s2m2+/- others 33 6 24 45 24

i2m2 72 8 18 56 18

i2m2+/- others 81 7 20 53 20

absent 4 0 25 75 0

babA2 271 31 0 39 32 29

248 83 10 23 51 17

present™ 1 0 0 100 0

* identified positive by another primer pair
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Table 2.6 Chronic gastritis severity by H. pylori genotype

Chronic Gastritis Severity

Genotype Severe  Moderate Mild Absent
Total n % % % %

121 40 36 7 16

cagA absent 78 38 40 5 17
present 43 44 30 12 14

vacds 52 34 41 32 9 18
sl 82 40 38 7 15

i2 only 74 38 42 4 16

vacdi i2 +/- others 84 37 40 6 17
il only 32 50 25 13 13

il +/- others 42 45 26 14 14

m2 only 79 39 41 5 15

vacAm m2 +/- others 88 40 39 6 16
ml only 28 43 29 14 14

ml +/- others 37 43 27 14 16

absent 5 40 40 0 20
slilmlonly 27 48 26 11 15
slilml+/- others 36 47 25 11 17

slil only 29 52 24 10 14

slil+/- others 37 47 24 11 16
simlonly 28 46 29 11 14

slml+/- others 37 46 27 11 16

ilml only 27 48 26 11 15

vacA ilml+/- others 36 47 25 11 17
§2i2m?2 29 41 31 7 21
s2i2m2+/- others 31 39 32 10 19

§2i2 29 41 31 7 21

§2i2+/- others 31 39 32 10 19

s2m?2 34 44 34 9 19

s2m2+/- others 34 44 34 9 19

i2m2 73 38 41 4 16

i2m2+/- others 83 37 40 6 17

absent 4 25 75 0 0

babA2 271 31 35 29 16 19
248 85 44 36 5 15

present™ 1 0 100 0 0

* identified positive by another primer pair
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Table 2.7 Gastric atrophy severity by H. pylori genotype

Gastric Atrophy Severity

Genotype Severe  Moderate Mild Absent
Total n % % % %
121 1 2 19 79
absent 78 1 1 15 82
cagA

present 43 0 2 26 72
vacd s 52 34 3 0 18 79
sl 82 0 2 21 77
i2 only 74 1 1 19 78
vacd i i2 +/- others 84 1 2 18 79
il only 32 0 0 25 75
il +/- others 42 0 2 21 76
m2 only 79 1 1 18 80
m2 +/- others 88 1 2 17 80

vacA m
ml only 28 0 0 29 71
ml +/- others 37 0 3 24 73
absent 5 0 0 0 100
slilmlonly 27 0 0 26 74
slilml+/- others 36 0 3 22 75
slil only 29 0 0 24 76
slil+/- others 37 0 3 22 76
slmlonly 28 0 0 29 71
slml+/- others 37 0 3 24 73
ilml only 27 0 0 26 74
vacA ilml+/- others 36 0 3 22 75
s2i2m?2 29 3 0 17 79
s2i2m2+/- others 31 3 0 16 81
§2i2 29 3 0 17 79
s2i2+/- others 31 3 0 16 81
s2m2 34 3 0 18 79
s2m2+/- others 34 3 0 18 79
i2m2 73 1 1 18 79
i2m2+/- others 83 1 2 17 80
absent 4 0 0 0 100
babA2 271 31 0 0 23 77
248 85 1 2 19 78
present™® 1 0 0 0 100

* identified positive by another primer pair
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Table 2.8 Intestinal metaplasia severity by H. pylori genotype

Intestinal Metaplasia Severity

Genotype Severe  Moderate Mild Absent
Total n % % % %
121 1 2 6 91
cagA absent 78 1 3 3 94
present 43 0 2 12 86
vacd s 52 34 3 0 3 94
sl 82 0 4 7 89
i2 only 74 1 3 5 91
vacd i i2 +/- others 84 1 4 5 90
il only 32 0 0 9 91
il +/- others 42 0 2 7 90
m2 only 79 1 3 5 91
m2 +/- others 88 1 3 5 91
vacA m
ml only 28 0 0 11 89
ml +/- others 37 0 3 8 89
absent 5 0 0 0 100
slilmlonly 27 0 0 19 81
slilml+/- others 36 0 3 14 83
slil only 29 0 0 17 83
slil+/- others 37 0 3 14 84
simlonly 28 0 0 18 82
slml+/- others 37 0 3 14 84
ilml only 27 0 0 19 81
vacA ilml+/- others 36 0 3 14 83
§2i2m?2 29 3 0 3 93
s2i2m2+/- others 31 3 0 3 94
§2i2 29 3 0 3 93
s2i2+/- others 31 3 0 3 94
s2m2 34 3 0 3 94
s2m2+/- others 34 3 0 3 94
i2m2 73 1 3 5 90
i2m2+/- others 83 1 4 5 90
absent 4 0 0 0 100
babA2 271 31 0 0 6 94
248 85 1 4 5 91
present™ 1 0 0 100 0

* identified positive by another primer pair

123




Table 2.9 Estimated effects of genotype on the prevalence odds of acute gastritis and

chronic gastritis

Acute Gastritis Severity

Genotype Total moderate/severe  absent/mild QR 95% CI
n n n
absent 77 21 56 1.0
cagA
present 42 19 23 2.2 1.0-4.8
s1 absent 38 12 26 1.0
vacA s
s1 present 81 28 53 1.1 0.5-2.6
. il absent 78 22 56 1.0
vacAi
il present 41 18 23 2.0 09-4.4
ml absent 83 25 58 1.0
vacAm
ml present 36 15 21 1.7 0.7-3.7
babA2 248 absent 36 13 23 1.0
248 present 83 27 56 0.9 04-1.9

Chronic Gastritis Severity

absent 78 61 17 1.0
cagA
present 43 32 11 0.8 0.3-1.9
sl absent 39 29 10 1.0
vacA s
s/ present 82 64 18 1.2 0.5-3.0
. il absent 79 63 16 1.0
vacAi
il present 42 30 12 0.6 0.3-1.5
ml absent 84 67 17 1.0
vacAm
ml present 37 26 11 0.6 03-1.5
babA2 248 absent 36 25 11 1.0
248 present 85 68 17 1.8 0.7-4.3
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Table 2.9a Estimated effects of genotype on the prevalence odds of chronic gastritis using

an alternate categorization

Chronic Gastritis Severity
Genotype Total severe moderate/mild/absent QR 95% CI
n n n
absent 78 30 48 1.0
cagA
present 43 19 24 1.3 0.6-2.7
s1 absent 39 16 23 1.0
vacA s
s present 82 33 49 1.0 04-2.1
.1l absent 79 30 49 1.0
vacAi
il present 42 19 23 1.3 0.6-2.9
m1 absent 84 33 51 1.0
vacAm
ml present 37 16 21 1.2 0.5-2.6
babA2 248 absent 36 11 25 1.0
248 present 85 37 48 1.8 0.8-4.0
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Table 2.10 Estimated effects of genotype on the prevalence odds of gastric atrophy and

intestinal metaplasia

Gastric Atrophy Severity

Genotype Total Present Absent QR 95% CI
n n
caod absent 78 14 64 1.0
5% oresent 8 12 31 18 0.7-4.3
s1 absent 39 7 32 1.0
vacA s
s1 present 82 19 63 1.4 0.5-3.6
. il absent 79 16 63 1.0
vacAi
il present 42 10 32 1.2 0.5-3.0
ml absent 84 16 68 1.0
vacAm
ml present 37 10 27 1.6 0.6-3.9
babA2 248 absent 36 7 29 1.0
248 present 85 19 66 1.2 0.5-3.1

Intestinal Metaplasia Severity

absent 78 5 73 1.0
cagA
present 43 6 37 2.4 0.7-8.3
s1 absent 39 2 37 1.0
vacA s
s/ present 82 9 73 23 0.5-11.1
. il absent 79 7 72 1.0
vacAi
il present 42 4 38 1.1 0.3-3.9
m1 absent 84 7 77 1.0
vacAm
ml present 37 4 33 1.3 0.4-4.9
babA2 248 absent 36 3 33 1.0
248 present 85 8 77 1.1 0.3-4.6
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Table 2.11 Prevalence of cagA-positivity among people with H. pylori infection in studies

conducted in different countries

Prevalence of Reported positive
Location of cagA-positive H. pylori association of Reference
study clinical outcomes
(%) n/total with cagA-positivity

Alaska 85 242/286 None (68)

Brazil 30 16/54 None (49)

Colombia 66 114/174 None (69)

Russia 79 135/170 Gastric cancer and (70)
peptic ulcer

Iran 69 79/115 None (71

Iraq 73 112/154 Peptic ulcer (72)

China 61 86/141 Gastric cancer (73)

Japan 100 169/169 None (69)

Gambia 61 74/121 Gastric disease (74)

South 95 56/59 None (75)

Africa

Poland 61 79/130 Duodenal ulcer (76)

Slovenia 61 101/165 Acute and chronic 77)
inflammation

Italy 72 139/193 Gastric cancer and (78)
peptic ulcer

Spain 959 103/176 None (79)

Netherlands 67 63/94 Peptic ulcer (80)
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Table 2.12 Prevalence of babA2-positivity among people with H. pylori infection in studies

conducted in different countries

Prevalence of babA2- positive Reported positive
Location of

H. pylori association of clinical  Reference
study outcomes with babA2-
(%) n/total positivity
Brazil 46 96/208 Duodenal ulcer & (81)
gastric cancer
Mexico 22 31/143 None (82)
Cuba 82 107/130 Duodenal ulcer (59)
Iran 41 65/160 Gastric cancer (83)
Iraq 45 69/154 Peptic ulcer disease (72)
China 80 83/104 Lymphocytic (84)
infiltration & atrophy
Japan 85 152/179 None (85)
Thailand 92 103/112 None (86)
Poland 23 30/130 Duodenal ulcer (76)
Slovenia 48 78/163 Gastric inflammation 87)
Italy 36 60/167 Intestinal metaplasia (28)
Germany 72 82/114 Duodenal ulcer & (14)

adenocarcinoma
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Chapter 3

Strategies to inhibit H. pylori urease gene expression and urease activity

required for colonization in the human stomach 2

Chapter 2 discussed the association of certain H. pylori virulence factors (cagA, vacA and
babA2) with gastric diseases that may put individuals at risk of developing gastric cancer. The
community of Aklavik is concerned about effective treatment approaches for H. pylori infections
to reduce their risk of developing gastric diseases such as gastric cancer. Current treatment
approaches may fail to treat H. pylori infections in Northern Aboriginal Communities. In this
chapter, I focused on developing alternative treatment approaches that specifically target the H.
pylori urease genes that are universally present in all isolates and required for colonization of the

human stomach.

3.1 Introduction

Helicobacter pylori infection is one of the most common bacterial infections as it is found
worldwide but is more frequently observed in less developed regions (1). H. pylori infection has
an elevated occurrence in Aklavik, NWT where 58% of residents were tested positive for H. pylori
infection by urea breath test (2). The infection is usually acquired in early childhood and persists
for lifetime unless treated. The infection may result in gastritis, gastric or duodenal ulcer. H. pylori
may also cause gastric cancer (3).

Since its discovery in 1982 by Barry Marshall and Robin Warren (4,5), eradication was the
ultimate goal for the treatment. Several antibiotics and treatment regiments were tried but 100%
eradication rate has never been achieved (6). Treatment failure may be due to antimicrobial
resistance (7), re-infection (8), patient compliance and the high cost of currently used drugs (6).
Three antibiotics commonly used for H. pylori treatment are clarithromycin, metronidazole and
amoxicillin (9). The resistance rates to clarithromycin have been reported to be from 2.5-48.2%
(10,11). The resistance to metronidazole is higher than Clarithromycin and is continuously
increasing. The resistance rates have been reported to be from 19-64% where the highest

prevalence was observed in Iran and China (12,13). Resistance to amoxicillin was reported in

2 The work presented in this chapter is in preparation for submission for publication.
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China and Iran at low rates (0.3-2.5% respectively) (12,13). In Aklavik NWT, the eradication rates
to triple and sequential therapies were 59% and 73% respectively (14). Treatment failure presents
aneed for new treatment strategies. Ideally, treatment targeted specifically to H. pylori is preferred
to avoid disruption of commensal flora. Inhibiting the ability of H. pylori to neutralize the acidity
of the stomach may impair its ability to survive in the stomach.

Urease is a vital enzyme for H. pylori colonization. It catalyzes the hydrolysis of urea to
form carbon dioxide (COz) and ammonia (NH3), which neutralizes the gastric acid, thereby
allowing H. pylori to grow (15). Urease is encoded by urease genes which are localized to a 34 kb
portion of H. pylori chromosome. The urease genes are composed of structural (ured, ureB),
regulatory (ureC, ureD) and accessory (urel, ureE, ureF, ureG, ureH) genes. UreB subunit is the
active site of the enzyme (16). A urease-negative mutant of H. pylori, constructed by allelic
exchange mutagenesis, lacked the ability to colonize the stomach of nude mice (17). Similar results
were observed for gnotobiotic piglets infected with urease negative H. pylori which illustrate the
importance of urease for H. pylori colonization (18). Urease inhibitors, such as acetohydroxamic
acid, have been studied for possible use in treating H. pylori infections (19).

Gene silencing is a rapidly developing field with potential therapeutic applications (20).
RNA interference was recently studied in E. coli using antisense RNA expressed from a
doxycycline-inducible vector (21). Downregulation of yidC in E. coli was possible by antisense
RNA resulting in sensitization to antibacterial essential oils eugenol and carvacrol (22). Targeting
methicillin-resistant Staphylococcus aureus (MRSA) coagulase with siRNA, delivered by natural
competence, inhibited both mRNA expression and the activity of MRSA coagulase in vitro (23).
An antisense peptide nucleic acid (PNA) targeting the CmeABC multidrug efflux transporter in
Campylobacter jejuni rendered C. jejuni isolates more susceptible to ciprofloxacin and
erythromycin (24). Gene silencing by antisense DNA may be an effective strategy for the
suppression of genes required for the colonization of H. pylori and thereby provide an alternate
strategy for its eradication.

Liposomes have been designed to improve the delivery of antimicrobials to H. pylori (25).
However, this approach may not be successful for the eradication of antimicrobial-resistant H.
pylori. Liposomes have been studied as a possible means to improve the electroporation efficiency
of E. coli. DOTAP® [1,2-bis(oleoyloxy)-3-(trimethylammonio) propane], a cationic liposome,

successfully induced E.coli transformation without electroporation (26). Although liposome-
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mediated delivery of siRNAs into eukaryotic cells has been described (27), no investigations have
been carried out in bacterial cells.

