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SUMMARY

Blastocystisis a ubiquitous enteric protozoan found in theestihal tract of
humans and a wide range of animals. Accumulatingegce over the last decade
suggests association &lastocystiswith gastrointestinal disorders involving diarrhea
abdominal pain, flatulence and vomiting. Despitevrienowledge ofBlastocystiscell
biology, genetic diversity, and epidemiology, itsatlpogenic potential remains
controversial. Numerous clinical and epidemiolobiciudies either implicated or
exonerate the parasite as a cause of intestinehghs Clinical and experimental studies
have associate8lastocystiswith intestinal inflammation and it has been shothat
Blastocystishas potential to modulate the host immune respdBlsestocystisis also
considered an opportunistic pathogen and high preua is reported in
immunocompromised HIV patients. However, nothingksown about the parasitic
virulence factors and early events following hoatgsite interactions. Therefore, the aim
of this study was to investigate the pathogeniepiml of Blastocystis by studying the
interactions oBlastocystiswith intestinal epithelial cell lines. This studgports thaB.
ratti WR1 induces apoptosis in IEC-6 cells in a contadependent manner.
Furthermore, it was found th&. ratti WR1 rearranges F-actin distribution, decreases
transepithelial resistance, and increases epithpgianeability in IEC-6 cell monolayers.
In addition, it was demonstrated thBtastocystiseffects on transepithelial electrical
resistance and epithelial permeability were sigaiftly abrogated with metronidazole

treatment, an antiprotozoal drug. Results sugdedtBlastocystianduced apoptosis in

Xiv



host cells and altered epithelial barrier functimmght play an important role in its

pathogenesis.

In the present study, the molecular mechanismg/tigh Blastocystisactivates
IL-8 gene expression in human colonic epitheliall T&lls were also investigated. This
study demonstrates for the first time that cysteaneeases oBlastocystiscan activate
IL-8 gene expression in human colonic epithelidisc&urthermore this study shows that
NF-xB activation is involved in the production of IL-&indings show that the
antiprotozoal drug metronidazole treatment can tavet8 production induced by
Blastocystis rattiWR1. It was also shown for the first time that tentral vacuole of
Blastocystismay function as a reservoir for cysteine protedsat can degrade human
secretory immunoglobulin A. These findings will @enly help to understand
pathobiology of a poorly studied parasite whoseliputealth importance is increasingly

recognized.
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CHAPTER 1:

INTRODUCTION



1.1 INTRODUCTION

Blastocystidgs an enteric protozoan parasite of humans and/raamals. It was
first described in the medical literature in 19Mlekeieff 1911) and since then its
pathogenic significance has always been uncerBlastocystishas been ignored as a
pathogen due to its association with mild naturgadtrointestinal symptoms and also
with many asymptomatic cases. In addition, lackcohtrolled experimental studies
addressing the pathogenicity aspects underestimiggedtatus as a gastrointestinal
pathogen. Moreover, most conclusions were made fronilicting case reports which

led to confusion and disagreements among researahdrclinicians.

Blastocystiss commonly identified in stool specimens andsibne of the most
common parasites that reside in the human intésteet. The disease it causes is called
blastocystosis but most publications refer it to Blastocystisinfections. Clinical
symptoms attributed tBlastocystignfections include recurrent watery diarrhea, nusco
diarrhea, vomiting, abdominal cramps and flatulenB&astocystiscan infect both
children and adults and its geographical distrimuthppears to be global with prevalence

ranging from 30 to 50% in developing countries (@& and Boreham 1996).

At first, the nameB. enterocolavas proposed by Alexeieff (1911) and later it was
isolated from human feces and the ndnéominiswas coined (Brumpt 1912). Initially,
it was described as harmless intestinal yeastadsociation with human disease was

suggested by a number of reports and eventuallk wgrZierdt (1991) increased the



awareness dBlastocystignfections in humans. In spite of its descriptaiout a century
ago, the exact pathogenesis mechanism®laétocystisinfections are uncertain. A
number of clinical and epidemiological studies iogle the parasite as a potential
pathogen, while others exonerate it as an etiotwgptestinal disease (Tan 2004; Leder
et al. 2005). Significant progress has been acHi®redescriptions of the morphology
and genetic diversity dBlastocystidout most aspects of its life cycle, molecular by,

and pathogenicity remain unresolved (Stenzel anelton 1996; Tan 2004).

1.2 TAXONOMY

The taxonomic classification dlastocystisis a controversial subject and there
are many disagreements among researclBastocystiswas earlier described to be a
yeast or a fungus (Alexeieff 1911; O'Connor 19E9gyst of another protozoa (Bensen
1909), or a degenerating cell (Swellengrebel 19Blastocystiswas described as a
protist on the basis of morphological and physimalfeatures (Zierdt et al. 1967).
These protistan features included presence of enmarve nuclei, smooth and rough
endoplasmic reticulum, Golgi complex, mitochondik&- organelles, inabilty to grow on
fungal medium, ineffectiveness of antifungal drugmd susceptibility to some
antiprotozoal drugs. LateBlastocystiswas classified as a sporozoan (Zierdt 1991) and

finally reclassified as a sarcodine.

Molecular sequencing studiesBifistocystipartial small-subunit rRNA (ssrRNA)

showed thatBlastocystisis not monophyletic with the yeasts, fungi, saroedi or



sporozoans (Johnsat al. 1989) and it was concluded tBdstocystids not related to
yeasts. In another study, the compl&astocystisssrRNA gene was sequenced and
phylogenetic analysis suggested tHallastocystis should be classified within the
Stramenopiles (also known as Heterokonta) (Silbarned al 1996). Molecular
phylogenetic analysis showed thBlastocystisis closely related to the Stramenopile
Proteromonas laceratéArisue et al. 2002). Another study involving molecular lgses

of BlastocystisssrRNA, cytosolic-type 70-kDa heat shock protéianslation elongation
factor 2, and the non-catalytic ‘B’ subunit of vatar ATPase confirmed that
Blastocystisis a Stramenopile (Arisuet al. 2002). Stramenopiles characteristically
possess flagella with mastigonemes. Interestinglgce Blastocystisdoes not have
flagella and is non-motile, it was therefore place@ newly formed Class Blastocystea
in the Subphylum Opalinata, Infrakingdom Heterokor@ubkingdom Chromobiota, and
Kingdom Chromista (Cavalier-Smith 1998). In additi@longation factor-d (EF- o)
sequencing for phylogenetic analysis also showatlBlastocystisis not a fungus and
suggested that it diverged befoilgypanosoma Euglena Dictyostelium and other
eukaryotes. Most studies in the past namktocystisspecies according to host origin
and this may have resulted in confusion regardipgciéicity, cell biology and
pathogenicity of the parasite. Recently, a consemgport on the terminology for
Blastocystisgenotypes was published (Stensveldal. 2007b). Based on this report
humans can be host tBlastocystisfrom a variety of animals including mammals
(subtype 1), primates (subtype 2), rodents (sub#)peattle and pigs (subtype 5), and

birds (subtype 6 and 7) (Noet al. 2005; Yaret al. 2007).



1.3 SPECIATION AND GENETIC DIVERSITY

Blastocystishas been isolated from an extensive range of hbstsincludes
primates, pigs, rodents, reptiles, insects andsbiBoreham and Stenzel 1993).
Morphological differences among isolates are ngnificant and cannot be used for
speciation, therefore other methods for instanegdtgping and molecular phylogenetic
analysis have been used to differenti@tastocystisfrom different hosts (Tan 2004). In
the past, description of new species was based ast bf origin and parasite
ultrastructure (Belova 1992). Others used pulseldtgel electrophoresis for karyotyping
and speciate®lastocystisisolated from rats (Cheet al. 1997b), reptiles (Teoet al.
1991), tortoise and rhino iguana (Singh al. 1996). However, diverse intra-species
karyotypes were observed and it was realized thayokyping might not be a good
method for the speciation @&lastocystigYoshikawaet al. 2004b). Consequently, there
are arguments against assigning different spe@sses, other thaB. hominis,based on

presumed host specificity and morphology (Tan 2004)

Recently, analysis of ssrTRNA sequencing oBl#&stocystigsolates from humans
and other animals showed that isolates can beatiithylogenetically into seven distinct
groups that are morphologically similar but geratyc different (Arisueet al. 2003).
Concurrently, other studies reported the preseftieese distinct genotypes in a variety
of other animal hosts (Abe et al. 2003a; Abe et28D3b; Yoshikawa et al. 2004a, b;
Noel et al. 2005). Altogether, these studies stiorsyiggested thaBlastocystisis a

zoonotic parasite. More recently, it was shownrireatensive ssrRNA sequence analysis



that most of the 78 isolates &lastocystiscan be clearly grouped into seven clades
referred to as groups | to VII (Noél et al. 2008ore importantly,Blastocystissolates
from both humans and animals were present in stk@feven groups. It was suggested
that group | (subtype 1) comprised of zoonoticased of mammalian origin, group Il
(subtype 2) comprised of isolates of primates arigroup Il (subtype 3) comprised of
isolates of human origin, group IV (subtype 4) esanted zoonotic isolates of rodent
origin, group V (subtype 5) comprised of isolatesnf pigs and cattle and group VI
(subtype 6) and VII (subtype 7) possibly comprisé@oonotic isolates of avian origins
(Yoshikawa et al. 2004b, Noel et al. 2005, Yan et2807). Overall, these studies
suggested thd&lastocystigs a zoonotic parasite and animal-to-animal, akhimdauman,

and human-to-animal transmission can occur.

Random amplified polymorphic DNA (RAPD) analysisl® Blastocystidgsolates,
comprising eight isolates from symptomatic and eagymptomatic patients, suggested a
possible link between genotype with pathogenicitgn et al. 2006). However, other
studies failed to show any correlation between gg®and pathogenesis Bfastocystis
(Bohm-Gloning et al. 1997, Yoshikawa et al. 2004b)a more recent study, correlation
between the genotype and symptoms was evaluatedy BCR subtyping and a
significant correlation between subtype 2 and thargptomatic group was found among

both pediatric and adult patients (Dogruman-Alle2@08).



1.4 THE CELL BIOLOGY OF BLASTOCYSTIS

Blastocystisis a highly polymorphic and pleomorphic protozaamd there are
four major forms (vacuolar, granular, amoeboid ayst) of the parasite reported from
vitro culture and fecal samples (Stenzel and Borehan®,1B&n et al. 2002). There is
little information on the transition of one form &mother and available information is
limited to the description of individual forms bdsmostly on microscopic studies. The
extensive heterogeneity of various formsBidistocystishas led to the misinterpretation
of findings from different studieBlastocystiscontains typical organelles of eukaryotes
and the most apparent structures in transmissiectreh microscopy are nuclei, Golgi
apparatus and mitochondria-like organelles. Itheen shown thdlastocystiwuclei are
spherical to ovoid and a crescent-shaped chromass is often observable at one end of
the organelle (Tan et al. 2001). ABlastocystisis an anaerobe, the presence of
mitochondria-like organelles needs to be elucidated it was suggested that these may
instead be hydrogenosomes (Boreham and Stenze] T882t al. 2002, Stechmann et al.
2008) as a number of typical mitochondrial enzym&se not found inBlastocystis
Hydrogenosomes are anaerobic organelles relatechittochondria first described in
trichomonads (Lindmark and Mdller 1973). In a rdcstudy Stechmann et al. (2008)
reported thaBlastocystisorganelles have metabolic characteristics of laoierobic and
aerobic mitochondria and of hydrogenosomes. Theggested thatBlastocystis
mitochondria-like organelles are convergently samito organelles in the unrelated

ciliate Nyctotherus ovalis



Vacuolar form

The vacuolar form is also known as the vacuolateceatral body form and it is
the most predominant form in axenizeditro cultures, liquid cultures and stool samples
(Fig. 1.1A. This form varies significantly in size, rangifigm 2-200um in diameter
with average diameters of cells usually being betwé-15um (Zierdt 1991). Vacuolar
forms are spherical and contain a characteristgelaacuole surrounded by a thin rim of
peripheral cytoplasm. Cellular organelles like eusl, mitochondria-like organelles,
Golgi are located within the cytoplasmic rim. Mpl& nuclei can be seen Biastocystis
and an average of four nuclei is common (Zierdt3)97The plasma membrane of

Blastocystidhas pits that appear to have a role in endocy(8sesnzekt al. 1989).

The exact function of the central vacuole in Bl@stocystigs currently unclear. It
may act as storage organelle to participate inzegjuiny-like reproduction (Suresh et al.
1994; Singh et al. 1995) or for the deposition pbg@otic bodies during parasite
programmed cell death (Tan and Nasirudeen 2008)asdtalso suggested that the central
vacuole may act as a repository for carbohydrates lgids required for cell growth

(Yoshikawa and Hayakawa 1996).

A surface coat or fibrillar layer of varying thiok&ss often surrounds the organism.
This surface coat is thick in freshly isolated gées from feces but it gradually becomes
thinner with prolonged laboratory culture (Cassatyal. 1994). The exact role of the

surface coat is not understood but it has beenestigd to play a role in trapping and



degrading bacteria for nutrition (Zaman et al. 198@man et al. 1999) and protecting

against osmotic shock (Cassidy et al. 1994).

Granular form

The granular form oBlastocystisis morphologically identical to the vacuolar
form except that granules are present in the cgiwplor more commonly within the
central vacuoleHig 1.1B. The size of this form ranges from 3-@@n in diameter.
Granules in the central vacuole may differ consiibr in appearance and described as
myelin-like inclusions, small vesicles, crystalligeanules and lipid droplets (Dunn et al.
1989). Bacterial remnants in lysosome-like comparits in the central vacuoles were
also observed (unpublished observation). The gaanfokm is commonly observed in

non-axenized or older cultures (Tan 2004).

Amoeboid form

The amoeboid formHig. 1.1Q is rarely observed and there are conflicting regpo
about its description (McClure et al. 1980; Dunnakt1989). These forms have been
observed in antibiotic treated cultures, old cdtuor in fecal samples (Zierdt 1973).
Amoeboid forms are smaller and its size ranges f2o8n7.8um in diameter. Dunet al.
(1989) reported ameboid forms with extended pseodiapbut a central vacuole, Golgi
and mitochondria were not seen. On the contraryy &a al. (2001) showed by
transmission electron microscopy that this formsgss a central vacuole, numerous
Golgi bodies and mitochondria within the cytoplasmextension of pseudopods

suggesting that this is a highly active form. Imirast to amoebae, these pseudopodia do



not seem to be involved in locomotion. It was swge that this form may be phagocytic
in nature as ingested bacteria were found withen ghrasite in transmission electron

microscopy analysis (Boreham and Stenzel 1993).

Cyst form

An environmentally resistant cyst forrig. 1.1D is the most recently reported
form of BlastocystigMehlhorn 1988; Stenzel and Boreham 1991; Zam&8).8nd it is
considered significant for the fecal-oral transnoissof infection (Yoshikawaet al.
2004c). This form is in general much smaller asdsize ranges from 246m in diameter.
It is protected by a multi-layered cyst wall which sometimes covered with a loose
surface coat (Moet al. 1996). Unlike vacuolar and granular fornimgs form has been
shown to survive in water for up to 19 days at rartemperatures (Moe et al. 1996).
Another study has shown thBlastocystiscysts could survive up to 1 month af@5nd
2 months at %C (Yoshikawaet al. 2004c). Experimental infection studies ircen{Moe
et al. 1997), rats (Yoshikawet al. 2004c) and birds (Tanizaki et al. 2005) hslvewn

that the cyst form is indeed the transmissible fofiBlastocystis
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Fig. 1.1 Four morphological forms from axenic cultues of Blastocystis under phase-
contrast microscopy.
(A) Vacuolar ¥) and multivacuolar NIV) forms. Cells are showing extensive
variations in their size. Bar = 10n.
(B) Granular forms@). One of the cells appears to be dividiBg). Bar = 10um.
(C) Amoeboid forms (arrow). Bar = 0m.
(D) Cyst form. Refractile cyst (arrow) with loose filtair layers (arrowhead). Bar =
5pum.
Adapted from Chen (1999).
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Fig 1.2 Scanning electron micrographs oBlastocystis rat isolate. (A) Sphere shaped
Blastocystigarrow) can be seen in folds of large intestingvistar rat. Bar = 1gqm. (B)
An enlarged view showing a well rounded healBigistocystiscell (arrow) and another
that appears to be a dyiBéastocystisell (arrowhead). Bar = dm. (Chen 1999).
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1.5 LIFE CYCLE

Many life cycles have been proposed BlastocystigAlexeieff 1911; Boreham
and Stenzel 1993; Singh et al. 1995; Stenzel andlon 1996; Tan 2004); owing to a
lack of controlled experimental studies and themierphic nature of the organism. The
first life cycle was proposed by Alexeieff (1911ndait described the involvement of
binary fission and autogamy. Some of the reportggest modes of division like
plasmotomy and schizogony (Zierdt 1973; Singh €1995). Most of these observations
were based on microscopic analysis. Althougflastocystishad been isolated from
laboratory animalsHig 1.2, the lack of a suitable animal model was congiddo be a
major reason for the disagreement on its life cydlan 2004). Recent studies have
shown successful experimental infectionBdstocystisn chickens (lguchi et al. 2007)
and rats (Yoshikawa et al. 2004c; Iguchi et al. 208ussein et al. 2008). Rats appear to
be good animal models f@lastocystisnfection but reproducibility of animal infection

needs to be ascertained.

A life cycle proposed by Tan (2004) states th&tation is initiated when cysts of
Blastocystisare orally ingested by humans or anim&lsy (1.3. Ingested cysts develop
into vacuolar forms in the large intestine andrlaggproduce by binary fission. Some of
the vacuolar forms encyst and are passed throwgfetes and the cycle is repeated. The
role of the amoeboid and granular form in the difele ofBlastocystigs not understood
and remains to be elucidated. More recently, TahD§2 revised the life cycle and

included findings from molecular typing suggestititat Blastocystisisolated from

13



humans actually comprise human and zoonotic geretgp varying host specificities. A
modified life cycle ofBlastocystigmust take into consideration the large reservbihis

parasite in a range of animal populations with hosras potential hostEify. 1.4.
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Fig. 1.3 Life cycle ofBlastocystis as proposed by Tan (2004)Infection is initiated
when cysts ofBlastocystisare orally ingested by humans or animals. Ingestesds
develop into vacuolar forms in the large intestamel later reproduce by binary fission.
Some of the vacuolar forms encyst and passed thrtheyfeces and cycle is repeated by
fecal-oral route. The development of other formslass well understood and is

represented with dashed lines.
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Fig. 1.4 Revised life cycle oBlastocystis as proposed by Tan (2008)This life cycle
also suggests existence of zoonotic genotypeBladtocystis(Subtypes 1-4, 6 and 7)
with different host specificities. Fecal cystsBiastocystignfect human and animal hosts
and develop into vacuolar forms in the large imtestCross-infection can occur among
mammalian and avian isolates of subtype 1. Sub8p8 and 4 comprises primate,
human and rodent isolates, respectively. Subtypmriprises isolates from pigs and
cattle whereas subtype 6 and 7 comprise aviantésolahis proposal suggests that
certain animals act as reservoirsBdistocystifor human infections; and humans can be
potentially infected by six or more specieBtdistocystis(Adapted from Tan 2008).
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1.6 ZOONOSES

Over the last decadBJastocystids increasingly recognized as a cause of human
gastrointestinal disease. Research interesBlastocystisis on the rise and a Pubmed
search indicates that in the last 5 years theemigicrease in the number of articles on
Blastocystis(from approximately 130 during 1998-2002 to apmrately 220 during

2003-2007) (PubMed).

Recently, there have been reports that reveal nuaexplored aspects of this
pathogen’s pathogenesBlastocystiags now considered to have zoonotic potential and i
is believed that animals like pigs and chicken ttute large reservoirs of this protozoan
for human infection via the fecal-oral route (Td02). Many reports have shown strong
phylogenetic evidences that design&iastocystisas a zoonosis (Abe et al. 2003c;
Yoshikawa et al. 2004a; Noel et al. 2005). In ateesive phylogenetic study, it was
shown thaBlastocystiscould be classified in seven different clades withmain groups
comprising of isolates from both humans and anir(idéel et al 2005). It was suggested
that animals represent a large potential reserfair human infections. Numerous
Blastocystisisolates from humans are believed to be potentmdbonotic because they
have similar or fairly similar genotypes to isoRfeund in a variety of other animal and
bird species. It has been reported that a numbgenbtypes from human isolates can

infect chickens and rats (Iguchi et al. 2007; Hirssgal. 2008).
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Blastocystis possesses a number of features that increase hapeces of
waterborne transmission and environmental contaioimand thus demands zoonosis
control. These include an extensive range of hastd low host specificity, a
transmissible cyst form that is resistant to adversvironmental conditions and a lack of

knowledge of specific disinfection and treatmerditegies.

Blastocystisis also very common among many animal speciesa$t suggested
that humans are host for numerdlastocystiggenotypes isolated from animals (Noel et
al. 2005). It has been reported in mammals, biregtiles, amphibians, annelids, and
arthropods. In particular, some animals showindy lpgevalence include laboratory rats
(60%; Chen et al. 1997a), pigs (70-95%; Abe e2@0D2), and birds (50-100%; Abe et al.
2002; Lee and Stenzel 1999). In Brisbane, Austréliastocystishas been detected in
fecal samples from domestic dogs and cats (Du@h 4998). The prevalence was very

high; with 70.8% dogs and 67.3% cats infected Bitkstocystis

In an extensive study, the prevalenceBtdstocystissp. was examined in fecal
samples collected from cattle, pigs, and variousaamals in Japan (Abe et al. 2002). A
high prevalence dBlastocystisnfection was reported in farm animals (95% in pigk%
in cattle), and in zoo animals (85% in primates/8@ pheasants; 56% in ducks). In this
study, Blastocystigsolates from various animals were morphologicallyistinguishable

from Blastocystigsolated from humans.
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PCR-based characterization Bllastocystisisolates was reported from dogs and
humans living in a localized endemic community imailand (Parkar et al. 2007). This
phylogenetic study provided molecular-based evidelcsupport zoonotic transmission
of Blastocystisinfections from dogs, possums and primates in @nconity. It was
reported that people working closely with animalerevat significantly higher risk of
Blastocystisnfections suggesting that infection can be a@guirom animals and work
place safety is important for prevention of infeati(Rajah Salinet al. 1999). It was
found in this study that 41% of animal handlerseveositive forBlastocystisn contrast

to 17% of individuals who did not work with animals

Human populations exposed to poor hygiene pragticestaminated food and
water appeared to be at risk &lastocystisinfections (Tan 2008). Outbreaks of
waterborneBlastocystisinfections have been documented recently in sotodies
(Karanis et al. 2007)Blastocystiscysts have been detected in Scottish and Malaysian
sewage treatment facilities; and viable cysts, tbumthe effluent, provided evidence that
Blastocystisinfections have potential for waterborne transmoisgiSuresh et al. 2005).
Evidence is growing that contaminated water andd fpay an important role in the
transmission oBlastocystigo humans. In a study (Cruz Licetal. 2003) Blastocystis
was detected from 41.7% of food vendors and rightysis showed that it was associated
with poor personal hygiene habits. This report &sted that customers were at risk of

acquiringBlastocystignfection from food vendors.
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1.7 SYMPTOMS AND SIGNS

Many epidemiological studies suggest tlBastocystisinfection is associated
with intestinal disorders (Barahona Rondon et @03 Miller et al. 2003; Leelayoova et
al. 2004; El-Shazly et al. 2005). On the contrarjwumber of reports suggested that this
parasite does not cause any disease (Rosenbladt B#hay and MacPherson 1990;

Udkow and Markell 1993).

The clinical symptoms and signs associated vBthastocystisinfections are
mainly diarrhea, abdominal pain, cramps, nauseaedisas non-specific gastrointestinal
signs that includes bloating, vomiting, anorexi@ight loss and flatulence (Qadri et al.
1989; Doyle et al. 1990; Nimri and Batchoun 1994en3el and Boreham 1996).
Although most cases dBlastocystisare mild and chronic, profuse watery diarrhoea
(Logar et al. 1994) and fever (Gallagher and Vemtta 1985) has also been reported in
acute cases. There are reports that suggest theiagm of Blastocystiswith irritable
bowel syndrome (Giacometti et al. 1999; Yakoob kt2804), a functional bowel

disorder characterized by abdominal pain and cleimgeowel habits.

Interestingly, some studies have also reported symg like itching (Garavelli
and Scaglione 1990) and joint pain (Lee et al. J9®%umerous case reports have
suggested association @&lastocystiswith cutaneous disorders like chronic urticaria
(Armentia et al. 1993; Biedermann et al. 2002),ie@gdema (Micheloud et al. 2007) and

palmoplantar pruritis (Kick et al. 2002). Recerntlya case study dlastocystignfection,
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it was reported that acute urticaria was associatfid amoeboid forms oBlastocystis

subtype 3 (Katsarou-Katsaati al. 2008).

Numerous reports suggested that HIV and immunocomiged patients are
more likely to acquireBlastocystisassociated intestinal disease and suggestedhisat t
parasite is opportunistic (Brites et al. 1997; @lale 1997; Florez et al. 2003; Rao et al.
2003; Hailemariam et al. 2004). Diarrhoea and oti@strointestinal symptoms were
reported in thes@lastocystisinfected immunocompromised patienBlastocystiswas
observed to be the most common parasite isolatedn fipatients undergoing
chemotherapy for hematological malignancies amehi suggested to be associated with

diarrhoea, abdominal pain and flatulence (Taszival. 2000).