In chapter 2, I characterized H. pylori isolates from Aklavik, NWT. The urease enzyme
was detected in all Aklavik isolates while the babA2 gene was detected in 97% of the isolates.
While interfering with urease production can be used for the treatment, bhabA2 can be used to target
novel treatments to only H. pylori and not to other commensal bacteria in GIT. This study
investigated three different strategies for urease gene silencing: 1) the use of liposomes to deliver
a plasmid with a defective urease gene to H. pylori for transformation by allelic exchange, 2) the
use of liposomes loaded with ureB antisense DNA to H. pylori to knockdown urease expression,
and 3) the use of liposomes to deliver siRNA to knockdown urease expression. Each strategy offers
the potential to impair urease production and interfere with the ability of H. pylori to survive and
colonize the acid environment of the stomach. This approach would offer a novel way to the use
of current antimicrobials to treat H. pylori infections, and decrease rates of antimicrobial
resistance. In this chapter, I investigated the effect of the three approaches on the urease activity
of Aklavik H. pylori isolates. Since the variation in urease activity among H. pylori isolates was
previously reported (28). An isolate with high urease activity was a good target to test the effect

of interfering molecules (antisense DNA or siRNA) on urease activity.

Hypothesis: Liposome-mediated delivery of antisense DNA or siRNA against the urease gene of
H. pylori will specifically disrupt the ability of H. pylori isolates (including those from Aklavik)

to produce urease and thereby impair H. pylori survival in the stomach.

3.2 Materials and Methods

Unless otherwise stated, chemicals, disposables and glassware were purchased from Fisher
Scientific (Ottawa, ON, Canada), antibiotics were purchased from Sigma-Aldrich (Oakville, ON,
Canada), and enzymes were purchased from Invitrogen (Carlsbad, CA, USA).

3.2.1 H. pylori transformation studies

3.2.1.1 Bacterial strains for transformation studies
The reference H. pylori strains; J99, 26695, G27 and SS1 (ATCC) were used in
transformation experiments along with the Aklavik H. pylori isolates A46, A31, A62 and A75.
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The clinical isolate H. pylori UA802 was previously isolated and characterized and was used to
study H. pylori transformation. The rationale behind using this particular isolate is that UA802
was previously transformed with pUOA26, a modified plasmid isolated from NCTC 11639.
UAS802 is a plasmid-free isolate that was previously reported to be completely resistant to natural
transformation and could only be successfully transformed by electroporation with a
transformation frequency < 1.0 x 10°® transformants/pug DNA (29). E. coli SE 5000 containing the
plasmid pHP808 was kindly supplied by the Mobley Research Laboratory (Department of
Microbiology and Immunology, University of Michigan Medical School, USA).

3.2.1.2 Plasmids

The plasmid pHP808 is a pACYC184 derivative (Figure 3.1) containing the entire urease
gene cluster in an 11 kb insert and a chloramphenicol resistance selective marker (30). A novel
plasmid, pHP809, was created by treating pHP808 with BamHI resulting in the removal of a 1.3
kb portion of the urease gene that encodes for the ure4B gene. Following electrophoresis, the
larger fragment (13 kb) was purified and ligated to produce the plasmid pHP809 containing a
defective urease gene (Figure 3.2). The plasmid pHP809 was transformed into E. coli TOP 10
cells (One Shot®Top 10 cells, Invitrogen, Carlsbad, CA, USA), which are chemically competent
cells. On vial of the cells was thawed on ice then 10 ng of pHP809 in 5 pL sterile deionized water
was added. The mixture was incubated on ice for 30 minutes and then heat-shocked for 30 seconds
at 42°C without shaking. After heat-shock, the tube was transferred immediately to ice and 250
pL of room temperature S.0O.C. medium was added. The tube was incubated at 37°C for 30 minutes
with shaking (200 rpm). The entire transformation reaction was added to 10 mL LB broth
containing 20 pg/ml chloramphenicol and grown overnight at 37°C with shaking (200 rpm).

Plasmid pHP809 was extracted from E. coli Top10 by using the QIAprep® Spin Midiprep
Kit (Qiagen Sciences, Maryland, USA) and was used for subsequent transformation of H. pylori.
E. coli TOP10 was tested for urease activity by incubating in urease test medium (Chapter 2,
section 2.2.2.1) before and after being transformed with pHP809. Urease activity was assessed at
24 h incubation. The deletion of the ure4AB portion of the urease gene was confirmed by ureAB
PCR before and after mutation. PCR was performed as previously described in chapter 2 section
2.2.4.3 using ureAB-F (5’-AGGAGAATGAGATGA-3’) as forward primer and ureAB-R (5°-
ACTTTATTGGCTGGT-3") as reverse primer. PCR reaction was done for 40 cycles of
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denaturation at 94°C for 1 minute, annealing at 45°C for 90 minutes and extension at 72°C for 1

minutes (31).

3.2.1.3 Natural transformation

H. pylori was cultured from frozen stock cultures onto BHI/YE/HS agar containing
vancomycin (15 pg/mL), amphotericin (15 pg/mL) for 5 days and then subcultured for 24 h on
fresh agar plate. Fresh 24 h culture was plated at high density on BHI/YE/HS agar on areas of 8-
10 mm in diameter, and then incubated for 5 h at 37°C under microaerobic conditions. Aliquots of
2 ug plasmid DNA (pHP809) in 8 uLL TE buffer (10 mM-Tris, 1 mM-EDTA, pH 8) were spotted
directly onto the inoculated agar, and incubation was continued for 18 h. The DNA-treated cells
were collected with a loop in 50 uL TE buffer and were then spread on BHI/YE/HS agar containing
20 pg/ml chloramphenicol to select transformants. Cultures were checked every 48 h for up to 21
days to detect the growth and supplemented with 100 pL. BHI/YE broth when no growth was
detected (29).

3.2.1.4 Electroporation

H. pylori was cultured from frozen stock cultures onto BHI/YE/HS agar plates containing
vancomycin (15 pg/mL), amphotericin (15 pg/mL) for 5 days and then subcultured for 24 h on a
fresh agar plate. The growth was suspended in 5 ml BHI/YE/HS in a 50 mL tissue culture flask to
achieve ODgoo = 0.1 and then grown with agitation (80 rpm) for 18 h at 37°C under microaerobic
conditions. At the end of the incubation period the ODgoo was determined and adjusted to ODgoo =
0.5 corresponding to 1 x 10° — 1 x 10! cfu/mL by adding BHI/YE/HS broth. For each
electroporation, 1 ml of culture was pelleted by centrifugation (1500 x g, 3 min), washed three
times in 500 pL electroporation buffer (272 mM sucrose, 15 % glycerol, 2.43 mM K>HPO4 and
0.57 mM KH>POy, stored at 4°C), and suspended in a final volume of 40 pL of electroporation
buffer. The bacteria were put into prechilled 0.2 cm electroporation cuvettes, and 2 pg of plasmid
was added. Electroporation was done using 2500 V, 25 pF capacitor and 200 'Q (32). After
electroporation, the volume was brought to 1 ml by the addition of phosphate buffered saline, pH
7.4, and then 100 pL aliquots were poured onto BHI/YE/HS agar plates. Following an overnight
expression period, the growth was subcultured onto BHI/YE/HS agar containing 20 pg/mL
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chloramphenicol to select transformants. Cultures were checked every 48h to detect the growth

and supplemented with 100 uL BHI/YE broth when no growth was detected (32).

3.2.1.5 Transformation using DOTAP® Liposomes

DOTAP® is a commercially available cationic liposome that was purchased from Roche
applied Science. H. pylori was cultured from frozen stock cultures onto BHI/YE/HS agar and then
subcultured for 24 h on a fresh agar plate. Fresh culture was plated at high density on BHI/YE/HS
agar on areas of 8-10 mm in diameter, and then incubated for 5 h at 37°C under microaerobic
conditions. Then, 2 pg plasmid DNA (pHP809) in 50 pL TE buffer was mixed with 30 ug
DOTAP® (Roche Applied Science, Gaithersburg, MD, USA) and 70 uL HEPES buffered saline
(HBS, 20 mM HEPES, 150 mM NaCl, pH 7.4) and allowed to stand for 15 minutes at room
temperature. The mixture was spotted directly onto the inoculated agar, and incubation was
continued for 18h. The transformants were selected using the same protocol as for natural
transformation (section 3.2.1.3). Electroporation in presence of DOTAP® was performed using the
same electroporation protocol mentioned above (section 3.2.1.4) but in the presence of 2 ug

plasmid in 50 pL TE buffer, 30 ug DOTAP® and 70 uL HBS.

3.2.1.6 Determination of transformation frequency and efficiency

The transformation frequencies were determined for natural transformation,
electroporation and transformation in presence of DOTAP®. The plasmid-treated cells were
collected with a loop in 100 puL of TE buffer and were then spread on BHI/YE/HS agar plates with
and without 20 pg/mL chloramphenicol after 10-fold serial dilutions up to 10¥, to select
transformants. Transformation frequencies were calculated from the number of transformants
divided by the number of colonies obtained by plating the same suspension on BHI/YE/HS agar
plates without chloramphenicol (29).

Transformation efficiency is defined as the number of transformants obtained by using 1
pg of plasmid DNA in a transformation reaction. It is calculated using the following formula:
Transformation efficiency = # colonies on plate/ng of DNA plated X 1000 (transformants/pg
DNA) (33)
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3.2.1.7 Detection of urease activity in transformed H. pylori

H. pylori transformed with pHP809 was streaked on BHI/YE/HS agar plates containing 20
pg/mL chloramphenicol. Single colonies were subcultured on fresh agar plates and the growth was
enhanced by the addition of BHI/YE broth then tested for urease activity by urea test medium as

previously explained (2.2).
3.2.2 Suppression of urease expression

3.2.2.1 Culture of Aklavik isolates for urease activity assay

Urease activity was evaluated for the reference strain H. pylori 26695 and 18 Aklavik H.
pylori isolates (A20, A35, A36, A42, A43, Ad4, AS52, A64, A70, A8S, A96, A135, A138, A143,
A149, A156, A185, A214) resistant to at least one antibiotic. H. pylori isolates were cultured from
frozen stock cultures and then subcultured for 24 h. The cultures were suspended in BHI/YE/HS
broth to achieve an ODgoo = 0.1 (equivalent to 10°-107 cfu/ml). The cultures were incubated in 6-
well tissue culture plates in a shaking incubator (120 rpm) for 18 h at 37°C under microaerobic
conditions. At the end of incubation period, the ODgoo of the culture was adjusted to 0.4. One set
of 50 uL aliquots were taken to determine # cfu/mL. Another set of 250 uL aliquots were taken
and used for assessing urease activity. Serial 10-fold dilutions of cell suspensions in saline were
prepared in duplicate and 25 pL were plated in triplicate and incubated for 5 days to determine the

cfu/ml.

3.2.2.2 Urease activity assay

Aliquots (250 pL) of cell suspensions (ODgoo = 0.4) obtained from 2.8.1 were centrifuged
(12000 x g, 10 min, 4°C) to pellet the cells. Cell pellets were washed with saline and resuspended
in 250 pL sterile MQ water. The cells were disrupted by sonication for 20 seconds using Braun
sonic 2000 sonicator, USA to liberate the cell contents (urease), then centrifuged (12000 x g, 10
min, 4°C). The urease activity of the supernatants was measured by kinetic assay over 150 min at
Aseo using urease test reagent (50 mM phosphate buffer pH 6.8 containing 500 mM urea, 0.02%
phenol red and 0.1 mM dithiothreitol) (34). The urease activity was plotted on the y-axis vs

incubation time on the x-axis.

143



3.2.3 Urease gene silencing studies

3.2.3.1 H. pylori A64 growth curve

H. pylori A64 was cultured from frozen stock culture and then subcultured for 24 h. The
culture was suspended in BHI/YE/HS broth to achieve an ODgoo = 0.1 (equivalent to 10°-107
cfu/ml). The culture was incubated in 6-well tissue culture plates in a shaking incubator (120 rpm)
for 24 h at 37°C under microaerobic conditions. Aliquots of 50 uL. were taken at 3, 6, 12 and 24 h
and added to 450 pL saline. Serial 10 fold dilutions were made up to 10" and 25 pL aliquots were
plated on BHI/YE/HS agar plates in triplicate to determine # cfu/mL. The growth curve of H.
pylori A64 was made by plotting Logio cfu/mL versus incubation period in hours. The experiment

was done in triplicates on two different days.

3.2.3.2 Antisense DNA design for ureB gene

Antisense DNA was designed against the ureB gene (UBA). A sequence of 21 bases were
designed to be complimentary to the open reading frame of ureB gene downstream from the start
codon (35). The specificity of the designed sequence was confirmed by blasting the sequence
against all sequences in Genbank. A scrambled (scr) sequence was also designed as a negative
control as it has the same nucleotide content of the antisense DNA but in different order (Table
3.1). The designed sequences were analyzed for hairpin and secondary structures using the

Integrated DNA Technology design tool (36).

3.2.3.3 ureB antisense DNA treatments

H. pylori A64 (high urease producer) was cultured on BHI/YE/HS plates for 24 h. The
culture was suspended in BHI/YE/HS broth to achieve ODsoo = 0.1. A64 was grown in 6-well
tissue culture plates in a shaking incubator (120 rpm) for 24 h at 37°C under microaerobic
conditions. The designed oligos were added at a concentration of 20 nM in the absence and
presence of 1.6 uM DOTAP®. Treatments were added at 0, 6 and 10 h. At the end of incubation
period the cell lysates for urease assay were prepared as previously described. The number of
cfu/ml was also determined to assess the effect of various treatments on H. pylori growth. The
effect of increasing concentrations of UBA (1-5 uM) on the urease activity of H. pylori A64 was
examined in the absence and the presence of 1.6 uM DOTAP®. The effect 20 nM UBA+ DOTAP®
(0.4-6.4 uM) was also tested. The effect of 20 nM UBA + DOTAP® on the urease activity of 4
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other Aklavik isolates was also investigated with high (A70), intermediate (A20, A135) and low

(A96) urease activity. Each experiment was done in triplicate and repeated three times.