Many cases ofBlastocystisinfections appear to be asymptomatic and it is
common to detect large numberRiastocystign stool samples from patients who do not
show any sign of disease. It appears that absende@al symptoms might be due to
infections with nonpathogenic genotype®Btdistocystishowever, whether this disease is
genotype linked or not is still an unresolved isslre a study involving PCR-RFLP
ribotyping of Blastocystisisolates, it was observed that subtypes 1, 2 andere
associated with symptoms whereas subtype 3 wasciassb with asymptomatic
infections (Kaneda et al. 2001). In an another ggnong study, subtype 1 was found in
patients with gastrointestinal symptoms, subtyp&vas found in asymptomatic and
subtypes 3 and 6 were found in both groups of petiéHusseiret al. 2008). On the

contrary, some studies have indicated that then® iadssociation between symptoms and
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Blastocystigyenotypes (B6hm-Gloning et al. 1997; Yoshikawale2004b). In summary,

studies suggest that subtype 1 might be assocwateddisease and subtype 3 may be
non-pathogenic; however there is a need for mardiet with larger sample sizes to
resolve this issue. In addition, it is evident tB&stocystignfections can cause a variety

of symptoms, not necessarily confined to the imestract.
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1.8 CLINICAL FEATURES

The clinical significance oBlastocystisgs presently ambiguous. There are many
reports that either implicate or exonerate thisaorgm as a cause of gastrointestinal
disease. This parasite can be found in the inadfiact of both healthy individuals and

patients exhibiting gastrointestinal symptoms (3¢tand Boreham 1996).

Many case reports have suggested the associatiBlastbcystisvith a variety of
clinical features including terminal ileitis (Tsaegjal. 1989), colitis (Russo et al. 1988),
ulcerative colitis (Jeddy and Farrington 1991), amf@ctive arthritis (Lakhanpal et al.
1991). Interestingly, various reports associBtastocystisinfections with cutaneous
lesions patrticularly urticaria (Giacometti et &@003; Cassano et al. 2005; Gupta and Parsi

2006) suggesting host allergic response to someawnk parasitic factors.

Fecal leukocytes (Cohen 1985; Diaczok and Rival7)24d rectal bleeding has
been reported iBlastocystignfections (Al-Tawilet al. 1994). Enlargement of liver and
spleen was also reported in a study (Garavelli &caglione 1990). Blood analysis of a
number of patients showed eosinophilia (Garaveltl &caglione 1990; Lambeet al.
1992). There are reports that associdabtocystiswith intestinal disorders in HIV or
immunocompromised patients (Ok et al. 1997; Cirgtral. 1999; Florez et al. 2003; Rao
et al. 2003; Hailemariam et al. 2004) suggestirag Blastocystisis an opportunistic

organism.
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Inflammation and edema of intestinal mucosa has weported inBlastocystis
infections (Russo et al. 1988; Garavelli et al. I;9%uckerman et al. 1994). In
Blastocystignfected patients, endoscopy results showed higaie twas no invasion of the
colonic mucosa (Kain et al. 1987; Dawes et al. 1%{kerman et al. 1990). On the
other hand, Al-Tawil et al. (1994) reported the gerece of colonic ulceration and
infiltration of superficial lamina propria blastocystis Intestinal permeability was
reported to be significantly increased Biastocystispatients and it was suggested that

Blastocystisnfections may damage the intestinal wall (Dagjcal. 2002).
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1.9 PATHOGENESIS

Very fewin vivo andin vitro studies have addressed the pathogenicity aspects o
Blastocystis infections. Live Blastocystis cells and parasitic lysates isolated from
symptomatic and asymptomatic individuals causedifsignt cytopathic effects on
Chinese Hamster Ovary (CHO) cells (Walderich etl@08). Another study showed that
BlastocystisreducedEscherichia colior LPS-induced secretion of IL-8 and it was
proposed thaBlastocystisis capable of modulating host immune responsesiial
stages of infection (Longt al. 2001). This suggested tHBlastocystismay down-

regulate host immune responses in order to impsavéval in the gut.

Other isolated clinical reports described integtimlammation and edema in
patients infected witlBlastocystisKain et al. 1987; Russo et al. 1988; Garavellalet
1992). One study reported significantly increasatdestinal permeability after
Blastocystis infections (Dagciet al 2002). A number of studies have described
experimental infections involving rats, mice, guanpigs and chickens (Phillips and
Zierdt 1976; Pakandl 1992; M@ al 1997; Abou El Naga and Negm 2001; Yoshikawa
et al. 2004c; Tanizaket al. 2005; Iguchi et al. 2007; Hussahal. 2008). However,
reproducibility of these animal models needs taseertained. In experimentally infected
mice, histological examination of the cecum an@nakvealed intense inflammatory cell
infiltration, edematous lamina propria, and mucasalighing (Moeet al. 1997). Lesions
on the ileocecal mucosa were reported in mice axeertally infected withBlastocystis

(Zhanget al. 2006). Experimentally, it has been shown Blastocystisnfection can be
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established with oral inoculation of cysts in m{84oe et al. 1997) and rats (Yoshikawa
et al. 2004c). Wistar rats were successfully irddatvith oral inoculation oBlastocystis
cysts recovered from feces of another infectecanat it was demonstrated that an oral
dose of as low as ten cysts was sufficient to &stainfection. These studies indicated
that the fecal cyst form was responsible for fewal transmission of the parasite.
Clinical reports and experimental studies indi¢htd Blastocystigs not invasive but it is
capable of causing gastrointestinal pathogenegsernentally, it was shown that germ
free guinea pigs can be infected by oral or inttaténoculations and heavy infections
caused diarrhoea and cecal hyperemia (PhillipsZaadit 1976). RecentlyBlastocystis
isolates from symptomatic and asymptomatic humagse vexperimentally tested for
their infectivity in rats (Husseiet al. 2008). It was reported thBtastocystisisolates
from symptomatic patients induced moderate to sepeathological changes in infected
rats but isolates from asymptomatic individuals seml mild pathological changes.
Authors suggested that subtype 1 was pathogenite whbtypes 3 and 4 consisted of

both pathogenic and non-pathogenic variants.

Interestingly, accumulating reports suggest am@sason betweerBlastocystis
infections and cutaneous lesions. The mechanispossibly that of typical cutaneous
allergic hypersensitivity where parasitic antiggmduce the activation of specific clones
of Th2 lymphocytes (Pasquet al. 2004). Eventually, cytokines release and the
consequent IgE production may lead to an allergiaction. Moreover, it was also
suggested that soniastocystisvirulence factors may activate the complement\path

with the production of anaphylotoxins (Valsec@tial. 2004). These anaphylotoxins,
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upon interaction with basophils and mast cells acadhistamine production which may

result in cutaneous disorders.

A number of earlier reports suggested tB&tstocystisdisease is dependent on
parasite load however recent studies suggest tlatat outcome ofBlastocystis
infection is multifactorial and depends on paragjemotype, parasitic load, and host
immune status (Tan 2008). In a number of caBkstocystisnfections appear to be self-

limiting and spontaneous elimination of infecticasheen reported (Sun et al. 1989).
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1.10 DIAGNOQOSIS

Because of its uncertain pathogenesis, reasonébieat significance is seldom
given to Blastocystisinfections. Generally, diagnosis and other impurtaspects of
Blastocystisinfections are not included in the curriculum oédital studies and thus
diagnosis oBlastocystigemains a challenging task for a diagnostic latooya Although
an experienced laboratory technician can perforagriisis in direct fecal smears, most
diagnostic laboratories do not have expertise entitication of this parasite and there is
a need for training to enable identification of faltms of Blastocystisin fecal samples.
Identification of Blastocystisin direct fecal smears is relatively difficult #se parasite

can be confused with yeasyjclospora or fat globules.

In the past, laboratory diagnosisBiBstocystisvas based on the identification of
vacuolar and granular forms in direct fecal speasnéatz and Taylor 2001). Direct
microscopy of fecal specimens is performed by weums with Lugol's iodine or
permanent fixed smears with Giemsa, acid-fasthrtoime and Field’s staining. Rather
than the characteristic vacuolar form, the cysinfonay predominate fecal samples. Cyst
forms might be difficult to identify by direct mioscopy because of their small size (3-5
um) but these can be effectively concentrated byithegradient methods (Zaman 1996).
Diagnostic labs should therefore include the fecgbt form as an indicator of

Blastocystisnfection.
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Many researchers suggest that when all other knoacterial, viral or parasitic
causes of symptoms are absent Btabtocystigs present in large numbers it should be
treated as a pathogen. More than five organisms pgh power field (x400
magnification) should be considered as a heav\cimie. For confirmative diagnosis in
stool sampledn vitro culture in Jones’ medium is a method of choica¢Slu and Smith
2004). It was reported that vitro culture of fecal samples was six times and twicgen
sensitive than direct fecal smears and trichromainisty methods respectively
(Termmathurapogt al. 2004). However, it was also reported in #tigly that thén vitro
culture method failed to detect some parasitesesigyy that not alBlastocystigsolates
can be readily cultured in laboratofglastocystiscan be cultured in various mediums
including Jone’s medium, Boeck and Drbohlav’s isspted medium or diphasic agar
slant medium with Jone’s as a medium of choicepfirent samples. Diphasic agar slant
medium was reported to be good for the culturéBlafstocystisfrom pigs, cattle and
chickens (Abe et al. 2003b; Abe 2004). In axenizeltures, cell densities of up to 2.5
x10’ can be achieved (Het al 1993) and doubling time may vary from 6 to 23 h,
depending on type of medium and isolate (BorehathSianzel 1993). Colony growth of
Blastocystishas been shown on solid medium and cultures wal#evfor up to 2 weeks

(Tanet al. 2000).

Molecular approaches, particularly PCR-based disignoave been described for
BlastocystigStensvold et al. 2007a). PCR amplification usaogtype specific primers is
suggested to be useful for identifying and genatygfilastocystiSrom patient samples.

Knowledge of the genotype can be extremely valudhtertain Blastocystisgenotypes
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are found to be more virulent than others. A recuatly has demonstrated that PCR-
based detection oBlastocystisfrom fecal specimens is more sensitive thianvitro
propagation (Parkar et al. 2007). Recently, a sgasand specific real-time light cycler
PCR assay was developed to detect a 152 bp seguesiceincharacterized region of the
Blastocystisgenome and 11 strains Bfastocystisfrom subtypes 1, 3, and 4 were with
this method (Jones et al. 2008). Using this meti@idstocystiswas detected in stool
samples that were fourglastocystinegative during microscopy and conventional PCR.
In addition, this method showed no cross-reactiwitth other common gastrointestinal

pathogens.

Other methods like enzyme-linked immunosorbent yasggLISA) and
immunofluorescence detection have not been compsaledy investigated for
Blastocystis Although development of monoclonal antibodiesiastaBlastocystishas
been reported (Tan et al. 1996), antigenic divedtBlastocystisseems to be a limiting
factor in the use of immunological methoB$astocystisnfections have been reported to
induce 1gG and IgA responses in patients and dedelay indirect fluorescent antibody
test (IFA) and ELISA (Zierdt and Nagy 1993; Ziegdtal. 1995; Hussain et al. 1997,
Kaneda et al. 2000; Mahmoud and Saleh 2003). Elil&#s ranged from 1:50-1:1,600
(Zierdt et al 1995) and it was observed that high titers wese@ated with symptomatic
infections ofBlastocystiqZierdt and Nagy 1993; Zierdt et al. 1995; Hussatial. 1997,
Mahmoud and Saleh 2003). In a recent study usin@&lLsecretory IgA, serum IgA and
serum IgG levels were detectedBlastocystianfected patients with and without clinical

symptoms (Mahmoud and Saleh 2003). It was fountigbaim from only symptomatic
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patients had significantly higher antibody levé&ds the other hand, Kanee&aal.(2000)

reported asymptomatic patients with serum antit®dieBlastocystisand high levels
were observed in chronic cases. Overall, it maydesirable to develop specific
monoclonal antibodies against different genotyped avaluate different serological

assays for the diagnosis Blastocystignfections.

Diagnosis of blastocystosis has been reported thdhelp of invasive diagnostic
techniques like endoscopy but it has not been at@duBlastocystiscolonization in the
lower ileum and cecum of a patient was detectetthienmicroscopic examinations of the
lumen fluids aspirated during endoscopy (Matsunsbtd. 1987). AsBlastocystisan be
detected in feces and no characteristic intestesmbns are associated with infection,

invasive diagnostic techniques are not recommefmledutine examinations.

In brief, a number of methods have been describmd tlie diagnosis of
Blastocystis Direct microscopy of stained fecal smears is wlsehd it should be
supplemented with numbers of parasites observetiigbrpower field to help clinicians
ascertain parasitic load. For confirmatory diagsosiicroscopic examination should be

supplemented bin vitro culture and/or PCR-based methods.
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1.11 TREATMENT AND PROGNOSIS

Due to ambiguity surrounding the pathogenesisBlafstocystisand the non-specific
nature of symptoms, the need to trB&stocystisnfections has been disputed. In most
cases, treatment with antiprotozoal drugs, in paldr metronidazole, is warranted if no
other cause of symptoms is observable (Nigro et2803; Cassano et al. 2005;
Moghaddam et al. 2005). Metronidazole is a nitrdiaziole drug used primarily for
infections caused by obligate anaerobes. After kgptay anaerobic organisms, it is
reduced by the pyruvate:ferredoxin oxidoreductgseesn in the mitochondria. Reduced
intermediate products interact with intracellulargiets and disrupt DNA helical structure
and inhibit nucleic acid synthesis. Whether the enad action of metronidazole on
Blastocystisis similar to that described for other protozoaaragites is currently
unknown. It has been shown that metronidazole ieslucrogrammed cell death in
Blastocystiswith a number of features similar to apoptosis higher eukaryotes
(Nasirudeeret al. 2004). InBlastocystignfections, various dosage of metronidazole has
been recommended in different studies (Waili 198adri et al. 1989; Garavelli and
Libanore 1990; Nassir et al. 2004; Guirges andMdghaddam et al. 2005). In summary,
treatment regime ranges from 250-750 mg three targsy for 5 to 10 days, 200 mg four
times per day for 7 days or 2 gm/day for 5 dayser&hhave been reports where
metronidazole has been used successfully in cormbmavith other drugs particularly
paromomycin (Pasqui et al. 2004) and co-trimoxazdladiran et al. 2006). Some
studies also reported that metronidazole was rfataefous in eliminatingBlastocystis

infection from patients (Cohen 1985; Schwartz amdigion 1992)In vitro studies have
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reported that differenBlastocystisisolates show variable sensitivities to metronad@z
(Haresh et al. 1999). In particular, cystBtdistocystihhave been shown to be resistant to
high concentrations (up to 5 mg/ml) of metronidaz@aman and Zaki 1996). Overall,
treatment failures may occur due to extensive geheterogeneity and differences in the

susceptibility of different forms d8lastocystigo drugs.

In addition to metronidazole, many other drugs hdeen used to treat
Blastocystisinfections with high or reasonable efficacy. Amahgse are furazolidone,
guinacrine, ornidazole, tinidazole, ketoconazotel wimethoprim-sulfamethoxazole (co-
trimoxazole) (Reviewed in Stenzel and Boreham 198&cently, a number of studies
reported that the broad spectrum antiparasitic dritazoxanide is effective for use in

Blastocystignfections (Cimerman et al. 2003; Rossignol e2@D5).

There is a lack of controlled studies involvinggernumbers of patients and
extensive studies are needed to verify the efficakcyifferent drugs orBlastocystis
infections. Thus far, metronidazole seems to be diuchoice for blastocystosis, even
though there are some evidences of treatment éailarsuch cases, other drugs should be
employed empirically. Chemotherapy should be engdoyhen symptoms are persistent
and no other pathogen thddlastocystisis detected. In mild cases @&lastocystis
infections, intervention may not be required a®atibn is usually self-limiting (Babb

and Wagener 1989; Doyle et al. 1990; Markell 1995).
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1.12 EPIDEMIOLOGY, PEVENTION AND CONTROL

Blastocystids reported to be one of the most common protozdaund in fecal samples
of both symptomatic patients and asymptomatic iildizis (Cirioni et al. 1999; Taamasri
et al. 2000; Windsor et al. 2002). Recently, thera significant increase in prevalence
reports which has helped us to better understamdiigtribution of genotypes, mode of
transmission and pathogenicity aspe@&kastocystishas a worldwide distribution and
findings of many surveys reported it to be mostdiently isolated protozoan parasite
(Pegelow et al. 1997; Taamasri et al. 2000; Flaeal. 2003; Baldo et al. 2004).
Prevalence oBlastocystisnfection is higher in developing countries thandieveloped
countries (Stenzel and Boreham 1996; Tan et al2R88d occurrence as high as 60%
were reported from some developing countries (Pegedt al. 1997). Occurrence of
Blastocystisvaries from country to country. A low prevalendeddb% has been reported
among asymptomatic healthy individuals in Japanriiicet al. 1997). A moderate
prevalence of 14-21% and 23% was reported in Tihailgaicharoen et al. 2005) and
United States (Amin 2002) respectively. A high @lewnce of 40.7% and 60% was
reported in Philippines (Baldo et al., 2004) andlomesia (Pegelowet al. 1997)
respectively. High incidences (36.9-44%) Blastocystiswere also observed in Thai
military personnel (Taamasri et al. 2002; Leelayoost al. 2004). Prevalence of
Blastocystigmay vary widely within various geographical regaf the same country. In
Thailand, a prevalence of 0.8% and 45.2% was regdrom Nan province (Waikagul et
al. 2002) and Pathum Thani province (Saksirisampeatntal. 2003) respectively.

Variations in the same geographical region may esgmt true differences between
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communities or living conditions. Nevertheless stheeported variations might be due to
lack of a standardized diagnostic methodology aifficalty in identifying parasitic

forms other than the common vacuolar form. Receéntliss have used PCR-based
approaches to further elucidate genotype informatichich has shed light on the
distribution of Blastocystisgenotypes in humans and animals. Studies haved ftuat

Blastocystissubtype 3 was the most common subtype among ésofadm countries

including Turkey (Ozyurt et al. 2008), Greece (Menaos et al. 2008), Singapore (Wong
et al. 2008), Japan, Pakistan, Bangladesh, and &wrifiYoshikawa et al. 2004b). In
summary, studies suggest that there is no assmtistween specific genotype and
geographic origin; and due to its predominance ripanized countries, subtype 3 is

probably the subtype of human origin.

It has been observed that humans with compromisattthand poor hygiene are
more susceptible t@lastocystisinfections. Blastocystisinfections are also of special
clinical interest to developed countries as mikioaf travelers going to developing
countries are at risk of acquiring infection (Séhand Fischer 2005)Blastocystis
infections are more common during hot weather amihg the pre-monsoonal months

(Stenzel and Boreham 1996).

Based on current knowledge, it is generally acckeptieat Blastocystis is
transmitted by the fecal-oral route. This assunmptgostrengthened by animal infection
studies (Yoshikawa et al. 2004c; Tanizaki et al03®0and reports showing high

prevalence oBlastocystian population living in poor hygiene (Nimri 1998yuz Licea
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et al. 2003). Therefore, control measures shoultsisb of good hygiene practices and

community sanitary facilities.

BecauseBlastocystisis generally regarded as a zoonotic parasite, asimand
their fecal material represent a risk for humaredtibn. Contamination of food, water,
and environment by animal fecal material shouldpbbevented. High prevalence of
Blastocystishas been shown in pets particularly dogs andaadsit was suggested that
these domestic animals could be an important safragfection to humans (Dudgt al.
1998). Routine antiparasitic treatment practicepietlr animals may be useful to eliminate
the parasite. Animal handlers must take additigmetautions for their personal hygiene
and may go for stool examination especially if elgeing any gastrointestinal
symptoms. In unhygienic and hid#astocystigprevalence areas, sterilization of water is
recommended. Currently, the best sterilization etls to boil water as chemical
methods of water sterilization have not been extehs studied for Blastocystis
Travelers to high prevalence areas should enswaetiiey consume clean water and
cooked food.Blastocystishas been found in sewage (Suresh et al. 2005)heard is
growing evidence for waterborne transmissions @p®bva et al. 2004; Hakim et al.
2007; Karanis et al. 2007) which makes it necesgagevelop preventive measures to

ensure water sanitation.
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1.13 OBJECTIVES OF THE PRESENT STUDY

The pathogenesis dBlastocystisis, to date, controversial and inconclusive.
Whether it is a pathogenic or a commensal intelspagasite; or it has potential to be a
pathogen in particular circumstances is currendlgadable. Several epidemiological and
clinical case reports have associatBlhstocystiswith a variety of gastrointestinal
symptoms but only a small number of controlled expental studies have been carried
out to investigate the pathogenesis of this organisven though, there is no suitable

animal model available, there is scarcityrofitro studies that have addressed this issue.

In vitro models are used extensively in biomedical reseamth they have
contributed tremendously to the understanding sfdogellular processes and interactions.
The study of host-pathogen interactions in intespnesents significant methodological
problems andn vitro model systems were developed in an attempt tamvent these
limitations. In vitro intestinal cell culture models simulate the hunpdnysiology of
intestinal tract and represent a highly reprodeciskperimental system. White (2001)
stated thatin vitro models mimicin vivo drug clearance profiles and represent a
significant tool for carrying out pharmacodynamigdies in a more cost-effective, timely,
and easily controlled manner. Intestimavitro cell culture methods were suggested to be
easy and elegant ways to study cell interactioefiular behavior, and cell signaling
pathways (Simon-Assmann et al. 2007). Many intastepithelial cell lines including
Caco-2, T84, HT-29 and HCT-8 have been extensiueBd in variousn vitro models

for studies involving host pathogen interactionspfection, immunology,
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pharmacodynamics of drugs and cell biology. Celedi (transformed cells) have the
advantage ovein vivo models as they allow the study of cell types wlagon which
helps in understanding the responses of a parntiadh type. Cell lines are easy to
maintain and can be passaged many times withositriatheir characteristics. As a result
of their differentiation characteristics, many dfese cell lines have been exploited
extensively as substitutes for normal intestindlscé&ven though all variables seen
vivo can not be incorporated im vitro experiments, they do provide valuable
information (White 2001). The key benefit involving vitro models is that single

variable experiments can be performed under higbihtrolled conditions.

The authors of the most extensive reviewBastocystis(Stenzel and Boreham
1996) stated in their conclusion “Our current knedge ofBlastocystishominis and the
putative disease it causes is insufficient to daeiree the significance of the parasite in
humans”. Because of the limited information Blastocystisvirulence factors, it was
investigated in the current work Blastocystispossesses any protease activity as
proteases are considered to be virulence factorsany protozoan parasites. Many of
these proteases in particular cysteine type aedylito play crucial roles in host—parasite
interactions (Sajid and McKerrow 2002; Mottram et @004). Interactions of
Blastocystisproteases with human secretory immunoglobulin A emtestinal epithelial
cell lines were further investigatedBlastocystis infections are associated with
gastrointestinal symptoms but nothing is known a&bds pathophysiology. An
association between disruption of intestinal barfienction and diarrhea has been

described in other diseases (Madara 1988; Mad&®8)1#nd thus in present study; the
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effects of theBlastocystisexposure on intestinal epithelial monolayer petoigga and

transepithelial resistance were studied.

In this study, usingn vitro model systems, aim was to investigate variousaspe
of Blastocystispathogenicity with particular focus on interacgowith the intestinal
epithelium. For most experiments, parasitic lysatese used. To ensure that damaging
effects on intestinal epithelial cells a@astocystisspecific, liveBlastocystiscells were

also used in all experiments.

Specific objectives of this study were:-

1. To study the protease activity Bfastocystis

2. To investigate iBlastocystian degrade human secretory immunoglobulin A
(S-IgA).

3. To investigate iBlastocystian induce apoptosis in intestinal epithelialsell

4. To study the effects ddlastocystison intestinal epithelial tight junctions and
barrier function.

5. To investigate iBlastocystigs capable of inducing proinflammatory cytokine
interleukin-8 response from intestinal epithelialle and to study parasitic

factors and molecular events involved in this pimeeon.
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CHAPTER 2:

PROTEASE ACTIVITY OF BLASTOCYSTIS



2.1 INTRODUCTION

In recent years, there has been an increasedshiarthe proteases of pathogens.
Proteases or peptide hydrolases catalyze the geaMapeptide bonds in the proteins or
peptides. Proteases from many protozoan and o#tbogens have been described and
their importance in host-pathogen interactions e wnderstood in a number of diseases
(McKerrow et al. 1993; Sajid and McKerrow 2002). protozoan parasites, proteases
have been reported to have important roles in tgstinvasion and egress, encystation,
excystation, catabolism of host proteins, diffelsian, cell cycle progression,
cytoadherence, and both stimulation and evasidmosf immune responses (Reviewed in
Klemba and Goldberg 2002). Serine and cysteineepsats depend on the nucleophilic
character of the serine and cysteine side chaisgeotively, and directly attack the
peptide bond to form a transient covalent enzynistsate intermediate (Klemba and
Goldberg 2002). Aspartic proteases and metallopset® use a water molecule for
nucleophilic attack and do not form a covalent nmediate. Proteases, in particular
cysteine (thiol or sulfhydryl proteases), are knownrhave cytopathic effects and they
were reported to function as virulence factors @ngn protozoan parasites (Sajid and

McKerrow 2002).

High protease activity was reported Tnichomonas vaginalignd it was found
that this activity is mainly due to parasitic cysteproteases (Coombs and North 1983).
Protease activity of. vaginaliswas suggested to contribute to its adherence sbdedls

and protease inhibitors were shown to prevent itmisraction (Arroyo and Alderete
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1989). It was also reported that these proteasd@s waginalisare located in lysosomes
(Lockwood et al. 1988). Parasitic proteases difieheir pH dependence and sensitivities
to different protease inhibitors. Knowledge of pebdndence of proteases can aid us in

understanding their actual activityimvivo physiological and pathological conditions.