3.2.3.4 ureB gene expression

Real-time reverse-transcriptase PCR was performed to verify the inhibition in urease
activity caused by 20 nM UBA + DOTAP® was due to a decrease in urease gene expression. .
pylori A64 was cultured and treated with DOTAP®, UBA and scr UBA as described above. At the
end of incubation period 800 pL aliquots containing 3.2 x 10® cfu were taken for RNA extraction
using the TRIzol® reagent as previously described (Chapter 2: section 2.2.5.1). RNA
concentrations and purity were assessed using the NanoVue, GE Healthcare UK, where 1.0 unit at
OD2sp = mg RNA. The quality of RNA was assessed by formamide denaturation and running
through 1.5% agarose gel (37). RNA samples were treated with DNase I (Invitrogen, USA) to
degrade any contaminating DNA. cDNA was synthesized using High Capacity Reverse
Transcriptase kit (Applied Biosystem, USA) as previously described (Chapter 2; section 2.2.5),
for urease gene expression. A non-RT negative control (without reverse transcriptase) confirmed
the absence of any contaminating genomic DNA. Relative quantitation (RQ) of urecase mRNA
levels (converted to cDNA) were measured by q-PCR analysis (Step One Plus (Applied
Biosystem, USA) relative to 16S rRNA mRNA levels (converted to cDNA), the endogenous
control whose expression is constant and not affected by UBA treatment (38). PCR was performed
in a 10 pL reaction volume containing 1 uL cDNA, 2 pL primer (3.2 uM), 2 uL. RNase free water
and 5 pL SYBR® green master mix (Qiagen, USA). PCR was carried out at 95°C for 5 min,
followed by 30 cycles at 95°C for 10 s, 60°C for 30 s. A further melting curve step analyzing the
purity of PCR products were performed at 95°C for 15 s, 60°C for 1 min and 95°C for 15 s to

ensure the specificity of the primers used.

3.2.3.5 siRNA design and treatment

siRNAs were designed against ure4 and ureB gene using the Applied Biosystems Design
Tool (39). The specificity of the designed sequence was confirmed by blasting the sequence against
the entire Genbank database. Scrambled sequences were also designed as a negative control (Table
3.1). The oligonucleotides were dissolved in RNase free duplex buffer (100 mM potassium acetate,
30 mM HEPES, pH 7.5). To prepare siRNA duplexes, equimolar amounts of complementary

oligonucleotides were mixed and then annealed by heating to 90°C for 1 min followed by reducing
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the temperature by 1°C per min until the temperature reached 5°C (40). The effect of 20 nM of
ureA siRNA or ureB siRNA and the combined effect of both of them on urease activity were
determined in the absence and presence of 1.6 pM DOTAP®. Each experiment was done in

triplicate and repeated three times.

3.2.3.6 Statistic analysis

Data are expressed as mean + SEM. Significant differences among more than two groups
were detected by one-way ANOVA. When a sigificance was found by one-way ANOVA, the
Turkey post-hoc test was performed to identify which groups were significantly different and to
avoid a type I error. However, when no significance was found by one-way ANOVA, the Duncan
test was performed to avoid a type II error. A p-value of < 0.05 was considered statistically

significant. All analyses were performed using IBM SPSS® version 20 (New York, USA).
3.3 Results

3.3.1 H. pylori transformation

3.3.2 Construction of pHP809 carrying a mutant urease gene

As expected, no urease activity was detected for E. coli TOP10 before transformation. E.
coli TOP10 transformed with pHP808 was urease positive. On the other hand, E. coli TOP10
transformed with pHP809 was urease negative after 72 h incubation. PCR amplification of pHP808
and pHP809 using ureAB primers gave amplicon sizes of 2.4 kb (entire ureAB gene) and 1.1 kb
(ureAB gene with 1.3 kb deletion) respectively (Figure 3.3).

3.3.3 Transformation of H. pylori UA802 with pHP809

UAS802 was transformed by pHP809 using DOTAP® liposomes and electroporation in
presence of DOTAP®. Neither natural transformation nor electroporation alone was successful in
mediating UA802 transformation. Attempts that were done to determine the transformation
frequency of UA802 by pHP809 using DOTAP® alone and DOTAP® + electroporation were not

successful. Dilutions were prepared up to 10'# in 3 sets.
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3.3.4 Urease activity of transformed H. pylori UA802

Although pHP809 carries a mutant urease gene, all recovered transformants were urease
positive. UA802 is a plasmid-free H. pylori. After transformation using DOTAP® alone and
DOTAP® + electroporation, plasmid isolation was performed. The isolated plasmid was pHP809.
The transformation of H. pylori with pHP809 did not achieve the required mutation.

3.3.5 Transformation of reference and Aklavik H. pylori isolates

DOTAP® alone transformed 7 out of 8 H. pylori isolates with pHP809. DOTAP® alone
was the most successful method to induce H. pylori transformation, followed by electroporation
in the presence of DOTAP® with 6 of 8 strains tranformed. Electroporaton alone transformed only
3 of 8 strains. Natural transformation was the least successful method in inducing transformation

of only 2 out of 8 isolates (Table 3.2).

3.3.6 Urease activity of Aklavik isolates

All of the Aklavik isolates (A20, A35, A36, A42, A43, A44, AS52, A64, A70, A8, A96,
A135, A138, A143, A149, A156, A185, A214) showed much higher urease activity than the
reference strain 26695, which was barely detectable (Figure 3.4). H. pylori isolate A64 had the
highest urease activity. Four isolates were classified as moderate urease producers, and the

remaining isolates were classified as low urease producers.

3.3.7 Growth rate of H. pylori A64
The growth rate of H. pylori A64 was investigated over 24 hours. Different growth rates
were observed when the growth rate was assessed at different days even when the starting

inoculum size was the same (ODgoo= 0.1). Two representative growth curves are shown in Figure

3.5.

3.3.8 Effect of interfering oligonucleotides treatment on urease activity

20 nM UBA + DOTAP® inhibited the urease activity by 40% = 1.3 (p < 0.008). In absence
of DOTAP®, UBA was not able to induce any inhibition in urease activity indicating that DOTAP®
was essential for UBA delivery into H. pylori cells. The scrambled structure of UBA did not affect

the urease activity, which means that the inhibition was due to the specific structure of UBA
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(Figure 3.6). All treatments did not have any significant effect on H. pylori growth when compared
to untreated control.

The inhibition of urease transcription was verified by real-time reverse-transcriptase PCR.
RNA samples were intact as illustrated by the presence of two sharp bands on the agarose gel
corresponding to the 16S and 23S rRNA. The intensity of the 23S band was about double that of
16S (Figure 3.7). A single product was by q-PCR obtained as illustrated by single peak of
fluorescence for each primer pair (Figure 3.8). UBA+ DOTAP® suppressed the urease expression
by 36.4% + 1.9 (p = 0.0078) (Figure 3.9).

UBA 4 uM was the optimum concentration that caused 59% + 3 (p < 0.05) inhibition in
urease activity. Further increases in UBA concentration did not decrease urease inhibition (Figure
3.10). DOTAP® 1.6 uM was the optimum concentration to achieve maximum urease inhibition.
Higher concentrations in DOTAP® did not further inhibit urease activity (Figure 3.11).

UBA + DOTAP® suppressed urease activity of A70 by 26% + 1.5 (p = 0.01) although A70
had lower urease activity than A64 (Figure 3.12). The growth rate of A70 was much higher than
that of A64. Although the starting ODsoo was the same for both isolates (0.1), the ODgoo after 24 h
incubation was 2.2 for A70, while that of A64 was in the range of 0.6-0.8. UBA + DOTAP®
suppressed the urease activity of A20 and A135 by 35.8% + 0.6 and 38.8% + 1.4 (p <0.0001)
respectively (Figures 3.13 and 3.14). The two isolates had intermediate urease activity but also
different growth rate (ODgoo = 1.2 and 0.7 respectively). The same treatment was able to suppress
the urease activity of A96 by 48% = 1.2 (p <0.0001) (Figure 3.15). A96 is a week urease producer
but had a high growth rate (ODgoo = 1.3 after 24 h growth). None of the treatments had any effect
on the growth rate of H. pylori isolates under the neutral pH conditions of the experiment when
compared to the untreated control.

20 nM ureA siRNA or ureB siRNA did not inhibit the urease activity of H. pylori A64 in
presence or absence of DOTAP®. The simultaneous addition of both ureA siRNA and ureB siRNA
did not inhibit the urease activity of A64.
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3.4 Discussion

3.4.1 H. pylori transformation

Although cationic liposomes have wide applications in delivering interfering molecules to
eukaryotic cells (41), they have not been widely investigated as vectors for bacterial
transformation. In the present study, DOTAP® was successful to induce H. pylori transformation
with a plasmid carrying a chloramphenicol resistance marker. DOTAP® could transform H. pylori
isolates that are resistant to natural transformation and/or electroporation. Similar results were
reported for E.coli where DOTAP® alone without electroporation was successful to induce its
transformation with plasmids (2.2-7.2 kb) in size. The transformation efficiency was 2 x 10* -2 x
10° transformants/pg plasmid DNA and no colonies were observed for control without DOTAP®
(42).

In this study, I could not determine the transformation efficiency for any of the transformed
isolates. This can be attributed to the slow growth nature of H. pylori and the low transformation
frequency due to the bigger size of the plasmid used (13 kb). It was previously reported that as the
plasmid size increases, the transformation efficiency decreases (42). Although some H.
pylori strains are naturally competent for transformation by plasmid, there is significant variations
in transformation frequencies among different H. pylori strains with some strains completely
resistant to transformation. It has been proposed that variation in plasmid transformation frequency
may be due to the presence of certain DNA restriction and modification (R-M) mechanisms which
consist of two contrasting enzymatic activities: a restriction endonuclease (REase) and a
methyltransferase (MTase). The REase protects bacteria from foreign DNA by recognizing and
cleaving foreign DNA sequences at specific sites, while MTase activity allows for the
discrimination between self and nonself DNA, by transferring methyl groups to the same specific
DNA sequence within the bacterial genome and so preventing its cleavage (44).

The plasmid used in this study carried a mutant urease gene to induce knock out of urease
gene by allelic exchange mutagenesis. However, none of the transformants were urease negative.
The absence of allelic exchange mutagenesis may be due to the low transformation efficiencies
and high frequencies of illegitimate recombination (43). In addition, the plasmid used may have a
low copy number which hinder efficient allelic exchange mutagenesis. Cleavage of the introduced

plasmid by the R-M system may have also contributed to failure of allelic exchange mutagenesis.
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DOTAP® may enhance the transformation of H. pylori by protecting the DNA from
degradation. H. pylori produces DNase that rapidly degrades plasmids used to transform H. pylori.
Liposomes may decrease the accessibility of plasmid to DNase, decrease their degradation and
hence enhance transformation. The most common mechanism of delivery of liposomal content
into cells is proposed to be mediated by liposome adsorption onto the cell surface followed by
endocytosis, on the other hand liposome fusion with cells seems to occur at low frequency (45).
The adsorption of loaded liposomes onto the cell surface depends mainly on the overall charge of
the loaded liposomes. Positively charged liposomes adhere to the cell surface more readily than
negatively charged or neutral liposomes. One of the limitation of the recent study that I did not
determine the overall charge of the loaded liposomes. I used DNA/liposomes ratio recommended
by the manufacturer, however, this ratio is constant and does not account for the variability in the

overall charge of loaded liposomes.

3.4.2 Urease activity of H. pylori 26695 and Aklavik isolates

The variability in urease activity among H. pylori isolates was previously reported (28). H.
pylori isolates from cases of gastric cancer were found to be of higher urease activity than that of
controls or duodenal ulcer patients (28). Aklavik H. pylori isolates showed high variability in their
urease activities. For all tested isolates, the urease activity was much higher than for the reference
strain 26695, which is a lab-adapted strain that has been cultured in the lab under neutral pH
conditions. Aklavik H. pylori isolates were sub-cultured a maximum of 3 times before being tested.
H. pylori A64, which had the highest urease activity, was associated with moderate chronic and
acute gastritis with no atrophy or metaplasia, however, the number of isolates tested was not
enough to draw conclusions. Histopathology data for the five Aklavik H. pylori isolates that were

utilized in urease inhibition assay are presented in Table 3.3.

3.4.3 Inhibition of H. pylori urease activity by antisense DNA

The increased reports of antibiotic resistance and treatment failure for H. pylori infection
has become a serious problem raising the urgent need for alternative treatment approaches.
Antisense oligonucleotide can specifically inhibit gene expression by binding to complementary
mRNA strand (46). Because antisense oligonucleotides are highly susceptible to degradation by

DNases, considerable efforts have been made to improve their stability and delivery (47).
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This study revealed that ureB antisense DNA encapsulated into DOTAP® inhibited urease
expression by 40% without being toxic to H. pylori. In the absence of DOTAP®, 50 times more of
antisense oligonucleotide is needed to induce the same level of inhibition. Fillion ef al., reported
42% reduction in B-galactosidase activity upon treating E.coli with anti-lacZ oligonucleotide
encapsulated into anionic liposomes. The author rationalized the use of anionic liposomes to avoid
possible toxicity of cationic liposomes and enhance the release of interfering oligonucleotide from
liposomes after delivery (47). An antisense peptide nucleic acid (PNA) targeting the CmeABC
multidrug efflux transporter in Campylobacter jejuni, a bacterium closely related to H. pylori,
rendered C. jejuni isolates more susceptible to ciprofloxacin and erythromycin (24). Gene
silencing was also reported for Gram positive bacteria. Targeting methicillin-resistant
Staphylococcus aureus (MRSA) coagulase with siRNA, delivered by natural competence,
inhibited both mRNA expression and the activity of MRSA coagulase in vitro (40). The inhibition
in urease activity was not the same for other Aklavik isolates due to the variability in both urease
activity and growth rate. The antisense oligonucleotide used in this study was unmodified and so
no inhibition of urease activity was observed at low concentration due to its rapid degradation. The
use of phosphorothioate oligonucleotides, in which the non-bridging oxygen atoms are replaced
by sulfur in the DNA backbone of the molecule, will increase resistance to DNases, and may
increase the degree of inhibition. In addition, modification of lipid composition and charge of
liposomes may also play a role in enhancing stability delivery and actions of loaded
oligonucleotides.

Although gene silencing by siRNA was possible in Gram positive bacteria (40), no
previous reports of its success in Gram negative bacteria. RNA interference is induced by 21-25
nucleotide double-stranded RNA fragment which is cleaved by RNase III like enzymes, called
Dicer, making RNA-induced silencing complexes (RISCs) which finally leads to endonucleolytic
cleavage of the complementary target mRNA (48). In the present study, siRNA against ureAB
gene of H. pylori was not successful in inducing complete urease knockdown. The RNase III like
enzymes required for the activation of siRNA may be absent in H. pylori. Furthermore, siRNA is
well known for its short duration of action, which may lead to its inactivity in H. pylori due to the
high abundance of urease.

DOTAP liposomes alone was successful to induce transformation of eukaryotic cells (49).

Doh et al, labelled DOTAP with a fluorescent dye (NBD) to investigate the intracellular
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trafficking of DOTAP. The transfection efficiency of DT-NBD liposome was comparable to
commercial NBD PE liposome with no additional cytotoxicity. Others reported that the use of
100% DOTAP for gene delivery is inefficient due to the density of positive charges on the
liposome surface, which possibly prevents counter ion exchange. DOTAP is completely
protonated at pH 7.4 (which is not the case for all other cationic lipids), so it is possible that more
energy is required to separate the DNA from the lipoplex for successful transfection (42). Thus,
for DOTAP to be more effective in gene delivery, it should be combined with a helper lipid, as
seems to be the case for most cationic lipid formulations.

In conclusion, antibiotic approaches are often ineffective to treat H. pylori infections in
northern communities. Since urease is required for colonization, imparing urease production may
reduce H. pylori infection in the stomach. In chapter 3, I investigated the possibility of using three
strategies to interfere with urease production by H. pylori. The first strategy was to knockout urease
expression by using a plasmid carrying a mutant urease gene. However, the plasmid was not
successful to induce knockout of urease expression.

The second strategy was to interfere with ureB gene expression using antisense DNA. The
ureB antisense DNA encapsulated into DOTAP® cationic liposomes inhibited urease expression
by 40% without being toxic to H. pylori when experiments were performed at neutral pH values
but was not successful to induce complete suppression of urease expression. Further modification
of lipid content of cationic liposomes and/or interfering molecules may be needed to achieve
complete suppression of urease inhibition. The third strategy was to interfere with urease gene
expression using siRNA but this strategy was not successful to induce any inhibition in urease
activity.

The work presented in this chapter demonstrated the possibility of interfering with an
important H. pylori enzyme that is essential for gastric colonization and may offer a novel and
specific approach to treat H. pylori infections. Interfering with the ability of the pathogen to survive
in its host may present a specific treatment approach that can be applied not only to H. pylori but
also to other organisms with multiple drug resistance. This technique if well optimized to
completely suppress urease production may offer alternative treatment approach for H. pylori

infections that fail standard therapies such as those from Aklavik.
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Table 3.1 Sequences of the designed antisense DNA, siRNAs and the corresponding

scrambled oligonucleotides

Oligo Sequence (5’ —>3°) Position in gene
sequence*

UBA GCC CAA TCT CAC TTT ATC GCC 547

Scr UBA CCC ACT CTC ACC CAT AGT TGT NA

ureAsiRNA(+) CCGUGCAUACCCCUAUUGAUU 57

ureAsiRNA(-) UCAAUAGGGGUAUGCACGGUU

Scr ureAsiRNA(+) | GCUCAAGUCCUCACUCUAGUU NA

Scr ureAsiRNA(-) | CUAGAGUGAGGACUUGAGCUU

ureBsiRNA(+) AGUGAGAUUGGGCGAUACAUU 553

ureBsiRNA(-) UGUAUCGCCCAAUCUCACUUU

Scr ureBsiRNA(+) | UGAUAGGAGGAGUGUCCAAUU NA

Scr ureBsiRNA(-)

UUGGACACUCCUCCUAUCAUU

* H. pylori 26695 ureAB (AF507994)
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Table 3.2 Transformation of 8 reference and Aklavik H. pylori isolates

Transformation method
H pyiort E:rtll;;i‘ma tion Electroporation DOTAP® Eligg%I)A();%ion
G27 - - - -
J99 - + + +
26695 - + + +
SS1 - - + -
A46 - - + +
A31 + - + n
A62 - - + +
A75 + + + +

Transformation of reference and Aklavik H. pylori strains was performed as described in
sections 3.2.1.3-3.2.1.6.

H. pylori reference strains: G27, J99, 26695, SS1

H. pylori Aklavik isolates: A46, A31, A62, A75
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Table 3.3 Histopathology scores for S Aklavik H. pylori isolates with low, intermediate and

high urease activity

H. pylori isolate Histopathology score

A64 Moderate acute and chronic gastritis

A70 Moderate acute, chronic gastritis & mild intestinal
metaplasia

A20 Mild acute gastritis, moderate chronic gastritis & moderate
metaplasia

A135 Mild acute and chronic gastritis

A96 Moderate acute gastritis, severe chronic gastritis & mild
atrophy
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Figure 3.1 Restriction map of plasmid pACYC184
Figure reproduced with permission (http://www.atcc.org/products/all/37033.aspx)
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Figure 3.2 Restriction map of plasmids pHP808 and pHP809

156



2.4 kb

1.1 kb

Figure 3.3 ureAB PCR of pHP808 and pHP809

The ureAB PCR was performed on plasmids pHP808 and pHP809 as described in section
3.2.1.2.

2.4 kb amplicon represents the entire ure4B gene.

1.1 kb amplicon represents the ureAB gene with 1.3 kb deletion.

H. pylori G27 is a positive urease gene control. C. jejuni CO848 serves as a non-H. pylori DNA
negative control. Water serves as a no DNA negative control.

A 1 Kb plus DNA ladder served as reference to estimate amplicon size.
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Figure 3.4 Urease activity of H. pylori 26695 and 16 Aklavik isolates

Urease activity was measured over 150 min and reported as ODseo/cfu x 10° as described in
section 3.2.2.2.

n =2 per H. pylori studied
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Figure 3.5 Growth curves of H. pylori A64 over 24 h
Two representative growth curves were generated for Aklavik H. pylori A64, with a starting
inoculum of ODggo = 0.1, and measured at 3, 6,12, and 24 h as described in section 3.2.3.1.

n = 3 for each curve
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Figure 3.6 H. pylori A64 urease activity with +20 nM UBA+ DOTAP®

Urease activity of H. pylori A64 is measured as Vmax mODse0/min at 60 min (upper panel), and
every 5 min up to 60 min (lower panel) as described in section 3.2.2.2 for urease antisense DNA
treatments (UBA) with or without liposomes (DOTAP®) as described in 3.2.3.3. scr UBA refers
to scrambled urease antisense treatment that serves as a negative antisense DNA control.

* p=0.008, UBA+DOTAP® vs other treatment groups

n = 3 per treatment group
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Figure 3.7 Agarose gel electrophoresis of H. pylori RNA denatured by formamide

RNA quality is assessed as described in section 3.2.3.4 prior to performing real-time reverse-
transcriptase PCR to assess urease expression following treatment with antisense DNA (UBA)
with or without liposomes (DOTAP®) as described in 3.2.3.3. scr UBA refers to a scrambled urease

antisense DNA sequence treatment that serves as a negative antisense DNA control.
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Figure 3.8 Melt curves for urease and 16S rRNA primer pairs.
Real-time reverse-transcriptase PCR was performed as described in 3.2.3.4.

Melt curves demonstrate specificity of urease gene and 16S rRNA amplicons.
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Figure 3.9 Real-time reverse-transcriptase PCR confirmation of urease transcription

RQ: Relative Quantification represents the change in urease mRNA expression as compared with
the mRNA expression of the 16S rRNA internal control as described in section 3.2.3.4.

Urease expression was assessed following treatment with antisense DNA (UBA) with or without
liposomes (DOTAP®) as described in 3.2.3.3. scr UBA refers to a scrambled urease antisense DNA
sequence treatment that serves as a negative antisense DNA control.

*p=0.0078, UBA+DOTAP® vs other groups

n = 3 per treatment group
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Figure 3.10 Effect of increasing concentrations of UBA in the absence of DOTAP® for

H. pylori A64

Urease expression of H. pylori A64 was assessed following treatment with increasing

concentrations of antisense DNA (UBA) in the absence of liposomes (DOTAP®) as described in

3.2.3.3.

*n <0.05, 4 um UBA vs other concentrations

n =3 per UBA concentration
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Figure 3.11 Effect of increasing concentrations of DOTAP® in the presence of 20 nM UBA
on the urease activity of H. pylori A64
*7<0.0001, 1.6 um DOTAP® vs DOTAP® concentrations < 0.8 um DOTAP
3.2 um DOTAP® vs DOTAP® concentrations < 0.8 um DOTAP
6.4 pm DOTAP® vs DOTAP® concentrations < 0.8 pm DOTAP
n =3 per DOTAP® concentration
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Figure 3.12 Effect of UBA + DOTAP® on the urease activity of H. pylori A70

Urease activity of H. pylori A70 is measured as Vmax mODsgo/min at 60 min as described in
section 3.2.2.2 for urease antisense DNA treatments (UBA) with or without liposomes (DOTAP®)
as described in 3.2.3.3. scr UBA refers to scrambled urease antisense treatment that serves as a
negative antisense DNA control.

*7=0.01, UBA+DOTAP® vs other groups

n = 3 per treatment group
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Figure 3.13 Effect of UBA + DOTAP® on the urease activity of A20

Urease activity of H. pylori A20 is measured as Vmax mODsgo/min at 60 min as described in
section 3.2.2.2 for urease antisense DNA treatments (UBA) with or without liposomes (DOTAP®)
as described in 3.2.3.3. scr UBA refers to scrambled urease antisense treatment that serves as a
negative antisense DNA control.

*» <0.0001, UBA+DOTAP vs other groups

n = 3 per treatment group
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Figure 3.14 Effect of UBA + DOTAP® on the urease activity of A135

Urease activity of H. pylori A70 is measured as Vmax mODsgo/min at 60 min as described in
section 3.2.2.2 for urease antisense DNA treatments (UBA) with or without liposomes (DOTAP®)
as described in 3.2.3.3. scr UBA refers to scrambled urease antisense treatment that serves as a
negative antisense DNA control.

*» <0.0001, UBA+DOTAP vs other groups

n = 3 per treatment group
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Figure 3.15 Effect of UBA + DOTAP® on the urease activity of A96

Urease activity of H. pylori A96 is measured as Vmax mODsgo/min at 60 min as described in
section 3.2.2.2 for urease antisense DNA treatments (UBA) with or without liposomes (DOTAP®)
as described in 3.2.3.3. scr UBA refers to scrambled urease antisense treatment that serves as a
negative antisense DNA control.

*» <0.0001, UBA+DOTAP vs other groups

n = 3 per treatment group
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Chapter 4

Antibacterial activity of antisense DNA loaded and unloaded stearylamine-

containing liposomes 3

In chapter 3, I investigated the possibility of interfering with urease production as a novel
approach to treat H. pylori infections with or without liposomes to enhance delivery to H. pylori.
Chapter 2 genotypic studies provided evidence to support urease as the target gene. In this chapter,

I aimed to alter the liposome composition to achieve maximum inhibition of urease activity.

4.1 Introduction

In the era of increased antimicrobial resistance to commonly used antibiotics, there is a
great need for developing alternative treatment approaches. Liposomes are nanosized artificial
spherical vesicles that consist of phospholipid bilayers. Since their first discovery by Alec D.
Bangham, they have attracted attention as potential carriers for many bioactive molecules (1).

Liposomes have been extensively studied to improve the delivery of antibiotics such as

aminoglycosides, quinolones, polypeptides, and betalactames to target sites (2). However, this

strategy may not be useful to treat infections caused by multi-drug resistant bacteria.

In the literature, there are few reports on the use of unloaded liposomes as antimicrobial
agents. Cationic liposomes have antimicrobial activity against bacteria, fungi and protozoan (3-5).
Cationic liposomes may react with phospholipids in cytoplasmic membranes, causing membrane
distortion and protoplast lysis under osmotic stress. Moreover, cationic liposomes may be adsorbed
on the surface of microbial cells causing a change in overall charge from negative to positive (6).
The positive charge on microbial cells has been linked to the biocidal action as proteins might be
aggregated and/or precipitated (4). Liposomes bearing phosphatidylcholine and stearylamine
killed Leishmania in vitro and in vivo, without having any adverse effect to the host (5).

A recent study has reported antibacterial activity for liposomal linolenic acids against
antibiotic-resistant H. pylori. The prepared liposomes were able to disrupt membranes of both H.
pylori spiral and coccoid forms (7). Free fatty acids such as lauric acid, myristoleic acid, linoleic

acid, and linolenic acid have antibacterial activities against wide range of bacteria including H.

3 The work presented in this chapter is in preparation for submission for publication.
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pylori. Since these lipid-like molecules are naturally present everywhere, they are less harmful
than conventional antibiotics. Incorporation of free fatty acids into liposomes may have potent
antimicrobial effect (8). The study investigates the impact of changing liposome lipid composition
on the delivery of urease antisense DNA to impair urease activity, as well as the antimicrobial

effects of varying stearylamine concentration in phosphatidylcholine/cholesterol liposomes.

4.2 Materials and Methods

Unless otherwise stated, chemicals, disposables and glassware were purchased from Fisher
Scientific (Ottawa, ON, Canada), antibiotics were purchased from Sigma-Aldrich (Oakville, ON,
Canada), and enzymes were purchased from Invitrogen (Carlsbad, CA, USA).

4.2.1 Liposome preparation and characterization

4.2.1.1 Preparation of stearylamine-containing liposomes

Liposomes were prepared by mixing egg phosphatidylcholine (PC) (100 mg/mL),
cholesterol (CH) (20 mg/mL) and stearylamine (SA) (10 mg/ml) (Sigma- Aldrich, Oakville, ON,
Canada) to achieve a molar ratio of 7:3:1 (F1 liposomes) and 7:3:2 (F2 liposomes) in chloroform
in a round-bottom glass tube. The solvent was evaporated under nitrogen gas. Lipid film hydration
was done using HEPES-NaCl buffer (20 mM HEPES, 135 mM NaCl, pH 7.4, osmolality~290
mOsm) at 60°C. The lipid solution was transferred to a 5 ml cryo vial (Nalgene® cryogenic vial,
Sigma-Aldrich, Oakville, ON, Canada) and vortexed vigorously to agitate and resuspend the
liposomes for 3 min followed by heating the lipid solution in a water bath adjusted at 60°C for
another 3 min. The vortex/heat cycle was repeated 5 times. The lipid solution was frozen by
immersing the cryo tube into liquid nitrogen, thawed by placing the tube in 60°C water bath and
vortexed vigorously for 3 min. The freeze/thaw/vortex cycle was repeated 5 times. The product of
hydration is large multilamellar vesicles which can be stored at 4°C under nitrogen gas for up to 3
days. Small unilamellar vesicles were obtained by extruding the large multilamellar vesicles 2
times through a 0.4 um filter and 8 times through 0.2 um filter (Nuclepore, Whatman, New Jersey,
USA) under nitrogen gas using the Lipex Biomembranes extrusion device (Vancouver,
British Columbia, Canada). Liposomes (F1 & F2) were sterilized by filtration through 0.45 um
filter (Merck KGaA, Darmstadt, Germany). A stream of nitrogen gas was bubbled in the sample

to remove any traces of oxygen using a sterile Pasteur pipette and the container was tightly caped
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and wrapped with parafilm to prevent lipid oxidation. Liposomes (F1 & F2) were stored at 4°C for
up to 4 weeks (9,10).