Numerous other protozoans were reported to haveeiogs proteases as their
major protease€ntamoeba histolyticathe cause of amoebiasis, has cysteine proteases
that can damage host tissue and helps in paras@sion and cytotoxicity was prevented
with the use of protease inhibitors (McGowan et18182; Gadasi and Kobiler 1983).
High protease activity, in particular of the cysteitype, was also reported @ lamblia
and Lindmark (1988) showed that the proteasesoaadized in lysosome-like subcellular
structures. In summary, numerous pathogenic pratozoarasites exhibit significant
protease activity and these proteases may havertamporoles in parasite survival,

multiplication and pathogenicity.

Blastocystidgs a protozoan parasite found in intestinal tafdhumans and many
other animals. Pathogenicity aspectBta#stocystisare thus far ambiguous and there are
many conflicting reports that either implicate otorerate the parasite as a cause of
gastro-intestinal disease. Numerous studies has@ siggested zoonotic potential of
BlastocystigYoshikawa et al. 2004a; Noel et al. 2005). Despansiderable progress in
understanding of the morphology and epidemiologlaitocystis virulence factors of

this parasite remain unidentified.
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In this chapter, the protease activity and speatifiof Blastocystis were
investigated. For the first time, the proteasevagtiof Blastocystis rattiwR1 and
BlastocystishominisB is reported and it was observed that this pergsissesses high
protease activity, in particular of the cysteinetpase type. It is also demonstrated that
central vacuole oBlastocystis an organelle of unknown function, contains cystei

proteases.
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2.2 MATERIALS AND METHODS

2.2.1 Parasite culture

For this study, two isolates oBlastocystis Blastocystis ratti WR1 and
Blastocystis hominiB were used. Parasites were cultured in pre-retfiuseove’s
Modified Dulbecco’s Medium (IMDM) supplemented witl®% inactivated horse serum
and incubated anaerobically at’87in an ANAEROJAR (Oxoid, UK) as described
previously (Ho et al. 1993). After washing and tida in PBS, counting of the parasites
was performed using a haemocytometer. Viability ®ofdays old parasites was
microscopically determined and healthy cultureshwi®5% viability were used for all

experiments.

2.2.2 Preparation of lysate

For the analysis of protease activity by azocasssay, parasites were washed
two times in PBS (pH 7.4) and lysates were prepare@ freeze-thaw cycles in liquid
nitrogen and 3°C water bath respectively. Lysates of 4%férasites were used for each
sample, except in studies with concentration dependctivity where different amounts

of parasites were used.
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2.2.3 Azocasein assay for the measurement of proteaseiaity of Blastocystis

Protease activity ofBlastocystiswas measured by the azocasein assay as
previously described (Scholze and Tannich 1994h waitfew minor modifications. To
activate proteases, parasitic lysates were preatedbwith 2mM dithriothreitol (DTT)
(Sigma) at 37C for 10 min. 100u! of 5mg/ml azocasein (Sigmaytoh (in PBS, pH 7.4)
and incubated with 100p!| of lysate at’°@7for 1h. To stop reaction, 300u! of 10 %
trichloroacetic acid was added and samples wergated for 30 min on ice. To remove
undigested azocasein, samples were centrifugedb@0&g, 5 min). The resulting
supernatant was transferred to a new clean tubtioorg 500ul of NaOH (525mM).
Finally, absorbance of the sample was measuredd2bm on a spectrophotometer
(Tecan Magellan)For some controls, to see if azocasein digesti@ueéstoBlastocystis
proteases, parasitic lysates were boiled 4€906r 15 min to inactivate proteases. For

experimental positive controls, 100 ul trypsin (@dggml) was used.

2.2.4 Protease inhibition

To determine the types of proteases that arept@s both WR1 and B isolates of
Blastocystis effects of protease inhibitors on the proteaseviac of Blastocystiswere
studied by adding one of the following inhibitorsrehg 1h incubation of parasitic lysate
with azocasein: E-64, iodoacetamide, EDTA, PMSH (@hM); and pepstatin A
(200pg/ml). All inhibitors were purchased from Semxcept pepstatin A (CHEMICON),

iodoacetamide (M P Biomedicals, LLC) and PMSF (BOjFble 2.1).
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Protease inhibitor Specificity Concentration used
E-64 Cysteine protease inhibitor 1mM
lodoacetamide Cysteine protease inhibitor 1mM

EDTA Metallo-protease inhibitor 1mM

PMSF Serine protease inhibitor 1mM

Pepstatin A Aspartic protease inhibitor 100pg/ml

Table 2.1 Different protease inhibitors used in this studlgeir specificities and
concentrations.

2.2.5 Determination of optimum pH for protease activity

To determine the pH dependence of the proteaseitgctf both isolates of
Blastocystisin azocasein assays, 1 h incubation with paralitiate was performed in
buffers of different pH containing 1mM DTT. The miithese buffers ranged from 3.0 to
8.5. The following buffers were used: 0.1M Glycid€l (for pH 3.0), 0.1M sodium
acetate/acetic acid (for pH 4.0 and 5.5), 0.1M wadphosphate (for pH 7.0 and 7.6) and

0.1M Tris-HCI (for pH 8.5).
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2.2.6 Secretory product extraction

To extract secretory componentsBiastocystis5 day old parasites were washed
twice in PBS (pH 7.4) and re-suspended in incubahtioffer (PBS witil0 nw HEPES,
and 0.05%-ascorbic acid, pH 6.2) and incubatgd7°C for 3h, as reported previously
for Trichomona (Sommer et al. 2005). After incubation, parasiesre examined
microscopically for their viability and found to hgable and healthy. After incubation,
the suspension was centrifuged at a low speed (g0 for 10min, 4C) so that no
leakage of parasitic products occurs. To remove @glyris, supernatant was again
centrifuged at high speed (6,000rpm for 10mifiC)4and resulting supernatant was

filtered using 0.22um filters and kept at -80°C fiather analysis.

2.2.7 Cellular localization of cysteine proteases

After discovering thatBlastocystispossesses high cysteine protease activity,
cellular localization of cysteine proteases of fiyiBlastocystiswas determined as
described previously (Scholze and Tannich 1994iefr cells were incubated at room
temperature in phosphate-buffered saline (pH 7o@janing 5mM of the substrate Arg-
Arg-4-methoxy-2-naphtylamide and 2.5mM 5-nitro-Zsdaldehyde. After 2h, cells
were spun down and washed 4 times in PBS at 25008pmears were made on a glass
slide and viewed under a fluorescence microscop® lB50-430nm excitation and 550-
600nm emission. For inhibition of cysteine protsagmrasites were preincubated for 1h

in PBS containing iodoacetamide (80).
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2.3 RESULTS

2.3.1 Protease activity ofBlastocystis

Azocasein assay was employed for the determinafigrarasitic protease activity.
Azocasein consists of casein conjugated to an geoahd serves as a substrate for
proteolytic enzymes. Degradation of casein libexdtee azo-dye into the supernatant
that can be quantitatively analyzeHig. 2.1shows the protease activity Bf ratti WR1
represented in azocasein units. One azocaseirisudéfined as the amount of enzyme
producing an increase of 0.01 OD units per hysates ofB. ratti WR1 showed
significant protease activity (35.3 £ 3R;< 0.01) in comparison to control (0.8 £ 0.1). A
significant inhibition of protease activity of WR{sate was observed with the use of
cysteine protease inhibitors iodoacetamide (4.18t®< 0.01) and E-64 (9.8 £ 2.9, <
0.01) (Fig. 2.1). Partial inhibition was noticedthvaspartic protease inhibitor pepstatin A
(25.1 = 1.3;P = 0.058) and insignificant inhibition was seen hwinetallo-protease
inhibitor EDTA and serine inhibitor PMSF. These dimgs suggested that protease

activity of B. ratti WR1 is mainly due to cysteine proteases of thags.

Figure 2.2represents protease activity®fhominisB and it shows that lysate has
significantly high protease activity (45.7 + 2B< 0.01) in comparison to control (0.7 £
0.2). A significant inhibition of protease activif B. hominisB lysate was observed
with the use of cysteine protease inhibitors io@tamide (9.1 £ 2.0P < 0.01) and E-64

(13.1 £ 1.3;P < 0.01) Fig. 2.2. Serine protease inhibitor PMSF also inhibitedtgase
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activity (37.8 = 2.2;P = 0.03 versus control). Metallo-inhibitor EDTA araspartic
inhibitor pepstatin A showed no inhibition. The ults suggest thaB. hominis B

proteases mainly consist of cysteine and serinieases.

The effect of parasite concentration on the ratazmicasein hydrolysis was also
measured. As expected, results for both isolatesvstihat azocasein degradation is

proportional to parasite concentratidng. 2.3 and 2.1

2.3.2 Optimum pH for Blastocystis protease activity

To determine optimum pH for protease activity iro@@sein assay, incubation
with parasitic lysates was performed in 0.1M GlgeHCl (pH 3.0), 0.1M sodium
acetate/acetic acid (pH 4.0 and 5.5), 0.1M soditwsphate (pH 7.0) and 0.1M Tris-HCI
(pH 8.5). Protease activity of both isolatsratti WR1 and B. hominisB showed pH
dependence and it was highest at pH 7 and lowedegse activity was observed at

acidic 3 pHFig. 25Aand 25 B

2.3.3 Protease activity ofBlastocystis secretory products

To investigate iBlastocystissecretory products have similar protease acti\sty a

lysates,Blastocystissecretory products were extracted by incubating parasites in

incubation buffer. Secretory products Bf ratti WR1 showed significant protease

activity (17.1 £ 1.8P < 0.01) in comparison to control (1.3 + 0.&)d. 2.9. Secretory
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products oB. hominisB also showed significantly high protease actiyty.2 + 2.9P <

0.01) in comparison to control (1.7 + 0.Fd. 2.9.

2.3.4 Cysteine proteases are confined to the central vacie

To determine cellular localization of cysteine pades, live parasites were
incubated in PBS containing substrate Arg-Arg-4hogy-2-naphtylamide and 5-nitro-
2-salicylaldehyde. 5-nitro-2-salicylaldehyde formen insoluble adduct with the
proteolytically released napthylamine derivativéudrescent microscopy results Bt
ratti WR1 (Fig. 2.7 showed that fluorescence is clearly localizedhimitthe central
vacuole of the parasite. The central vacuole laafibn of cysteine proteases is evident
in the exceptionally larg8lastocystiscells which are surrounded by smaller cells (Fig
2.7, second columnBlastocystiss a pleomorphic protozoan and sizes can sigmifiga
vary (up to 50-100 times larger parasites can lsmved in the same culture). figure
2.8, fluorescence is also limited to central vacuofeBo hominisB suggesting that
cysteine proteases are mainly contained in theralewdicuole of the parasite. For both
isolates, almost no fluorescence was observed wilmasites were pretreated with

specific cysteine protease inhibitor iodoacetamide.
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Fig. 2.1 Protease activity ofB. ratti WR1 and effect of inhibitors. Protease activity
was determined with azocasein as a substrate.ds/fam 4x10 parasites were used for
each sample. The assay was performed with/withoate@se inhibitors as described in
Material and Methods. A significant inhibition ofgtease activity can be noticed with
cysteine protease inhibitors (iodoacetamide andiEafid less significant inhibition is
seen with aspartic inhibitor pepstatin A. Metalimygase inhibitor EDTA and serine
inhibitor PMSF show no inhibition. One azocaseint us defined as the amount of
enzyme producing an increase of 0.01 OD unitg#tues are means $D (h = 3)."P <
0.01 versus negative controlP*= 0.058 versus lysate, P < 0.01 versus lysate.
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Fig. 2.2 Protease activity ofB. hominis B and effect of inhibitors. Protease activity
was determined with azocasein as a substrate.ds/fam 4x10 parasites were used for
each sample. The assay was performed with/withoate@se inhibitors as described in
Material and Methods. A significant inhibition ofgtease activity can be noticed with
cysteine protease inhibitors (iodoacetamide andiE-Berine protease inhibitor PMSF
also inhibited protease activity. Metallo-inhibitBDTA and aspartic inhibitor pepstatin
A show no inhibition. One azocasein unit is defiredthe amount of enzyme producing
an increase of 0.01 OD unitsialues are meansSD (1 = 3).”P < 0.01 versus negative
control, *P = 0.03 versus lysate, < 0.01 versus lysate.
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Fig. 2.3 Histogram showing the effect of parasite omcentration on the rate of
azocasein hydrolysis byB. ratti WR1. The azocasein assay was performed as described
in Material and Methods. Lysates from varying concaion ofBlastocystis rattiWwR1
were used for azocasein assay. A dose dependeeaggcin protease activity can be
observed. Values are averages from three indepenglgreriments with duplicate
samples in each. Standard deviations are indicgitéderror bars.
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Fig. 2.4 Histogram showing the effect of parasite omcentration on the rate of
azocasein hydrolysis byB. hominis B. The azocasein assay was performed as described
in Material and Methods. Lysates from varying corication of Blastocystis homini8

were used for azocasein assay. A dose dependeeaggcin protease activity can be
observed. Values are averages from three indepenglgreriments with duplicate
samples in each. Standard deviations are indicgitéderror bars.
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Fig. 2.5 Protease activity oB. ratti WR1 (A) and B. hominis B (B) at different pH.
Azocasein was used as a substrate and incubattbrpesiasitic lysates was performed in
0.1M Glycine/HCI (pH 3.0), 0.1M sodium acetate/acetcid (pH 4.0 and 5.5), 0.1M
sodium phosphate (pH 7.0) and 0.1M Tris-HCI (pH)8/Bor both isolates, highest
protease activity was observed at 7 pH whereasdbagtivity was at acidic 3 pH. Values
are averages from three independent experiments dujplicate samples in each.
Standard deviations are indicated with error balisvalues are significantly differen®(