4.2.1.2 Assessment of liposome phospholipid content

The phospholipid content of liposomes was assessed using the Stewart assay (11). Briefly,
the Stewart reagent (ferrothiocyanate) was prepared by dissolving 27.03 g of ferric chloride
hexahydrate and 30.4 g of ammonium thiocyanate in double distilled water and the volume
adjusted to 1 liter. Aliquots of 2.5 uL of liposomes were added to 1.5 ml Eppendorf tubes in
triplicate, evaporated under nitrogen gas, and dissolved in 500 pL chloroform. Then, 500 pL of
Stewart reagent was added followed by vortexing for 20 seconds. The tubes were centrifuged at
2000 x g for 10 min and the organic lower layer was removed by using a Pasteur pipette. The
optical density of the developed yellowish brown colour was measured at 485 nm and compared

to that of serial dilutions of standard egg PC (0, 5, 10, 20, 30, 40, 50, 100 pg/ml) (Figure 4.1) (11).

4.2.1.3 Liposome sizing

Liposome diameter was determined using the Malvern Zetasizer Nano S (Worcestershire,
UK). The principle of the Zetasizer Nano S is based on two techniques that measure particles
simultaneously. Dynamic light scattering measures the diffusion of particles moving under
Brownian motion and converts this to the size and size distribution of particles. The second
technique, static light scattering is used to determine the molecular weight of proteins and
polymers, but this measure was not utilized in this study. Two sizes of latex beads were used as

standards 120 nm and 200 nm to calibrate the instrument. Each liposome sample was sized twice.

4.2.2 Effect of unloaded liposomes on the growth of H. pylori

H. pylori A64 was cultured from a frozen stock on BHI/YE/HS agar plate and then
subcultured onto a fresh plate for 24 h. The growth was suspended in BHI/YE/HS broth to achieve
ODsoo = 0.1. A64 was then cultured in 6-well tissue culture plates with shaking (120 rpm) for 24
h at 37°C under microaerobic conditions in the presence of different concentrations of liposomes
(0, 25, 50, 75, 100, 125 pg/ml). The effect of liposome treatment on the growth of A64 was

assessed after 3, 6, 12 and 24 h incubation by determining the number of cfu/ml.
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4.2.3 Loading liposomes with UBA or scr UBA

4.2.3.1 Liposome loading with UBA and assessment of loading efficiency

Liposomes were mixed with either UBA or scr UBA in a weight ratio of 5:1 and then
incubated at room temperature for 15 minutes in duplicate. One aliquot was treated with 5 uL of
0.5% SDS and then incubated in a water bath at 37°C for 10 minutes. The loading efficiency was
assessed by a membrane impermeability assay in which the intensity of UBA + liposomes was
compared to SDS treated UBA + liposomes, each stained with SYBR® Gold. The SDS disrupts
liposomes, exposing UBA to SYBR® Gold stain. The increased intensity of the band observed
after SDS treatment supports the presence of UBA/scr UBA loaded liposomes (12). Free UBA
served as a positive control. HEPES-buffered saline and unloaded liposomes served as negative
controls.

A constant amount of UBA was mixed with liposomes in an increasing weight ratio from
1:1 to 1:10, run through a 2% agarose gel, and then strained using SYBR® Gold to assess the

effect of increasing concentration of liposomes on UBA staining intensity.

4.2.3.2 Preparation of UBA and scr UBA loaded F1 liposomes

The lipid mixture of F1 liposomes (PC:CH:SA, 7:3:1) was first dried under nitrogen gas as
previously described previously in section 4.2.1.1. To load F1 liposomes, UBA or scr UBA were
dissolved in hydration buffer before the lipid film hydration step to achieve a final UBA or scr
UBA concentration of 0.09 mM. The prepared liposomes were characterized for size and

phospholipid content as previously described in previously in sections 4.2.1.1 and 4.2.1.2.

4.2.3.3 Effect of UBA and scr UBA loaded F1 liposomes on H. pylori urease activity

The effect of 20 nM UBA or scr UBA loaded F1 liposomes on the urease activity of H.
pyvlori A64 was investigated as previously described in Chapter 3, section 3.2.2.2. Since inhibition
of H. pylori growth may affect UBA incorporation, the inhibitory effect of unloaded F1 liposomes
(2.5 pg/mL) was also investigated by determining the number of cfu/ml at the end of incubation

period.
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4.2.4 Statistical analysis

Data are expressed as mean = SEM. Significant differences among more than two groups
were detected by one-way ANOVA. When a sigificance was found by one-way ANOVA, the
Turkey post-hoc test was performed to identify which groups were significantly different and to
avoid a type I error. However, when no significance was found by one-way ANOVA, the Duncan
test was performed to avoid a type II error. A p-value of < 0.05 was considered statistically

significant. All analyses were performed using IBM SPSS® version 20 (New York, USA).

4.3 Results
4.3.1 Characterization of stearylamine-containing liposomes

Liposome formulations contained 82-88.6% of total phospholipids from the egg PC
aliquots used for preparation. The 120 nm and 200 nm standard latex beads had a narrow particle
size distribution with the calculated standard deviations of 27.6 and 48.4 respectively (Figures 4.2
and 4.3). A uniform but broader distribution was observed for individual liposome preparations
(Figures 4.4-4.7). Altering liposome composition did not affect liposome size as seen for F1
liposomes (Figure 4.4) versus F2 liposomes (Figure 4.5). Similarly, loading of the liposomes with
UBA (Figure 4.6) or scr UBA (Figure 4.7) did not affect the size. Each liposome formulation was
prepared on 3 different days and were of similar average size, regardless the composition or

loading with UBA or scr UBA (Figure 4.8).

4.3.2 Antimicrobial activity of F1 and F2 liposomes

F1 liposomes inhibited the growth of H. pylori A64 in a concentration dependent manner.
Inhibition of growth was observed at 12 h incubation for 75, 100 and 125 pg/ml relative to
untreated H. pylori. (Figures 4.9). The greatest inhibition (95%) was observed with 125 pg/ml
liposomes at 12 h post-treatment relative to untreated H. pylori. (Figure 4.10). However, the
degree of inhibition was decreased to 78% at 24 h.

A single treatment of F2 liposomes inhibited H. pylori growth (cfu/ml) in a concentration
dependent manner with the greatest inhibition observed with 125 pg/ml liposomes at 24 h post-
treatment (Figure 4.11). Approximately 96% inhibition of growth (cfu/ml) was observed at 12 h

post-treatment, which was sustained over 24 h to reach 98% inhibition relative to untreated H.
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pylori (Figure 4.12). Similar inhibitions were observed when growth was assessed as a change in
ODsoo (Figures 4.13)

Two treatments of F2 liposomes were more effective than F1 liposomes, when ODgoo
(Figure 4.14) or cfu/ml (Figure 4.15) was used to monitor H. pylori growth after 24 h incubation.
Changes in ODgoo did not accruately reflect the changes observed in cful/ml.

Two treatments of F2 were able to achieve 100% inhibition in H. pylori growth at
concentrations 75, 100 and 125 pg/ml when cfu/ml was used to monitor H. pylori growth, and was
more effective than the same concentration of F1 liposomes (Figure 4.16).

Two treatments of F1 liposomes (Figure 4.14) were less effective than one treatment in
inhibiting H. pylori growth (ODgoo) at 24 h (Figure 4.13). The growth of untreated H. pylori in
the two F1 liposome treatment experiment (Figure 4.14) was approximately twice the ODgoo value

observed in the single treatment experiment (Figure 4.13).

4.3.3 Assessment of F1 liposomes loading with UBA

SDS disrupted liposomes, exposed UBA to SYBR® Gold and increased the intensity of
the UBA band. However, the UBA + liposomes band was more intense than the free UBA band
(Figure 4.17).

As the ratio of liposomes increased relative to UBA, the intensity of the UBA band also
increased, which suggests the liposomes increased the accessibility of UBA for staining by

SYBR® Gold (Figure 4.18).

4.3.4 Effect of 20 nM UBA + F1 on urease activity of A64

The urease activity (ODseo) of H. pylori treated with unloaded F1 liiposomes increased
with time and reached a maximum activity by 50 min (Figure 4.19). Similar urease activity was
observed when H. pylori was treated with scr UBA + F1 liposomes. However, when treated with
UBA+F1 liposomes, the H. pylori urease activity was reduced relative to H. pylori treated with
unloaded F1 liposomes or scr UBA+ F1 liposomes.

20 nM UBA + 2.5 pg/ml F1 liposomes inhibited the urease activity (Vmax) of H. pylori
A64 by 30% relative to unloaded F1 liposomes or scr UBA + F1 liposomes (Figure 4.19). The

growth of H. pylori was unaffected by liposome treatment.
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4.4 Discussion

4.4.1 Antimicrobial activity of stearylamine-containing liposomes

Cationic liposomes have been previously reported to exert antimicrobial activity against
bacteria, fungi and protozoan (3-5). In the present study, stearylamine-containing liposomes
inhibited H. pylori growth in a concentration dependant manner. Higher antimicrobial activity was
observed when stearylamine concentration was increased.

Similar to the present study, the bactericidal effect of dioctadecyldimethylammonium
bromide (DODAB) containing cationic liposomes was evaluated against four different types of
bacteria (E. coli, Salmonella typhimurium, Pseudomonas aeruginosa, Staphylococcus aureus).
DODAB liposomes had antimicrobial activity against both Gram positive and Gram negative
bacteria but the highest susceptibility was observed against E.coli (3). Larger liposomes (~ 250
nm) exerted better antimicrobial activity against E. coli than smaller liposomes (~ 86 nm). DODAB
concentrations required for the bactericidal effect were 0.01- 0.1 mM, whereas a 40—50% of death
of mouse fibroblasts was measured by flow cytometry in the presence of | mM DODAB indicating
a potential for selective toxicity and therapeutic application (3). In the present study, only one size
(~ 130 nm) of liposomes was assessed. Larger liposomes may exert better antimicrobial activity at
lower stearylamine concentrations due to better stability than smaller liposomes. This may explain
why larger liposomes may have better antimicrobial activity than smaller liposomes. Stearylamine
is a fatty amine with poor water solubility. The incorporation of stearylamine into cationic
liposomes solves the poor water solubility problem, allowing for better delivery of stearylamine
to H. pylori. Moreover, cationic liposomes themselves exert antimicrobial activity by reacting with
phospholipids in cytoplasmic membranes, causing membrane distortion and protoplast lysis under
osmotic stress. Cationic liposomes may be adsorbed on the surface of microbial cells causing a
change in overall charge from negative to positive (6). The positive charge on microbial cells has
been linked to the biocidal action as proteins might be aggregated and/or precipitated (4).

Dey et al., reported the antimicrobial activity of stearylamine-containing liposomes. In the
previous study, stearylamine-containing liposomes (PC/SA) in a molar ratio of 7:2 had in vitro and
in vivo antileishmanial activity. A concentration of 88 pg/mL of the PC/SA liposomes killed 95%

of amastigotes, a stage in the life cycle of leishmania, in 24 h. The toxicity of PC/SA liposomes
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for normal murine macrophages was also investigated. High concentrations of SA-PC liposomes
(396-1,188 pg/mL) imparted 14.4-16.6 % toxicity to normal macrophages while 132 pg/mL of
PC/SA liposomes caused less than 1% toxicity (13). In the present study, 125 pg/mL of F2
liposomes (PC/CH/SA in a molar ratio 7:2:1) inhibited H. pylori growth by 98% following 24 h
incubation. The concentration used in this study was lower than that investigated by Dey et al.,
and exerted minimum toxicity against macrophages. However, toxicity to gastric cell line still
needs to be addressed.

Free fatty acids have antibacterial activity against many pathogenic bacteria (8). It is
proposed that the target site of free fatty acid is the cell membrane as free fatty acids may disrupt
the electron transport chain and oxidative phosphorylation. In addition, free fatty may inhibit
enzymatic activity and cause impairment of nutrient uptake. Moreover, free fatty acids may
generate peroxidation and auto-oxidation degradation products or cause direct lysis of bacterial
cells (8). Unsaturated fatty acids are more active than saturated fatty acids with the same number
of carbon atoms (14). As the number of double bond increases, the antibacterial activity tends to
increase (14). The double bonds in free fatty acids may be either of cis or trans orientation. It has
been reported that free fatty acids with double bonds in cis orientation tend to have greater
antibacterial activity than those with frans orientation as frans fatty acids have structures that
resemble saturated fatty acids. cis-bonds in unsaturated fatty acids cause a kink in the structure of
carbon chain so when these fatty acids are incorporated in cell membranes of bacterial cells, they
are not tightly packed leading to greater membrane instability (15).

In literature, I found two studies that reported the antimicrobial activity of free fatty acids
in liposomal formulations. Yang ef al., investigated the antimicrobial activity of lauric acid, oleic
acid, and palmitic acid against Propionibacterium acnes, the bactertum that promotes
inflammatory acne. Among the three fatty acids, the greatest antimicrobial activity was observed
for lauric acid. The incorporation of lauric acid into liposomal formulation enhanced the
antibacterial activity (16). A recent study has reported antibacterial activity for liposomal linolenic
acids against antibiotic-resistant H. pylori. The prepared liposomes were able to disrupt
membranes of both H. pylori spiral and coccoid forms. The antibacterial activity of liposomal
linolenic acid was compared to that of liposomal stearic acid and oleic acid. Liposomal linolenic
showed the most potent bactericidal effect and completely killed H. pylori within 5 min (7). A

recent publication by Thamphiwantana et al., demonstrated in vivo activity of liposomal linolenic
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acid against H. pylori. The treatment killed H. pylori and reduced bacterial load in mouse stomach
(17). Linolenic acid-containing liposomes caused structural changes in bacterial cell membrane
leading to increased cell permeability and leakage of cytoplasmic contents (18). Both lauric acid
and linolenic acid-containing liposomes were anionic liposomes which do not exert antimicrobial
activity without the free fatty acid. In the present study, the combined effect of cationic liposomes
and antimicrobial activity of the fatty amine was investigated. Addition of linolenic acid to the
stearylamine-containing liposomes may be investigated if additional activity and/or selective
toxicity are needed. Stearylamine lacks double bonds while linolenic acid is a cis unsaturated fatty
acid which may enhance the antibacterial activity of stearylamine-containing cationic liposomes.

In this study, stearylamine-containing liposomes had antibacterial activity against H.
pylori. The antibacterial activity increased as the stearylamine concentration in liposomes
increased. The antibacterial activity of stearylamine alone was not investigated due to the poor
water solubility of stearylamine. In addition, it has been previously reported that liposomal free
fatty acids had enhanced antibacterial activity when compared to free fatty acids alone (16).
Determination of the minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) are under investigation. The toxicity of stearylamine-containing liposomes,
at MIC and MBC concentrations, to gastric cell lines will be also evaluated. Coating these
liposomes with mucoadhesive thiomer might be needed if the acid stability needed to be further
enhanced (19).

The use of stearylamine-containing liposomes may offer a novel treatment approach that
can be used to treat multidrug resistant H. pylori. Novel treatments are needed due to the wide
spread resistance of H. pylori to commonly used antibiotics. The incorporation of targeting ligand
into the liposomal composition may selectively target H. pylori without affecting commensal

microflora or affecting gastric cells.

4.4.2 Urease inhibition by UBA + stearylamine-containing liposomes
Stearylamine-containing liposomes (F1 liposomes) were inferior to DOTAP® liposomes in
inhibiting urease activity of H. pylori A64. Although F1 liposomes did not affect the growth of H.
pylori A64 following 24 h incubation period, the viability of H. pylori might be partially affected
throughout the incubation period which in turn affected the response of cells to the interfering

treatment. Antisense DNA interferes with urease activity by interfering with transcription and/or
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translation, which requires cells to be actively growing. It has been proposed that cationic
liposomes that are toxic to cells, might not be ideal for the delivery of interfering molecules.
Anionic liposomes, which lack such toxicity, may provide better delivery resulting in better
interference with the enzyme activity (20). DOTAP® liposomes may be less toxic than F1
liposomes, that is why better interference of urease activity was observed with DOTAP®
liposomes. The rationale behind using stearylamine instead of DOTAP was that stearylamine-
containing liposomes were previously studied as a drug delivery system to optimize the delivery
of antimicrobials to H. pylori. Jain et al., were able to prepare acid stable polyelectrolyte coated
liposomes to be used for H. pylori treatment. The prepared liposomes were cationic as they had
stearylamine in their composition (21). Since stearylamine-containing liposomes were previously
used to deliver interfering molecules to eukaryotic cells (22), they can be loaded with UBA to
enhance its delivery in the acidic condition of the stomach. However, experiments showed less
urease inhibition than that obtained by DOTAP® liposomes. The incorporation of DOTAP lipid
into liposomes having PC and CH may enhance the stability of liposomes and offers better
inhibition of urease activity. Another strategy is to prepare anionic liposomes loaded with UBA to
protect antisense DNA from the effect of DNases without being toxic to H. pylori and so provide
better interference with urease activity.

One of the limitations of the present study is the inability to determine the loading
efficiency of UBA-loaded F1 liposomes by the membrane impermeability assay. This was due to
the presence of free UBA in the UBA-loaded liposome solution, which interfered with the assay.
The molecular size of free UBA was too small to separate from the UBA-loaded liposomes by
centrifugation; it was not possible to remove the free UBA, as both free UBA and UBA-loaded F1
liposomes tended to float in the aqueous suspension. Liposomes enhance the delivery and stability
of antisense DNA when it is loaded into liposomes. UBA molecules that are bound to the surface
of liposomes are not protected from the effect of DNases. Labelling of liposomes and UBA with
fluorescent marker may be used to assess the loading efficiency of liposomes.

Another limitation is the lack of assessment of the overall charge of the loaded liposomes.
It is possible to overcome the toxicity of cationic liposomes to H. pylori by incorporating antisense
DNA in appropriate concentration to achieve a neutral net charge. Although the positive charge
may be needed for better loading of UBA, it is not required for the delivery of UBA to H. pylori

since delivery of antisense oligonucleotides was possible using anionic liposomes (20).
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In this study, the strategy of using stearylamine-containing liposomes did not improve
urease inhibition by antisense DNA treatment. Optimization of the lipid composition, size and
charge of loaded liposomes may provide better stability and delivery of interfering molecules. In
addition, the use of more stable interfering molecules such as antisense peptide nucleic acid or
phosphorothioate oligonucleotides may offer better stability and activity. Understanding the exact
mechanism by which liposomes deliver interfering molecules to H. pylori may provide better
insight into developing the ideal liposomes that protect DNA from degradation but at the same
time provide optimum delivery to H. pylori. However, the slow and irregular growth rate of H.
pyvlori will be always challenging in terms of developing and optimizing novel alternative
approaches that rely on shutting key enzymes required for H. pylori survival.

In conclusion, although antisense DNA is an attractive treatment strategy due to the high
specificity of the treatment, urease inhibition was not improved with the use of stearylamine-
containing liposomes. Unloaded stearylamine-containing liposomes themselves have antibacterial
activity against H. pylori and may offer an alternative treatment approach for individuals in
communities where the prevalence of H. pylori infection is high and where standard treatment

therapies often fail, such as in Aklavik, NWT.
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Figure 4.1 Standard curve for the Stewart assay.

The Stewart assay was used to assess the phosphatidylcholine (PC) content of prepared
liposomes as described in 4.2.1.2.
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Sample Name: 0.12 um latex size beads 1

S0P Name: |atex beads.sop

File Name: liposome sizing.dis Dispersant Hame: Water
Record Number: 15 Dispersant Rl: 1.330
Material Rl: 1.59 Viscosity (cP). 0.8872
Material Absorbtion: 0.010 Measurement Date and Time: Thursday, Movember 07, 2013
Temperature (°C): 25.0 Duration Used (s): 60
Count Rate (kcps): 4214 Measurement Position (mm): 4.65
Cell Description: Disposable sizing cuvette Attenuator: 5
Size (d.nm): % Intensity: 5t Dev (d.nm}:
Z-Average (d.nm): 1191 Peak 1: 124.0 100.0 27.60
Pdl: 0.009 Peak 2: 0.000 0.0 0.000
Intercept: 0.944 Peak 3: 0.000 0.0 0.000

Result quality : Good
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Record 15: 0.12 um latex size beads 1|

Figure 4.2 Sizing result for 120 nm standard latex beads
Standard latex beads served to calibrate the Malvern Zetasizer Nano S as described in 4.2.1.3.
The average size of thel20 nm standard latex beads was 119 + 27.6 nm.

n=2
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Sample Hame: 0.20 um latex size beads 1

SOP Hame: latex beads.sop

File Hame: liposome sizing.dis Dispersant Name: Water
Record Number: 16 Dispersant Rl: 1.330
Material Rl: 1.59 Viscosity (cP): 0.8872
Material Absorbtion: 0.010 Measurement Date and Time: Thursday, Movember 07, 2013
Temperature ("C). 251 Duration Used (s): 60
Count Rate (kcps): 304.8 Measurement Position (mm): 4.65
Cell Description: Disposable sizing cuvette Attenuator: 5
Size (d.nm}: % Intensity: St Dev (d.nm}:
Z-Average (d.nm}): 201.0 Peak 1: 2104 100.0 4835
Pdli: 0.021 Peak 2: 0.000 0.0 0.000
Intercept: 0.953 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

e
&R

%)
(=}

==
i

=
=

n

Intensity (Percent)

=

1000 10000

=
=
=
-y
=

Size (d.nm}

Record 18: 0.20 um latex size beads 1

Figure 4.3 Sizing result for 200 nm standard latex beads

Standard latex beads served to calibrate the Malvern Zetasizer Nano S as described in 4.2.1.3.
The average size of the 200 nm standard latex beads 201 + 48.4 nm.

n=2
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Sample Name: Liposomes PC.Ch:SA1

S0P Name: liposomes.sop

File Name: liposome sizing.dis Dispersant Name: Water
Record Number: 17 Dispersant Rl: 1.330
Material RI: 1.43 Viscosity (cP): 0.8872
Material Absorbtion: 0.010 Measurement Date and Time: Thursday, Movember 07, 2013
Temperature (°C): 25.0 Duration Used (s): &0
Count Rate (kcps): 251.6 Measurement Position (mm): 4.65
Cell Description: Disposable sizing cuvette Attenuator: &
Size (d.nm): % Intensity: St Dev (d.nm):
Z-Average (d.nm): 1307 Peak 1: 149.4 100.0 570
Pdl: 0.128 Peak 2: 0.000 0.0 0.000
Intercept: 0.958 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

Intensity (Percent)

1000 10000

Size (d.nm}

Record 17: Lipozomes PC:Ch:SA 1

Figure 4.4 Sizing result for F1 liposomes (PC/CH/SA 7:3:1)
Liposome size (diameter) was determined in duplicate using the Malvern Zetasizer Nano S as

described in 4.2.1.3. The average size of this one F1 liposome preparation was 131 + 55.7 nm.
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Sample Name:

Liposomes PCICH/SAT 3:2 1

S0P Name: mansettings.nano
File Name: liposome sizing.dis Dispersant Name: Water
Record Number: 40 Dispersant Rl: 1.330
Material RI: 1.43 Viscosity (cP). 08872
Material Absorbtion: 0.010 Measurement Date and Time: Tuesday, January 21, 2014
Temperature (°C): 25.0 Duration Used (s): 60
Count Rate (kcps): 436.3 Measurement Position (mmy): 4.65

Cell Description: Disposable sizing cuvette Attenuator: ©

Size (d.nmy): % Intensity: St Dev (d.nmy):
Z-Average (d.nm): 116.0 Peak 1: 1387 100.0 59.07
Pdl: 0.152 Peak 2 0.000 0.0 0.000
Intercept: 0.839 Peak 3 0.000 0.0 0.000
Result quality : Good
Size Distribution by Intensity
DB e v e
=)
[
T T £
[
o
=
ﬁ =4
B Sf o
E
0
01 1 10 1000 10000
Size (d.nm})
[—— Record 20: Liposomes Poichisa 7:3:2 1|

Figure 4.5 Sizing result for F2 liposomes (PC/CH/SA 7:3:2)
Liposome size (diameter) was determined in duplicate using the Malvern Zetasizer Nano S as

described in 4.2.1.3. The average size of this one F2 liposome preparation was 116 + 59.1 nm.
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Sample Name: Liposomes PCICHISAT 3.1 + UBA

S0P Name: mansettings.nano

File Name: liposome sizing.dts Dispersant Name: Water
Record Number: 36 Dispersant Rl: 1.330
Material Rl: 1.43 Viscosity (cP). 08872
Material Absorbtion: 0.010 Measurement Date and Time: Tuesday, January 21, 2014
Temperature (*C): 249 Duration Used (s): 60
Count Rate {(kcps): 333.3 Measurement Position (mm): 465
Cell Description: Disposable sizing cuvette Attenuator: &
Size (d.nm): % Intensity: St Dev (d.nm):
Z-Average (d.nm): 117.7 Peak 1: 141.2 100.0 59.83
Pdl: 0.159 Peak 2: 0.000 0.0 0.000
Intercept: 0.950 Peak 3 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

Intensity (Percent)

01 1 10 1000 10000

Size (d.nm}

Record 38: Liposomes PCICHISA 7:3:1 + UBA 1

Figure 4.6 Sizing result for UBA loaded F1 liposomes
Liposome size (diameter) was determined in duplicate using the Malvern Zetasizer Nano S as
described in 4.2.1.3. The average size of this one UBA loaded F1 liposome preparation was 118

+ 59.8 nm.
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Sample Name: Liposomes PCICHISAT 3.1 + Scr UBA

SOP Name: mansettings.nano

File Name: liposome sizing.dis Dispersant Name: Water
Record Number: 38 Dispersant Rl: 1.330
Material Rl: 1.43 Viscosity (cP): 08872
Material Absorbtion: 0.010 Measurement Date and Time: Tuesday, January 21, 2014 -
Temperature (°C). 24.9 Duration Used (s). G0
Count Rate (kcps): 3820 Measurement Position (mm): 465
Cell Description; Disposable sizing cuvette Attenuator; 6
Size (d.nm}: % Intensity: St Dev (d.nm):
Z-Average (d.nm}): 131.3 Peak 1: 151.2 100.0 RETT
Pdi: 0.160 Peak 2: 0.000 0.0 0.000
Intercept: 0944 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity
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—— Record 38: Lipesomes PC/CHISA 7:3:1 + Scr UBA A

Figure 4.7 Sizing result for scr UBA loaded F1 liposomes
Liposome size (diameter) was determined in duplicate using the Malvern Zetasizer Nano S as
described in 4.2.1.3. The average size of this one scr UBA loaded F1 liposome preparation was

131 + 58.8 nm.
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i

Average size nm

Figure 4.8 Average liposome size
Each liposome formulation was prepared on 3 different days as described in 4.2.1.1 and sized as
described in 4.2.1.3.

n = 3 (each measurement was done in duplicate)
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Figure 4.9 Effect of increasing concentrations of F1 liposomes on the growth (cfu/ml) of
H. pylori A64 (one treatment at 0 h). The growth of H. pylori A64 (cfu/ml) was assessed at 3, 6,
12 and 24 h incubation after a single treatment at 0 h with different concentrations of F1 liposomes

as described in 4.2.2.
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Figure 4.10 Effect of a single treatment of 125 pg/ml of F1 liposomes on the growth of H.
pylori A64. H. pylori A64 growth from Figure 4.9 expressed relative to untreated control.
*n < 0.0001, significant difference in H. pylori growth when compared to untreated control at

time 0 h. n =3 per incubation time
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Figure 4.11 Effect of increasing concentrations of F2 liposomes on the growth (cfu/ml) of
H. pylori A64 (one treatment at 0 h). The growth of H. pylori A64 (cfu/ml) was assessed at 3,

6, 12 and 24 h incubation after a single treatment at 0 h with different concentrations of F2

liposomes as described in 4.2.2.
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Figure 4.12 Effect of a single treatment of 125 pg/ml of F2 liposomes on the growth of H.
pylori A64. H. pylori A64 growth from Figure 4.11 expressed relative to untreated control.

*n < 0.0001, significant difference in H. pylori growth when compared to untreated control at

time 0 h. n =3 per incubation time
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Figure 4.13 Effect of one treatment (at 0 h) of F1 or F2 liposomes on the growth of

H. pylori A64 (ODsoo). The growth of H. pylori A64 (ODeoo) was assessed at 24 h incubation
after one treatment at time zero with different concentrations of F1 or F2 liposomes as described
in4.2.2.

n = 3 per concentration
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Figure 4.14 Effect of two treatments (at 0 h and 12 h) of F1 or F2 liposomes on the growth
of H. pylori A64 (ODecoo)

The growth of H. pylori A64 (ODesoo) was assessed at 24 h incubation after two treatments at
time 0 h and 12 h with different concentrations of F1 or F2 liposomes as described in 4.2.2.

n = 3 per concentration
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Figure 4.15 Effect of two treatments (at 0 h and 12h) of F1 or F2 liposomes on the growth
of H. pylori A64 (cfu/ml)

The growth of H. pylori A64 (cfu/ml) was assessed at 24 h incubation after two treatments at
time 0 h and 12 h with different concentrations of F1 or F2 liposomes as described in 4.2.2.

n = 3 per concentration
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Figure 3.16 Effect of two treatments (at 0 h and 12h) of F1 or F2 liposomes on the growth
of H. pylori A64 (cfu/ml)

H. pylori A64 growth (cfu/ml) from Figure 4.15 expressed relative to untreated control.

*n < 0.0001, significant difference in H. pylori growth when compared to untreated control at

time 0 h. n = 3 per incubation time
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Figure 4.17 Membrane impermeability assay

UBA loading efficiency into liposomes was assessed by comparing the intensity of
UBA-+liposomes with SDS-treated UBA+ liposomes, each stained with SYBR® Gold as
described in 4.2.3.1. SDS disrupts liposomes, exposing UBA to SYBR® Gold stain. Free UBA
served as a positive control. HEPES-buffered saline and unloaded liposomes served as negative

controls.
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Figure 4.18 Effect of increasing concentrations of liposomes on the intensity of SYBR®
Gold stained UBA

A constant amount of UBA was mixed with liposomes in an increasing weight ratio from 1:1 to

1:10, run through a 2% agarose gel, and then strained using SYBR® Gold as described 4.2.3.1.