< 0.05) when compared with each other.
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Fig. 2.6 Protease activity of B. ratti WR1 and B. hominis B secretory products.
Parasitesvere incubated for 3 hours in incubation buffeektract secretory fraction as
described in Materials and Methods. Protease #&gtiof secretory product was
determined with azocasein as a substrate. Secrgi@myucts of both isolates show
significant protease activity. Secretory fractioh B> hominis B shows comparatively
higher protease activity than thatBfratti WR1. Values are means + SB£ 3)."P <
0.01 versus negative control (i.e. incubation yffe
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Fig. 2.7 Representative fluorescence, light, and mgeed micrographs show activity
and localization of cysteine proteases in live pasites ofB. ratti WR1. Live parasites
were incubated in PBS containing substrate Arg-#amethoxy-2-naphtylamide and 5-
nitro-2-salicylaldehyde. 5-nitro-2-salicylaldehyderms an insoluble adduct with the
proteolytically released napthylamine derivativéueéBcolor fluorescence is an indication
of in situ protease activity (arrowhead, first column). Higheagnification (400x) picture
in second column shows unusually laBjastocystiscells surrounded by smaller cells. It
can be noticed that fluorescence is limited onlythe central vacuole (arrow) of the
parasite. Treatment of parasites with cysteine bitdm iodoacetamide resulted in
diminished fluorescence (third column). Control gsdies without cysteine protease
substrate showed no fluorescence (fourth columMpggification in first, third and
fourth column is 100x).
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Fig. 2.8 Representative fluorescence, light, and mgged micrographs show activity
and localization of cysteine proteases in live pasites ofB. hominis B. Live parasites
were incubated in PBS containing substrate Arg-#amethoxy-2-naphtylamide and 5-
nitro-2-salicylaldehyde. 5-nitro-2-salicylaldehyderms an insoluble adduct with the
proteolytically released napthylamine derivativéueBcolor fluorescence is an indication
of in situ protease activity (arrowhead, first column). Higheagnification (400x) picture
in second column shows unusually larBéastocystiscell. It can be noticed that
fluorescence is limited only to the central vacsqglarrow) of the parasite. Treatment of
parasites with cysteine inhibitor iodoacetamideiltesl in diminished fluorescence (third
column). Control parasites without cysteine proteasgbstrate showed no fluorescence
(fourth column). (Magnification in first, third arfdurth column is 100x).
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2.4 DISCUSSION

Results from the protease profile study showed Bhaatti WR1 andB. hominis
B possess high protease activity. Inhibition oftpase activity oBlastocystisshowed
that these proteases consist mainly of cysteineegses. The active-site thiol group of
cysteine proteases can function only under redeceditions (McKerrow et al. 1993)
and becausBlastocystisgs an anaerobic enteric protozoan, these cysfainieases may
have important roles in its life cycle. Most othpathogenic protozoans including
Entamoeba Giardia, Trichochmonas Leismania Trypanosoma and Plasmodiumare
known to possess cysteine proteases (reviewed rthN®82; McKerrow et al. 1993)
that have been shown to be important for the deweémt, differentiation, and
pathogenicity of these parasites. These cysteinetegges can be promising
chemotherapeutic or vaccine targets for many pasagSajid and McKerrow 2002).
Based on protease activity, it was observed Biatatti WR1 showed less cysteine
protease activity than that f&. hominisB. High protease activity has been reported in
amebic clones of high virulence (Espinosa-Cantelland Martinez-Palomo 2000) and it
would be important to study if high protease atyiis associated with virulence in

Blastocystis

Furthermore, in a parallel investigation, gelatbSSPAGE analysis was
performed and it was found that majorityRlastocystigproteases were of cysteine type,
with molecular weight ranging between 20 to 33 k3@ et al. 2006). Interestingly,

Entamoeba histolytices also reported to have cysteine proteases wiitigsrange (22-29

59



kDa) and these have been reported to be resporisibtbe hydrolysis of extracellular

matrix proteins (Keene et al. 1986).

Intestinal permeability was found to be increasedatients withBlastocystis
hominisinfections and it was suggested tBddstocystiscan damage the intestinal wall
(Dagci 2002). Other reports describe adherend&astocystisand colonic ulcerations on
the intestinal mucosa (Al-Tawil et al. 1994). Fingk suggest that cysteine proteases
activity of Blastocystismay possibly contribute to its pathogenicity. Bodytic activity
of B. ratti WR1 andB. hominisB proteases was found to be highest at neutrallpid.is
in agreement with the pH of human large intestirfeens Blastocystiscolonizes. This
finding suggests th&lastocystigproteases can have maximumvivo activity at neutral
pH in the large intestine of humans. Significantiy,was shown thaBlastocystis
secretory products also possess protease actRrtteases can be found inside the
protozoan cell, on the plasma membrane or in thhasge secretions (Que and Reed
2000). Entamoeba histolyticdnas been reported to have cysteine proteaseswtrat
present in parasitic secretions and suggestedtorple in its pathogenesis (Ocadiz et al.
2005). Blastocystisis suggested to be a non-invasive organism ardinfinthat it has

secretory proteases has relevance to its prosp@ctiivo pathogenesis.

Inhibitors of cysteine proteases have already Istenvn to be effective against

numerous protozoan parasitesvitro (North 1994) suggesting that proteases might be

potential targets for specific antiprotozoal drugs. cysteine proteases are found to be
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essential for the life cycle and pathogenicity ainy parasites, they might be potential

chemotherapeutic or vaccine targets (Sajid and Make2002).

Blastocystisis a polymorphic organism and its recognized folams vacuolar,
granular, amoeboid, and cyst forms. The vacuolanfalso referred to as vacuolated or
central vacuole form, is the most common form obeerin axenized cultures. It has a
characteristic large central vacuole and a thin einperipheral cytoplasm (Tan 2004).
Vacuolar forms are spherical and most of the pe'asiolume is occupied by the central
vacuole. The exact role of central vacuoleBilastocystisis not clear to date but it has
been suggested that it may act as a storage olgdnelthe deposition of apoptotic
bodies during programmed cell death of the pargdiesirudeen et al. 2001). Other
reports suggest that the central vacuole may hawéean schizogony-like reproduction
(Dunn et al. 1989; Suresh et al. 1994). Results ftiois study suggest for the first time
that central vacuole may also function as a resefgpcysteine proteases. A number of
studies on protozoans includiig cruzi have shown that the major protease activity is
located in the lysosomes (De Souza 1984; SoutoéRaelr al. 1990). Findings suggest
that central vacuole might be an unusually big $ggoe inBlastocystis Preliminary
results from our laboratory using Lyso tracker rdteg are in agreement with this
suggestion. It was observed thBlastocystis central vacuole containing cysteine
proteases are located in close proximity with tlesma membrane of parasite. It will be

interesting to know how the extracellular trafficgiof these proteases occurs.
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Interestingly, in adverse conditions like insuféiot nutrition or in old cultures,
many granular forms are seen which is characterigedyranules in central vacuole.
There is a need to further elucidate if cysteinetgases have a role in the formation of

granules in central vacuoles.

In this chapter, it was demonstrated for the finste, the protease activity of
Blastocystis rattWR1 andBlastocystishominisB and found that this parasite possesses
high protease activity, in particular of the cysteprotease type. It was also showed that
the central vacuole oBlastocystiscontains cysteine proteases. The pathogenicity of
Blastocystisis until now unknown and further characterizatarBlastocystisproteases
will lead to a better understanding of the paralsiéecycle and its interactions with the

host.
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CHAPTER 3:

EFFECTS OF BLASTOCYSTIS ON HUMAN

SECRETORY IMMUNOGLOBULIN A



3.1 INTRODUCTION

Adherence of pathogens to the host surface, fomplegastrointestinal mucosal
surface, is a significant step in host pathogeeradtions. Once the pathogen adheres to
the host surface, it is able to initiate certaialdgical processes like proliferation, toxin

secretion and cell invasion that can result inase

At the mucosal surfaces of gastrointestinal tretmunoglobulin A (IgA) is the
predominant immune defense against ingested patbaged their toxins. IgA is vital for
limiting mucosal adhesion and colonization by macganisms and neutralizing a range
of microbial toxins (Renegar and Small 1999; Rusteadl. 1999; Chintalacharuvu et al.
2003). In the body, IgA is produced in more amouhten all other immunoglobulin
classes combined and is mainly found in mucosaksieas in the form of secretory IgA
(S-1gA). S-IgA is made of IgA dimer or tetramer ebently joined to the secretory

component which is an epithelium-derived polyimmgiobulin receptor.

Two subclasses of IgA, IgA1 and IgA2, are founchumans. They are different
in their structure as IgA2 lacks 16 proline-richiamacid sequence in its hinge region
which makes it more resistant to proteases. Theilaision of the two IgA subclasses
may vary in different secretions and it was repbrtieat 70% IgA1 and 30% IgAZ2 is
found in the gut (Olbricht et al. 1986). Howevesnee reports mentioned that IgA2 may
predominate in the distal parts of gastrointestinatt and it can be as high as 60%

(Kilian et al. 1996).
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IgA in secretions has been reported to have mamgtifons including inhibition of
adherence and colonization of pathogens by agglitim, trapping antigen in the mucus
layer, inhibition of antigen penetration, neutratinn of viruses, and neutralization of
bacterial toxins and enzymes (Kilian et al. 199%6)general, IgA is quite resistant to most
proteolytic enzymes of host and pathogen originweler, numerous pathogens can
evade the IgA immune response and adhere to thecktssurface by secreting IgA
proteases. These IgA proteases cleave IgA in tigehiegion and produce intact Fab and
Fc fragments and thus interfere with IgA mediat@dbition of attachment (Plaut 1983).
Although cleaved Fab fragments can still bind te thathogen surface, loss of Fc

fragment prevents most antigen-elimination mechasifilian et al. 1996).

IgA proteases have been described in protozoaaspes (Kelsall and Ravdin
1993; Provenzano and Alderete 1995), bacteriadKiét al. 1980; Plaut 1983) and they
are known to mostly cleave secretory IgA at defirsg@ in proline-rich sequence of
hinge region. On the other hand, many other pacasid bacterial proteases do not show
similar unique substrate specificity and they mayse extensive degradation of the
entire IgA molecule (Kilian et al. 1996) as obse&hfer Entamoeba histolyticgKelsall
and Ravidin 1993) IgA proteases have been implicats virulence factors in the

pathogenesis of mucosal infections (Kilian et 808).

Blastocystiss a zoonotic enteric protozoan (Yoshikawa e8D4a; Noel et al.

2005) that colonizes the large intestine of humamd many other animals. There are

many reports associatifgjastocystiswith gastrointestinal and other clinical symptoms
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including recurrent watery diarrhea, mucous diarto®nstipation, nausea, vomiting, and
bloating (Qadri et al. 1989; Doyle et al. 1990; Mirand Batchoun 1994). Despite its
description about a century ago (Alexeiff 1911¥tldiis known about its colonization

strategies and association with clinical symptoms.

Findings in previous chapter thBtastocystispossesses high levels of protease
activity prompted us to investigate if it does psss IgA degrading proteases. These
proteases, if present, may shed new lighBtastocystishost-pathogen interactions. In
this chapter, it is demonstrated for the first tithat Blastocystishas proteases that can

degrade both subclasses of IgA.

66



3.2 MATERIALS AND METHODS

3.2.1 Culture ofBlastocystis

Two axenic isolates dBlastocystisB. ratti WR1 andB. hominisB were used in
this study. Parasites were cultured in pre-reduseove’s Modified Dulbecco’s Medium
(IMDM) supplemented with 10% inactivated horse semand incubated anaerobically at
37°C in an ANAEROJAR (Oxoid, UK) as previously desedbin chapter 2. Parasite
viability was microscopically determined and cudtsiwith >95% viable parasites were

used for this study. Counting of parasites wasgoeréd using a haemocytometer.

T. vaginalis was cultured in Hollander's medium containing 100&tal-calf

serum and used as a positive control.