200



—— unloaded liposomes
=—scr UBA
-+ UBA

ODs569
oNhO’ch-?o’moNho’m

.0 5 10 15 20 25 30 35 40 45 50 55 60

Time (min)

35+
30+
25+
20+
154
10+

Urease Vmax mOD5g/min

Figure 4.19 Effect of 20 nM UBA loaded F1 liposomes on the urease activity of H. pylori
A64 . Urease activity of H. pylori A64 is measured as ODsg0/min every 5 min up to 60 min as
described in 3.2.2.2 (chapter 3) for unloaded F1 liposomes, 20 nM scr UBA + F1 liposomes, or
20 nM UBA + F1 liposomes as described in 3.2.3.3 (chapter 3). scr UBA refers to scrambled
urease antisense treatment that serves as a negative antisense DNA control.

p > 0.05, 20 nM scr UBA + F1 liposomes, or 20 nM UBA + F1 liposomes vs unloaded F1

liposomes, n =3 per treatment group
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Chapter 5

Summarizing Discussion and Future Directions

5.1 Summarizing Discussion

In this thesis I focus on two themes. First, the investigation of the genotypic features of H.
pylori and gastric histopathology of infected research participants from Aklavik, NWT. Second,
alternative approaches for the treatment of H. pylori infections.

Aklavik is a remote Aboriginal community in northern Canada where the prevalence of H.
pylori infection is 2-3 times higher than the estimated prevalence in other urban communities in
Canada (1-3). The work presented in Chapter 2 is a collaborative work of the CANHelp Working
Group; a group that was established to link University of Alberta researchers with northern
community leaders and health officials (4). The main goal of the group is to address community
concerns regarding health risks of H. pylori infections among northern communities. The Aklavik
H. pylori Project is the initial project of the CANHelp Working Group to address community
concerns regarding a perceived high incidence of gastric cancer in Aklavik (4). The project is a
community driven research project that actively engages the community through knowledge
translation.

The clinical outcomes of H. pylori infections are hypothesized to be dependent on several
virulence genes, as well as specified environmental and host factors (5). The major virulence genes
(cagA, vacA, babA2) encode two toxins (CagA and VacA) and one adhesin (BabA). The CagA
toxin disturbs cellular functions by interacting with certain cellular protein that has an important
role in mitogenic cellular transduction, which may lead to the development of gastric cancer (6).
The VacA toxin, sometimes but not always, induces cell vacuolation, disrupts mitochondrial
functions and stimulates apoptosis (7). The BabA protein is involved in H. pylori adhesion to
gastric mucosa, which is required for gastric colonization (8).

Chapter 2 of this thesis is the first description of the frequency of major H. pylori virulence
genotypes and estimation of their association with different gastric histopathology outcomes for
121 research participants of Aklavik, NWT (population ~600) with recoverable H. pylori from
gastric biopsies. Similar to other published studies, the vac4 and babA2 genes were detected in

virtually all (up to 97%) H. pylori from Aklavik research participants. However, the cagd gene
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was detected in only one third of H. pylori from Aklavik participants. Unlike the vacA4 gene and
babA2 gene, the cagA gene is present in an insertion region in the chromosome that was acquired
from other bacteria (9). This region is known as the cag pathogenicity island, which encodes for
the machinery required for CagA protein injection into the host cells (10). The cagA gene has been
detected in about 70% of H. pylori strains worldwide, but this rate varies by geographical location
from 90-95% of H. pylori in East Asian countries such as South Korea, China and Japan, versus
only about 40% in Western countries such as Australia, United States of America and England
(11). The low prevalence of cag4 in H. pylori from Aklavik (34%) was similar to that observed in
Western countries. As expected, the presence of cag4 in Aklavik isolates was more likely to be
associated with individuals diagnosed with severe chronic gastritis, gastric atrophy and/or
intestinal metaplasia than those without, as determined by histopathology assessment of their
gastric biopsies.

BabA adherence is mediated through the fucosylated Lewis b blood-group antigen (8).
Fucosylation results in molecular mimicry between H. pylori lipopolysaccharide and host
glycoconjugates, which helps H. pylori to evade host immune responses (12). Virtually all Aklavik
research participants were infected with H. pylori that carry the babA2 gene. Two different
amplicon sizes were obtained by PCR among H. pylori isolates from Aklavik. The unexpected
amplicon size (248 bp) was more prevalent in H. pylori from research participants with moderate
to severe chronic gastritis than those with absent or mild chronic gastritis. This suggested that the
248 bp amplicon may be a marker for a babA2 variant associated with more severe gastric
histopathology as compared with histopathology associated with the 271 bp amplicon.
Examination of babA2 gene expression of the Aklavik H. pylori by mRNA detection revealed that
babA2 amplicon size could not predict whether the gene was expressed and therefore cannot
predict the presence of BabA protein. Expression of the babA2 gene is regulated by phase variation
(13) as are some other H. pylori genes. Phase variation refers to the expression of heterogeneic
phenotypes in a clonal bacterial population (14). It is not known whether there are differences in
BabA binding in H. pylori associated with more severe gastric pathology. Neil and coworkers
recently reported that although BabA-mediated adherence to Lewis b antigen was stable in most
H. pylori positive individuals studied, up to 22% had reduced or lost ability to bind Lewis b antigen
(15). They also identified amino acids sequences that affected the strength of BabA binding to

Lewis b antigen. It is unknown whether the Aklavik isolates have a variable ability to bind to the
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stomach epithelium of infected individuals, or whether variable binding of BabA could contribute
to different disease outcomes. The greater prevalence of the 248 bp babA2 amplicon with severe
or moderate chronic gastritis versus mild/absent chronic gastritis, may be related to the strength of
BabA binding to the gastric mucosa, but this requires further investigation. The lack of association
of the babA2 gene with gastric atrophy or intestinal metaplasia supports the importance of the role
of BabA for the establishment of H. pylori infection.

Almost all of the H. pylori from Aklavik research participants were positive for the vacA
gene. Polymorphism within vacA is reported to to induce cell changes such as vacuolation (16).
Two major polymorphic regions have been identified within vacA4: the signal region (s/ or s2) and
the midregion (m/ or m2) (17). The vacA s1/m1 strains being classified as the most virulent, while
those with s//m2 were classified as having intermediate virulence and those with s2/m2 as the least
virulent (18). Another vacA polymorphic site, designated as the intermediate (i) region, was
identified as having two sequence types (i/ and i2) (19). In H. pylori isolated from Aklavik
research participants, the vacA4 si, il and ml types were associated with the presence of gastric
atrophy than without atrophy, whereas vacA sI was associated with the presence of intestinal
metaplasia than the absence of intestinal metaplasia. Winter et al, recently reported a strong
association between vacA il and precancerous intestinal metaplasia in mice (20). The same study
also examined human gastric biopsy specimens and reported a strong association of the vacA il
type with intestinal metaplasia (20). The vac4 12 type was associated with the absence of intestinal
metaplasia, even if the H. pylori was positive for vacA sI and cagA genes (20). Rhead reported an
association between the i/ type and gastric adenocarcinoma but not with i2 among 73 Iranian
patients (19). Gastric cancer was not detected in the Aklavik research participants.

Investigation of the association of three major virulence factors (cagd, vacA and babA?2)
with the presence of gastric diseases using crude odds ratios, revealed that Aklavik individuals
infected with the hab42 248 amplicon variant were most likely to have severe acute or severe
chronic gastritis than moderate/mild/absent gastritis. This supports the importance of the BabA
adhesin in the colonization of the gastric mucosa. Aklavik research participants infected with
cagA-positive, vacA il-positive or vacA ml-positive H. pylori were more likely to have
moderate/severe acute gastritis than mild/absent acute gastritis. This was not observed for
individuals with moderate/severe chronic gastritis versus mild/absent chronic gastritis. Individuals

with gastric atrophy were more likely to be infected with cagA4-positive, vacA si-positive or vacA
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ml positive H. pylori, while those with intestinal metaplasia tended to be infected with cagA-
positive or vacA sl positive H. pylori. These findings suggest the presence of particular
polymorphisms or variants the bab42 and vacA genes promote the progression from gastritis, to
atrophy, metaplasia and ultimately the development of gastric cancer. However, this study did not
identify unique H. pylori genotypes that could predict different clinical outcomes among residents
of Aklavik as proposed in the first hypothesis of this thesis.

Crude odds ratios do not account for the presence of confounding variables, and therefore
limit the interpretation of the findings. Future studies will use more detailed multivariate analyses
on a larger genotype profile that will account for confounding variables. Since the CANHelp
Working Group has extended their activities to other communities in the Northwest Territories and
Yukon, the greater sample size will allow a more reliable assessment of the influence of virulence
factors on the pathogenesis of H. pylori infections. The resulting odds ratio calculations with
narrower confidence intervals would provide more strength of association of genotype with
histopathology. Understanding the associations of other virulence factors with histopathology will
provide better insight into the role of different virulence factors in developing gastric diseases.

H. pylori is genetically one of the most diverse bacterial species due to the highest rate of
genetic recombination. Infection with more than one strain is not uncommon due to such high level
of genetic recombination (21). More than one type of vacA gene (m1/m2 and/or i1/i2) was detected
in 11% of H. pylori cultures from Aklavik research participants, indicating infection with more
than one strain. Didelot ef al investigated genomic evolution within two H. pylori-infected families
from South Africa and observed little genetic recombination for many individuals while in some,
substitutions were introduced 100 times more often than mutation (22). Comparison of the
genomes revealed more frequent transmission events between some close family members and
those living within the same home, but this was not the case most for most individuals (22). Krebes
et al., recently reported extensive bidirectional exchange among H. pylori infected family members
(23). Kersulyte et al., reported evidence of extensive genomic rearrangement in an Aklavik strain
(24). One Aklavik H. pylori strain contains extra iron-cofactored urease genes and about 140
rearrangements in its chromosome relative to previously described strains although strains
typically differ from one another by less than 10 rearrangements (24). In a community with high
prevalence of H. pylori infection, such as Aklavik, infection with more than one H. pylori strain

as reported in this thesis, may be underestimated.
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The high prevalence of acute and chronic gastritis (more than 80%) observed in gastric
biopsies collected from research participants justifies concerns about H. pylori infection raised by
members of the Aklavik community. In addition, the detection of precancerous lesions (atrophy or
intestinal metaplasia) supports their concerns regarding increased risk of gastric cancer. The
association of certain H. pylori genotypes with gastric diseases supports the concerns raised by
community members regarding the perceived risk of gastric cancer. Accordingly, the community
is concerned with treatment strategies to effectively treat H. pylori infections.

Standard therapies may fail to treat H. pylori infections due to antimicrobial resistance (25),
re-infection (26), patient compliance, and the high cost of currently used drugs (27). H. pylori can
be treated by different treatment regimens of which triple, sequential and quadruple therapies are
the most common. In triple therapy, a proton pump inhibitor (PPI) with amoxicillin and
clarithromycin or metronidazole are taken for 7 to 10 days (28). Sequential therapy is a 10-day
course that includes a 5-day treatment with PPI + amoxicillin, followed by another 5-day treatment
with PPI + clarithromycin + tinidazole or metronidazole (29). Quadruple therapy is composed of
a combination of bismuth subcitrate potassium, metronidazole, tetracycline, and omeprazole (30).
The effectiveness of standard triple therapy and sequential therapy was investigated for the
community of Aklavik. A total number of 89 research participants had treatment results; 49 had
standard triple therapy (PPI-CA) and 40 had sequential therapy (ST). The intention to treat
effectiveness was 55% (95% CI 41% - 69%) for PPI-CA and 57% (95% CI 43% - 71%) for ST
(31). Because of the relatively low eradication rate of Aklavik H. pylori infections, alternative
treatment approaches are needed.

Gene silencing is an attractive field of research due to the specificity of the treatment. The
first-in-humans trial of gene silencing therapy through RNA interference in endometrial cancer
patient with liver involvement was published in 2013. The interfering RNA was loaded in lipid
nanoparticles and was administered intravenously biweekly. The treatment resulted in target
downregulation, and antitumor activity, including complete regression of liver metastases in
endometrial cancer patient (32). However, no clinical trials have been done to treat bacterial
infections using gene therapy.

Chapter 3 discusses the possibility of interfering with the production of urease, an enzyme
that is essential for H. pylori colonization, using gene therapy. Urease catalyzes the hydrolysis of

urea to form carbon dioxide (CO;) and ammonia (NH3), which neutralizes the gastric acid, thereby
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allowing H. pylori to grow (33). In Chapter 3, I discussed three novel strategies that can be used
to inhibit H. pylori urease activity. The first strategy used a plasmid carrying a mutant urease gene;
however, the plasmid did not knockdown urease expression. The second strategy loaded antisense
DNA against the urease gene into DOTAP® cationic liposomes. The antisense DNA inhibited
urease activity by 40% when incorporated into DOTAP® cationic liposomes. In the absence of
DOTAP®, fifty times more concentration of the antisense DNA was required to achieve the same
inhibition. This suggests that DOTAP® protects the antisense DNA from degradation and enhances
its delivery to H. pylori. However, 100% inhibition in urease activity could not be achieved and
so the effect of the treatment on H. pylori survival in an acidic medium was not assessed. Further
modification of liposome content and interfering treatment may be needed to achieve 100%
inhibition in urease activity. The third strategy used siRNA against the urease gene but no
inhibition of urease expression was obtained. This suggests that the siRNA may be ineffective in
H. pylori due to the absence of RNase III, which is required for the endonucleolytic cleavage of
the complementary target mRNA (34). The findings of the second approach provided evidence to
support part of the second hypothesis of this thesis in that liposome-mediated delivery of antisense
DNA against the urease gene of H. pylori will specifically disrupt the ability of H. pylori isolates
to produce urease, but did not provide evidence that it could impair H. pylori survival in the
stomach.

Bucker and colleagues simulated prandial and post-prandial stomach conditions in a
Mongolian gerbil model of H. pylori infection (35). They observed that adult gerbils were able to
reacidify the gastric mucosa more quickly after a meal than young babies, which coincided with
an impaired ability for H. pylori to colonize the gastric mucosa of adults vs babies (35). This
suggests that an urease antisense DNA treatment may have the potential to be more effective in
babies than adults if similar response is observed in humans.

The antisense treatment did not affect H. pylori growth as all experiments were done in
neutral culture media where urease in not required for survival. Although the antimicrobial activity
of cationic liposomes were previously reported, DOTAP® cationic liposomes did not have any
effect on H. pylori growth rate at concentrations used in the experiments performed in Chapter 3.
Creation of in vitro acidic culture medium that simulates gastric juice faces number of challenges.
In the literature, a number of studies demonstrated survival of H. pylori when incubated at pH 4.0.

However, no study has demonstrated H. pylori growth in an acidic medium (36,37). An
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undergraduate student in our lab tried designing acidic culture media that would support H. pylori
growth under various acidic pH conditions. However, H. pylori demonstrated survival but not
growth in pH more than 4. Since the antisense DNA inhibits urease activity by interfering with
transcription and/or translation (38), the treatment is only effective when added to actively growing
H. pylori. 1t is not expected for antisense DNA to have a significant effect on urease production
by H. pylori when cells are in the stationary phase. During the exponential phase, cell division
proceeds at a constant rate allowing for production of mRNA, which is the target site for antisense
DNA treatment. An acidic medium that supports H. pylori growth is needed to test the effect of
antisense DNA on H. pylori growth in conditions that are similar to the physiological condition,
however, more research is needed to design this medium.

The oral delivery of antisense oligonucleotide-loaded liposomes will face number of
challenges as liposomes may be rapidly degraded by the high acidity of the stomach and the action
of digestive enzymes. Coating loaded liposomes with polymers such as chitosan and pectin may
enhance their acid stability and mucoadhesive properties (39); however, it is unknown whether or
not coating may affect the delivery of interfering molecules to H. pylori. Oral liposomal delivery
of antimicrobials and other drugs were previously reported but the oral delivery of liposomes
loaded with antisense oligonucleotides has not been investigated.

The Aklavik H. pylori isolates demonstrated variation in their urease activity. The same
concentration of antisense DNA + DOTAP® exerted variation in urease inhibition when the
treatment was applied to different Aklavik H. pylori isolates. The variation was not only due to
differences in urease activity but also due to differences in growth rate among Aklavik H. pylori
isolates. Such variation may also affect the response to the antisense DNA in vivo. In addition, the
urease activity differs in vivo depending upon the pH of the surrounding environment. Activation
begins at a pH of 6.5 and reaches its maximum at pH 5.5. Constant urease activity was observed
at pH between 2.5 and 3.0. Urease activity is maintained over a broad range of acidic pH but is
lost at pH levels where ammonia production might be toxic to H. pylori (40). The in vivo variation
in urease activity at different pH values may limit the effectiveness of the any treatment that
interfere with urease production especially if the treatment was given at constant rate regardless
the pH values. Other H. pylori genes that are essential for gastric colonization, such as motility

genes should be investigated as possible alternative to the urease gene.
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Cationic liposomes have been previously reported to exert antimicrobial activity against
bacteria, fungi and protozoan (41-43). The antibacterial activity of two formulations (F1 and F2)
of stearylamine-containing liposomes was reported for the first time in Chapter 4 of this thesis,
and demonstrated antibacterial activity against H. pylori. The prepared liposomes had egg
phosphatidylcholine (PC), cholesterol (CH) and stearylamine (SA) in a molar ratio of 7:3:1 (F1
liposomes) and 7:3:2 (F2 liposomes). When two treatments of at least 75 pg/ulL F2 liposomes were
given at 0 and 12 h, H. pylori growth was inhibited by 100%. Preliminary data from the Keelan
lab revealed a minimal toxicity to gastric epithelial cell lines for F2 liposomes when used at the
minimal inhibitory concentration (200 pg/mL). Stearylamine-containing liposomes may be
alternative treatment approach for H. pylori infections resistant to commonly used antibiotics.
These findings provide evidence to support the third hypothesis of this thesis that stearylamine-
containing cationic liposomes will inhibit the growth of H. pylori.

Liposomal free fatty acids were previously reported to have antimicrobial activity against H.
pylori. A recent study has reported antibacterial activity for liposomal linolenic acids against
antibiotic-resistant H. pylori. The liposomal linolenic acid was compared to that of liposomal
stearic acid and oleic acid. Liposomal linolenic had the most potent bactericidal effect and
completely killed H. pylori within 5 min with minimal toxicity (44). The design of liposomes
containing both stearylamine and linolenic acid may further enhance antimicrobial activity without
being toxic to gastric cells. Coating of the designed liposomes with chitosan or pectin will be
needed to achieve acid stability. Polymer coating may enhance the antimicrobial activity of the
cationic liposomes due to changes in the overall charge as these polymers are cationic (39).
However, coating might be challenging due to the similarity in charge between liposomes and the
coating polymers so further modification in liposomes charge may be needed to achieve maximum
coating without affecting the antimicrobial activity. Another strategy is the use of synthetic
polymers such as Eudragit® which combines both mucoadhesive and pH dependent content
release. Although Eudragit® was specifically designed to achieve drug release in the small
intestine, it can be used to achieve acid stability without releasing stearylamine content. The
antimicrobial activity of stearylamine-containing liposomes depends on the overall liposome
charge rather than stearylamine delivery to H. pylori. Eudragit®-coated liposomes showed high
stability at pH = 1.4 and 6.3 but rapidly degraded by bile (in the duodenum) which will minimize

stearylamine delivery to the small intestine and colon (45).
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The antisense DNA loaded F1 liposomes were inferior to antisense DNA loaded DOTAP®
in inhibiting urease activity. Further modification of the lipid content and/or interfering molecules
may be needed to maximize urease inhibition. The incorporation of DOTAP® lipid into liposomes
having PC and CH may enhance the stability of liposomes and offers better inhibition of urease
activity. Another strategy is to prepare anionic liposomes loaded with UBA to protect antisense
DNA from the effect of DNases without being toxic to H. pylori and so provide better interference
with urease activity.

In summary, the work presented in this thesis is the first report on the genotypic features of
H. pylori isolates from Aklavik, a remote community in the north where the prevalence of H. pylori
infections is high. Novel alternative approaches to treat H. pylori infections were investigated.
Interfering with urease expression may be a specific treatment approach if more research is
performed to modify the lipid composition of liposomes and/or interfering molecules to
completely abolish urease expression. Stearylamine-containing liposomes have antibacterial

activity against H. pylori and may offer a valuable treatment approach.

Concluding remarks

There is a gap in our understanding of the characteristic genotypic features of H. pylori
isolated from northern Canadian communities where the prevalence of H. pylori is high and there
is high level of treatment failure. The Aklavik project is a community driven research project that
was initiated by community members due to their concerns regarding a perceived increased risk
of gastric cancer in their community. The work presented in this study is the first report of the
characteristic genotypic features of H. pylori isolates from Aklavik and their association with
clinical outcomes. The association of genotypes such as cagA4 and vac4 with more severe gastritis
or intestinal metaplasia may identify H. pylori isolates that must be eradicated to avoid the
development of more severe gastric disease. The identification of about 140 rearrangements in the
chromosome of one Aklavik H. pylori strain relative to previously described strains from other
populations illustrates the unique characteristics of Aklavik isolates (7). Understanding the
characteristics of these isolates may give insight into their role in causing gastric diseases and the
best methods for effective treatment.

Antimicrobial resistance and treatment failure are global health concerns not only in A.

pylori infections but also in other infectious diseases. There is a great demand for alternative
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treatment approaches that would specifically target infectious agents. The work presented in this
thesis is the first report of the possibility of inhibiting H. pylori urease by using antisense DNA.
Interfering with the production of enzymes that are essential for pathogen survival in its host is
considered to be a specific and effective treatment. The use of cationic liposomes enhances the
delivery and stability of antisense DNA. Complete inhibition of urease activity was not possible
in this study; however, changing liposome composition and/or interfering agent may further
suppress urease activity. This strategy, if well optimized, may be valuable alternative approach to
treat bacterial infections that are resistant to conventional treatment approaches.

Cationic liposomes have antimicrobial activity against bacteria, fungi and protozoa. This
study is the first report of the antimicrobial activity of stearylamine-containing liposomes against
H. pylori. Preliminary data from the Keelan lab showed minimum toxicity to gastric cell lines at
the minimum inhibitory and minimum bactericidal concentrations. The novel treatment approach
may offer alternative treatment to H. pylori infections that are resistant to conventional treatment

strategies.
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5.2 Future Directions

5.2.1 Genotypic features of H. pylori isolates from Aklavik NWT

5.2.1.1 To sequence vacA i-region and subtype vacA sl region

The correlation of genotypic features to histopathological outcomes revealed the
importance of the vacA intermediate region as a predictor for acute gastritis. Polymorphism in the
vacA i-region at amino acid position 196 was previously found to impact H. pylori induced disease
development (46). Sequence analysis of vacA intermediate regions of Aklavik isolates associated
with moderate/severe acute gastritis may give insight into the virulence characteristics of those
isolates and the reason for their increased virulence. Among Aklavik isolates, vacAs1 type was not
significantly associated with more severe clinical outcomes. Further typing of vacA s/ into sia,

s1b or s1c may identify the actual role of vacA4 sI in H. pylori pathogenesis.

5.2.1.2 To combine genotypic data from other northern communities

Much more genotype information has been determined for the H. pylori isolates collected
from the northern communities. Since the Aklavik H. pylori project has been extended to other
communities in Northern Canada such as Old Crow, Tuktoyaktuk and Fort McPherson. Combining
the data from several communities may overcome the problem of small sample size and provide
more power in the data analysis to assess the prevalence of severe disease outcome for residents
of Northern Canada and the contribution of virulence factors in the pathogenesis of H. pylori

infection.

5.2.1.3 To study immune gene polymorphisms of Aklavik participants

Host immune gene polymorphisms such as the interleukin-1 gene cluster and gastric acid
secretion were previously reported to influence H. pylori's ability to colonize the stomach and
establish a clinical condition (47,48). Understanding the immune gene characteristics of Aklavik
research participants with more severe clinical outcomes relative to participants with mild or
absent clinical presentation may recognize patients with increased risk for disease progression.
Furthermore, assessing the roles of both host and pathogen risk factor in disease development will

strengthen our knowledge regarding risk factors for residents within the northern communities.

214



5.2.2 Inhibition of urease activity by antisense DNA

5.2.2.1 To modify antisense DNA structure for better stability

DOTAP mediated delivery of unmodified antisense DNA against the ureB gene suppressed
the urease activity of H. pylori by 40%. Modification of antisense DNA structure may enhance its
stability and maximize its activity. Phosphorothioates modified antisense DNA are more stable in
cells and tissues. Modification is performed by substituting non-bridging oxygen at each
phosphorus in the oligonucleotide chain by sulfur. Substitution retains the charge and solubility of
the unmodified phosphodiester oligomer, as well as its ability to hybridize with target mRNAs
(49). Another strategy is using peptide nucleic acids which are oligonucleotide analogues in which
the deoxyribose or ribose-phosphate backbone has been replaced by a pseudopeptide skeleton.
They bind DNA and RNA with high specificity and selectivity, leading to PNA-RNA and PNA-
DNA hybrids that are more stable than the corresponding nucleic acid complexes. The binding
affinity and selectivity of PNAs for nucleic acids can be modified by the introduction of

stereogenic centers (such as D-Lys-based units) into the PNA backbone (50).

5.2.2.2 To modify the lipid composition of liposomes for better delivery

Since the stearylamine-containing liposomes was inferior to DOTAP® in enhancing UBA
stability and delivery, further modification of the lipid content may be needed. Liposomes
containing egg phosphatidylcholine, cholesterol and DOTAP may provide better delivery for
UBA. Coating of the liposomes with a polymer may be needed to ensure the acid stability as the
acid stability of DOTAP™ is uncertain.

5.2.3 Antimicrobial activity of stearylamine-containing liposomes

5.2.3.1 To investigate the effect of increasing stearylamine concentration

The F2 liposomes containing egg phosphatidylcholine, cholesterol and stearylamine in a
molar ratio 7:3:2 showed much higher antimicrobial activity than F1 liposomes containing the
same ingredients in a molar ratio of 7:3:1. Further increase in stearylamine concentration may

enhance the potency of the liposomes.
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5.2.3.2 To determine the MIC and MBC of stearylamine-containing liposomes

The lowest concentration of an antimicrobial that will inhibit the visible growth of a
microorganism following overnight incubation is known as the minimum inhibitory concentration
(MIC), while the lowest concentration of an antimicrobial that will kill an organism following
overnight incubation is known as minimum bactericidal concentration (MBC) (51). MICs and
MBCs are used to determine the in vitro activity of new antimicrobials and so determine the

minimum concentration at which they could be used in vivo.

5.2.3.3 To assess the toxicity of liposomes to gastric cells

Stearylamine-containing liposomes should be used in a concentration that is non-toxic to
gastric cell lines. Liposomes bearing phosphatidylcholine and stearylamine in a molar ratio of 7:2
killed Leishmania in vitro and in vivo, without having any adverse effect to human macrophages
but no investigation was performed on gastric cells (43). Although increasing the stearylamine
concentration enhances the antimicrobial activity of the liposomes, higher concentrations might
lack the selective toxicity and may prevent their use as antimicrobial agents. The ideal formulation

will have maximum inhibitory effect on H. pylori without harming gastric cells.

5.2.3.4 To target liposomes to H. pylori

The use of liposomes targeted to a molecule specific to the surface of H. pylori would have
the advantage of affecting only H. pylori without harming other bacteria living as commensals in
the gastro-intestinal tract, and would also prevent the toxicity of these liposomes to eukaryotic
cells. Targeting can be achieved by incorporating a neoglycolipid with a structure similar to Le®
that can bind the BabA protein. The same strategy was previously used to enhance the specific

delivery of antimicrobials to H. pylori (52).

5.2.3.5 To coat the liposomes with polymers to enhance acid stability
Coating of liposomes with mucoadhesive thiomer might be needed if the acid stability
needed to be further enhanced (53). This mucoadhesive thiomer may also be essential for

prolonged contact time with gastric mucosa for optimum therapeutic effect of the new therapy.
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