3.2.2 Preparation of conditioned medium and cell sates

For the IgA study, four-to five-day olBlastocystiscultures were harvested by
centrifugation at 400g and the clear culture sugtamt was designated as the conditioned
medium. The conditioned medium was centrifuged GA02pm (10 minutes, °€) to
remove any suspended cells. The cell pellet wasiechwith PBS (pH 7.4), resuspended
in 1ml PBS and cell lysates were obtained by requbdteeze-thaw action in liquid

nitrogen and 3C water bath respectively. The protein contenthef ¢ell lysates and
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conditioned medium was estimated using a commércalailable Bradford protein

assay kit (Bio-Rad). Cell lysates ©f vaginaliswere also prepared as Blastocystis

3.2.3 Assay of IgA degradation byBlastocystis

For IgA degradation assays, 30ug of parasite prdtall lysate) and conditioned
medium were each incubated with 1pg of secretofy{IldS Biological) for two hours at
37°C. This secretory-IgA is a natural mixture of batfA subtypes (IgAl and IgA2).
After incubation, the reaction was stopped by aolibf SDS sample buffer containing
2-B-mercaptoethanol and the mixture was boiled fombbutes. Approximately 30ugf
various protein preparations were electrophoresei®? polyacrylamide gels (Laemmli
1970). After SDS-PAGE, the proteins were electrtibbbonto a nitrocellulose membrane
(Amersham). The membrane was blocked overnight°&t it 5% milk-PBST and
detected with 1:50,000 dilution of goat polyclorahti-lgA heavy chain antibody
conjugated to horseradish peroxidase (CHEMICON)Ifiorat room temperature. This
anti-lgA antibody was humaam chain specific and can react with IgA1 and IgATotB
were developed on Hyperfilm ECL (Amersham) usingrmhluminescent ECL Plus

Detection Reagent (Amersham).

In other experiment®. hominisB was usedo determine the effects on subtypes

of IgA, 30ug of parasitic lysate or conditioned nued were incubated with IgA1 (2uQ)

or IgA2 (2ug), for 2h at 37°C. Western blot wasfpened as described for IgA except
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that membrane was probed with 1:25,000 dilutiona 6fRP-conjugated goat polyclonal

antibody cocktail (mixture of anti-IgA, IgM, 1gG; &Biological).

In some experiments, IgA breakdown was quantifiey betermining
Immunoblots using a gel documentation and analygstem (Gel Doc XR, Bio Rad).
The % of heavy chain remaining intact after expesto Blastocystissamples is
calculated as follows: % remaining heavy chain ptif@l density of remaining heavy
chain/ optical density of total heavy chain) x 100. experiments with proteinase
inhibitors, degree of inhibition was calculatedfaldows: % inhibition = [(% remaining
heavy chain with inhibitor - % remaining chain vatit inhibitor)/ (100- % remaining

heavy chain without inhibitor)] x 100.

3.2.4 Inhibition of IgA proteinase activity

The proteinase inhibitors used consisted of 25mMEDBDH), 2 mM
phenylmethylsulfonyl fluoride (PMSF) (BDH), 2mM idoetamide (IA) (M P
Biomedicals, LLC), and 0.8mM pepstatin A (CHEMICONParasite preparations were
incubated with the inhibitors for 1h at room tengiare before IgA, IgA1 or IgA2 was
added and incubated for another 2h. The reactionhst@ped with SDS sample buffer
containing 2B-mercaptoethanol. The samples were analyzed by mobiatting as

described before.
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3.2.5 Immunoglobulin substrate SDS-PAGE assay

To further study thaélastocystismmunoglobulin degrading proteases and their
molecular weights, immunoglobulin substrate SDS-EA&ssay was performed. This
SDS-PAGE method requires the inclusion of subsfiig&l or IgA2) in an acrylamide
gel. IgA1 (100 pg/3ml) or IgA2 (100 pg/3ml) were podymerized into 16%
polyacrylamide gel. 2 pg lysate proteins were itatd with sample buffer (without
mercaptoethanol) at room temperature for 20min®rbefoading. Samples were not
boiled so that protease activity is retained. Ebgattoresis was performed at a constant
current of 30mA/gel for 1.5 h. After electrophosesach lane of gel was cut into strips
for further treatment. To renature proteases, gage incubated in reducing buffer
(12.5% Triton-X, 100mM sodium acetate, 1mM DTT) Bhours without inhibitors and
with inhibitors EDTA (2mM), lodoacetamide (30uM)emstatin A (30uM) and PMSF
(2mM) (37 °C, shaking). The gel was stained in B%2Zommassie blue for 2 hours with
shaking. Destaining was done in destaining soluti@®% methanol, 7% acetic acid) for

30 minutes and in solution Il (10% methanol, 7%tiacacid) for one h.
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3.3 RESULTS

3.3.1 Blastocystis lysates and conditioned medium degrade secretorgA

Lysates oBlastocystigsolates WR1 and B-(g. 3.]) were able to degrade human
secretory IgA over 2 h at 32. A significant loss of intact heavy chain andrease of
IgA fragments was noticed. After exposure to WRd Brlysate, only 31% and 39% IgA
heavy chain remained intact respectivélglfle 3.). Positive controll. vaginalislysate
(Fig. 3.1, lane Yshowed degradation of secretory IgA (ProvenzambAderete 1995).
IgA degradation activity for conditioned medium WR1 (Fig. 3.1, lane P was also
noticed with 47% intact heavy chain remaining aftreatment. Conditioned medium
from B. hominisisolate B also degraded IgA with 64% heavy chamaining Table 3.).
Condition medium shows less extensive IgA degradatattern than that of lysate which

might be due to some proteases that are not sddretare present only in the lysate.

3.3.2 Effect of protease inhibitors on degradationf secretory IgA

Degradation of secretory IgA by WR1 lysate washitbid significantly (99%) by
aspartic-specific inhibitor pepstatin Ai¢. 3.2, lane and also by cysteine-specific
inhibitor 1A (57%) Fig. 3.2, lane b With WRL1 lysate, negligible inhibition (10%) was
noticed by serine-specific inhibitor PMSF and aexpected increase in degradation of
IgA was observed with metallo-specific inhibitor ER. In contrast, degradation of IgA

by B isolate was inhibited most by IA (79%i¢ 3.2, lane 1pfollowed by aspartic-
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specific inhibition by pepstatin A (52%) and lesgn#icant inhibition was noticed by
serine (10%) and metallo-specific inhibitors (23%)he effects of inhibitors on

Blastocystigroteinase activity are summarizedTiable 3.2

3.3.3 Degradation of IgA1 and IgA2

Human secretory immunoglobulin A has two subtypg&l and IgA2. IgA1 and
IgA2 differ in their structure and distribution ithe gut. The effects oBlastocystis
hominisB exposure on subtypes IgA1 and IgA2 were studdsdshowed in théig. 3.3
exposure oBlastocystihiominisB lysate to immunoglobulins resulted in the degtaxh
of the heavy chain of IgAl. In IgA1l exposed to kgsa a big band (~50 kDa) and a small
band (~42 kDa) cleaved from heavy chain can be wbdeMhe 42 kDa band is faint
which might be due to small amounts of degradedvhezhain fragments of this
molecular weight. Exposure dBlastocystishominis B lysate to IgA2 resulted in
significant loss of heavy chain and a small cleavadd (~45 kDa) is observeHig 3.4.
Additionally, the conditioned medium showed proyiol activity for both subtypes of
IgA as well and loss of heavy chain can be seerdégpadation was observed in controls
exposed to PBS only. In addition to heavy chainteisults (Fig. 3.3 to Fig. 3.8), light
chain of IgA1 and IgA2 (~23 kDa) can be observeds Thbecause the antibody used for
these experiments can also detect light chaing®t land IgA2. Differences in the band
intensity of light chains was also observed whiciyrbe due to some cleaved fragments
of the heavy chain the might have stacked at theesagion of the light chain (Fig. 3.3

to Fig. 3.8).
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A concentration-dependent assay was performeduidy ghe effect of varying
amount ofBlastocystislysate on IgA1 and IgA2 degradation. As the dofdysate
increased, degradation of IgA1 and IgA2 graduallgréased as shown by loss of band
intensity of the heavy chairrig. 3.5 and 3.6 Exposure to 50 pg dlastocystidysate

resulted in complete loss of heavy chain in bothllgnd IgA2.

3.3.4 Effect of protease inhibitors on degradatioof IgA1 and IgA2

Various protease inhibitors were used to investiggpes of specific proteases
that are responsible for degradation of IgA1l and2lglt was observed that cysteine
proteinase inhibitor iodoacetamide completely iitkil the degradation of both IgA1 and
IgA2 and no cleaved fragment of heavy chain carsé&en Fig. 3.7 and 38 Some
inhibition effect was also observed with asparpedfic inhibitor pepstatin A. However,
the inhibition effect was not as pronounced as &oétamide, as small cleaved fragments
of heavy chain can still be seen. Metallo-spedifikibitor EDTA and serine-specific
inhibitor PMSF did not show any significant inhibit, as loss of heavy chain and
cleaved fragments were of the same pattern assatdy A slight increase in degradation
of IgA2 heavy chain is observed with EDTARg. 3.8 which is consistent with

observation previouslyg. 3.2.
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3.3.5 Immunoglobulin substrate SDS PAGE assay

An immunoglobulin substrate SDS-PAGE assay wasopeed to further study
Blastocystismmunoglobulin degrading proteases and their nubdgaveights. This SDS-
PAGE method requires the inclusion of substrat&Xlgr IgA2) in an acrylamide gel.
Immunoglobulin substrate is digested by protea$tes alectrophoresis and clear bands

can be observed against a dark background aftem@ssie Brilliant blue staining.

Three protease bands were similarly observed ih bpAl and IgA2 gels, one
higher molecular weight band (~70kDa) and two lowelecular weight band (~17kDa
and 19kDa) Fig. 3.9 and 3.10 Both 17kDa and 19kDa proteases were completely
inhibited by cysteine proteinase inhibitor iodoaceide. The 19kDa band was patrtially
blocked by aspartic-specific inhibitor pepstatin e 70kDa protease was inhibited by
serine specific inhibitor PMSF in IgA1 and IgA2 geln addition, two protease bands
(~27kDa and 30kDa) were also observed in IgA1 g& ORig. 3.9. These 27kDa and
30kDa proteases were completely inhibited by cygsteiproteinase inhibitor
iodoacetamide and aspartic-specific inhibitor pafustA. A smear of lower bands (below

17kDa) was observed that was completely blockepdpgtatin A and iodoacetamide.
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Fig. 3.1 Degradation of human secretory IgA by celysate and conditioned medium
of B. ratti WR1 and B. hominis B. 30ug of parasitic protein or conditioned medium
were incubated with S-IgA (1pg) for 2h at°87 and subjected to SDS-PAGE and
immunoblotting with antibody to human IgA heavy thd.ane 1, IgA with WR1 lysate
showing loss of intact IgA heavy chain into lowepletular-weight immunoreactive
fragments. Lane 2, IgA with WR1 conditioned medishowing degradation of IgA.
Lane 3, WR1 lysate only (negative control). Lanea@hditioned medium only (negative
control). Lane 5, IgA only showing intact heavy ichd.ane 6,T. vaginalislysate only.
Lane 7, IgA withT. vaginalislysate (positive control) showing degradationgh.Lane

8, IgA with B lysate. Lane 9, IgA with B conditiodenedium. (MW, molecular weight;
HC, heavy chain).

Blastocystis % of secretory IgA intact heavy chain remaining afer incubating

isolates with parasitic lysate and conditioned medium
Parasitic lysate Conditioned medium

B. ratti WR1 31 39

B. hominisB a7 64

Table 3.1.Percentagef secretory IgA intact heavy chain remaining aftetubation
with the lysates and conditioned mediunBtdstocysti{Representative results from 3
sets of experiments)
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Fig. 3.2 Effect of proteinase inhibitors on IgA deradation by lysates from B.ratti
isolate WRL1 (lane 2-6)and B. hominis isolate B (lane 7-11).Parasitic lysates were
incubated with inhibitors for 1h at %2 before IgA was added. Lane 1, IgA alone. Lane 2
and 7, IgA with lysates oB.ratti isolate WR1 and. hominisisolate B respectively
showing degradation of IgA. 25 mM EDTA (lane 3 & 8 mM PMSF (lane 4 & 9), 2
mM lodoacetamide (lane 5 & 10), and 0.8 mM pepstéti (lane 6 & 11) treatment
showing varying degrees of inhibition of IgA degaéidn. (MW, molecular weight; HC,
heavy chain).

Blastocystis % inhibition with different proteinase inhibitors
isolates

EDTA PMSF A Pepstatin A
B. ratti WR1 -9 10 57 99
B. hominisB 23 10 79 52

Table 3.2Degrees of inhibition by different proteinase intobs on IgA degradation by
lysates oBlastocystis(Representative results from 3 sets of experig)ent
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Fig. 3.3 Representative results showing degradatioof human IgA1 by B. hominis B
parasitic lysates and conditioned medium30ug of parasitic protein or conditioned
medium were incubated with IgA1 (2ug) for 2h at@7and subjected to SDS-PAGE in
12% acrylamide gel and immunoblotting with antibadyanti-IgA antibody as described
in Materials and Methods. Incubation with parady®ate resulted in the degradation of
the heavy chain of IgAl. In IgAl exposed to lysaemificant loss of heavy chain, a big
band (~50kDa, black arrow) and a small band (~42kibéte arrow) cleaved from heavy
chain can be observed. Lane 1 and 4 show intactyhelaain of IgAl. Conditioned
medium also shows proteolytic activity as loss eavy chain and a small cleaved band
(arrowhead) from heavy chain can be seen. Laned25aare the controls to show that
only lysate and medium respectively do not crosstrevith antibody. (MW, molecular
weight; HC, heavy chain; LC, light chain).
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Fig. 3.4 Representative results showing degradatiaof human IgA2 by B. hominis B
parasitic lysates and conditioned medium30ug of parasitic protein or conditioned
medium were incubated with IgA2 (2pg) for 2 h af@7and subjected to SDS-PAGE in
12% acrylamide gel and immunoblotting with antibadyanti-IgA antibody as described
in Materials and Methods. Incubation with parasygate resulted in the degradation of
the heavy chain of IgA2. In lane 3, IgA2 exposedywate shows significant loss of
heavy chain, a small band (~45kDa, arrow head) elkdvom heavy chain can be
observed. Lane 1 and 4 show intact heavy chaingA®. Conditioned medium also
shows proteolytic activity as significant loss efvy chain. Lane 2 and 5 are the controls
to show that only lysate and medium respectivelyadicross react with antibody. (MW,
molecular weight; HC, heavy chain; LC, light chain)
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Fig. 3.5 Representative results showing concentrat-dependent degradation of
human IgA1 by B. hominis B parasitic lysates.Varying amount oBlastocystis hominis
B lysate (from 1pg to 50pg) were incubated with 1gf@ug) for 2h at FC, and
subjected to SDS-PAGE in 12% acrylamide gel and umoblotting with antibody to
anti-IgA antibody as described in Materials and hbels. Degradation of heavy chain
gradually increased as shown by loss of band iitierisxposure to 50ug ddlastocystis
lysate resulted in complete loss of heavy chaitgéfl. (MW, molecular weight; HC,
heavy chain; LC, light chain).
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Fig. 3.6 Representative results showing concentrat-dependent degradation of
human IgA2 by B. hominis B parasitic lysates.Varying amount oBlastocystis hominis
B lysate (from 1pg to 50ug) were incubated with 2gfug) for 2h at FC, and
subjected to SDS-PAGE in 12% acrylamide gel and umoblotting with antibody to
anti-IgA antibody as described in Materials and hbels. Degradation of heavy chain
gradually increased as shown by loss of band iitierisxposure to 50ug ddlastocystis
lysate resulted in complete loss of heavy chaitgd2. (MW, molecular weight; HC,
heavy chain; LC, light chain).

80



X
5
=
N
w
IN
(651
o
~

75 —FBEGNTS T T AR TR G S o

[ R e |

HC 7/l +$3 aeee e ... oo
50 — =m0 i T . SR

w
~

N
ol

<+«— | C
MW
IgA1 Lysate IgA1 IgAl IgA1 IgA1 IgA1
only only + Lysate + Lysate +Lysate +Lysate + Lysate
+ 1A + PMSF +PepA +EDTA

Fig. 3.7 Effect of proteinase inhibitors on IgA1 dgradation by lysates from B.
hominis B. Parasitic lysates were incubated with inhibitors ¥o at 37C before IgA1
was added and incubated for 2h al@7and subjected to SDS-PAGE in 12% acrylamide
gel and immunoblotting with antibody to anti-IgAtdody as described in Materials and
Methods. Lane 1 shows intact heavy chain of IgAdpdSure to parasitic lysate resulted
in degradation of heavy chain and cleaved fragmeatsbe seen (arrowhead, lane 3).
Cysteine proteinase inhibitor iodoacetamide coneptahhibited the degradation of IgA1
and no degradation of heavy chain can be seen (an8ome inhibition is seen with
aspartic-specific inhibitor pepstatin A (Lane 6)efdllo-specific inhibitor EDTA and
serine-specific inhibitor PMSF do not show any #igant inhibition, as loss of heavy
chain and cleaved fragments similar to lysate easden. (MW, molecular weight; HC,
heavy chain; LC, light chain).
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Fig. 3.8 Effect of proteinase inhibitors on IgA2 dgradation by lysates from B.
hominis B. Parasitic lysates were incubated with inhibitors ¥b at 37C before IgA2
was added and incubated for 2h al@7and subjected to SDS-PAGE in 12% acrylamide
gel and immunoblotting with antibody to anti-IgAtdody as described in Materials and
Methods. Lane 1 shows intact heavy chain of IgAZhdSure to parasitic lysate resulted
in degradation of heavy chain and cleaved fragmeatsbe seen (arrowhead, lane 3).
Cysteine proteinase inhibitor iodoacetamide coneptahhibited the degradation of IgA1
and no fragments of heavy chain can be seen (Lan8oine inhibition is seen with
aspartic-specific inhibitor pepstatin A (Lane 6ri8e-specific inhibitor PMSF do not
show any significant inhibition, as loss of heahain and cleaved fragments similar to
lysate can be seen. An unexpected increase in hekaig degradation is observed with
metallo-specific inhibitor EDTA (Lane 7). (MW, mdaelar weight; HC, heavy chain;
LC, light chain).
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Fig. 3.9 Analysis ofB. hominis B proteases by IgA1 substrate SDS-PAGH:his SDS-
PAGE method requires the inclusion of substrateAl)gin an acrylamide gel.
Immunoglobulin substrate is digested by proteasisr alectrophoresis and clear
protease bands can be observed against a darkrbankigafter Coomassie Brilliant Blue
staining. Protease bands can be seen as clear bgadst a dark background. One
higher molecular weight band (~70kDa, black arrow)l &vo lower molecular weight
band (~17kDa and 19kDa, arrowhead) can be seenl7kiga and 19kDa proteases are
completely inhibited by cysteine-inhibitor iodoaaetide (Lane 5). The 70kDa protease
was inhibited by serine specific inhibitor PMSF flea3). In addition, two faint protease
bands (~27kDa and 30kDa, white arrow) visible whaile completely inhibited by
aspartic specific inhibitor pep A and cysteine-bitar iodoacetamide. A smear of low
molecular weight proteases (below 17kDa; lane an@ 3) can be seen which is also
completely inhibited by aspartic specific inhibitggep A and cysteine-inhibitor
iodoacetamide. (MW, molecular weight)
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Fig. 3.10 Analysis ofB. hominis B proteases by IgA2 substrate SDS-PAGEThis
SDS-PAGE method requires the inclusion of subst(ig@2) in an acrylamide gel.
Immunoglobulin substrate is digested by proteasisr alectrophoresis and clear
protease bands can be observed against a darkrbankigafter Coomassie Brilliant blue
staining. One higher molecular weight band (~70kbkack arrow) and two lower
molecular weight band (~17kDa and 19kDa, arrowhead) be seen. The 17kDa and
19kDa proteases are completely inhibited by cysta@ihibitor iodoacetamide (Lane 5).
The 70kDa protease was inhibited by serine spewifitoitor PMSF (Lane 3). A smear
of low molecular weight proteases (below 17kDagldn 2 and 3) can be seen which is
completely inhibited by aspartic specific inhibitggep A and cysteine-inhibitor
iodoacetamide. (MW, molecular weight)
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3.4 DISCUSSION

Proteases have not been previously studie®lastocystis even though such
enzymes are known to be virulence factors in mamwyogoal and bacterial infections
(Plaut 1983; Que and Reed 2000). Evidence of hulgAndegradation by protozoan
proteases has previously been reportedEfohistolytica(Quezada-Calvillo and Lopez-
Revilla 1986; Kelsall and Ravdin 1993) afidvaginalis(Provenzano and Alderete 1995).
It was determined that variolastocystigroteases contribute to the breakdown of IgA
suggesting that this is a mechanism by which thiagit@ can persist in gut. Conditioned
medium also showed the ability to cleave IgA sugggsactive secretion of parasitic IgA
proteases. Degradation of IgA Byastocystidysate and condition medium was inhibited
by cysteine and aspartic-specific inhibitors intéctihatBlastocystisysteine and aspartic
proteinases were mainly accountable for IgA dedgradain B and WR1 isolates
respectively. The contribution of metallo and serproteinases to immunoglobulin A

degradation was not significant.

Altogether, results from degradation experimental#shed thaBlastocystiscan
significantly degrade both subtypes of immunoglobé, IgA1 and IgA2. This finding
differs from most pathogenic bacterial IgA proteaskich can not cleave IgA2 due to
the absence of proline-rich vulnerable sequencdinge region (Plaut 1983). This
suggests thdlastocystigoroteases do not specifically target the hingeregf IgA; and
other sites in the heavy chain may be the targehede proteases. In dose dependent

experiments, complete loss of heavy chain was gbdesuggesting that the heavy chain
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has been degraded into fragments too small to tecteel by antibody. The conditioned
medium also showed IgA1 and IgA2 degradation agtivndicating that these proteases

can be secreted by the parasite.

Findings from the protease inhibition experimeimsvged that iodoacetamide was
most significant inhibitor for both IgAl and IgA2egdradation byB. hominis B.
lodoacetamide can covalently bind to cysteine te=sdand is used as a cysteine protease
inhibitor. The results show that most of the Igfoteases are cysteine proteases. To a
lesser extent, pepstatin A also inhibited degradatf IgA1 and IgA2. Pepstatin A is a
very specific aspartic protease inhibitor and pbip#here are few aspartic proteases that
are involved in the degradation of immunoglobulifbe significant activity of cysteine
protease and aspartic protease was also confirmtégeiimmunoglobulin substrate SDS
PAGE assay. Inhibition with serine-inhibitor PMSkdametallo-inhibitor EDTA did not
result in any significant inhibition. Interestinglthe presence of EDTA has an effect in
increasing the degradation of IgA2. Possibly, tkidbecause of an upstream regulator
protein, which can inactivate the immunoglobuligidaling proteases in the presence of
metal ions. As soon as the metal ions are chelaye@DTA the regulator protein is

inactivated and activity of proteases is enhanced.

The results show th&lastocystis hominiB contains at least five IgA1 degrading
proteases (~17kDa, 19kDa, 27kDa, 30kDa and 70kDaegses) and three IgA2
degrading proteases (~17kDa, 19kDa, and 70kDa me¢eaThe 17kDa and 19kDa

proteases can be blocked completely by iodoacesggmadhich suggests that it is a
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cysteine protease. The 27kDa and 30kDa proteasebecdlocked by both pepstatin A
and iodoacetamide. Since pepstatin A is a veryispathibitor, these 27kDa and 30kDa
proteases seems to be aspartic proteases thabjy@bso contain an essential cysteine
residue. The 70kDa protease seems to be a seoteape as it was blocked by serine-
inhibitor PMSF in IgA2 substrate gel. The smearlafer bands (below 17kDa) was
completely blocked by pepstatin A and iodoacetamimlg the resolution of bands was

not high enough to draw any conclusion.

Blastocystisseems to have similar IgA protease profile3ichomonas vaginalis
T. vaginalis the causative agent for trichomoniasis, was tegato have IgA degrading
proteases (Provenzano and Alderete 1995). Theseginalis proteases were mainly
cysteine proteases and suggested to be a parasitience factorBlastocystigproteases
degrade both IgA1 and IgA2 and this may suppresstst intestinal immune response.
This might create an immune defective milieu traat mdirectly help other pathogens to
establish infections or may enhance the chanctgofsurvival. In summary, the present
study demonstrates for the first time tHallastocystispossesses proteases that can

degrade both subclasses of IgA, IgA1 and IgA2.
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CHAPTER 4:

BLASTOCYSTISINDUCED INTESTINAL

EPITHELIAL CELL APOPTOSIS



4.1 INTRODUCTION

The primary site foBlastocystiscolonization is the intestine and in the previous
chapter, it was suggested that proteases produgeBldstocystiscontribute to its
colonization and pathogenesis. Recently, a vanétytestinal pathogens were found to
induce apoptosis in intestinal epithelial cells #meir association with pathogenicity was
suggested (Fiorentini et al. 1998; Kim et al 19G8&ne et al. 1999; Valenti et al. 1999;
Huston et al. 2000; McCole et al 2000; Chin et24l02). Studies have reported that
pathogens can modulate host cell apoptosis prarasshis can play important roles in
the pathogenesis of various diseases (Gao et @D)28 complex interaction of parasitic
virulence factors and host cell surface recepw®mequired for the induction of host cell

apoptosis (Gavrilescu and Denkers 2003).

Apoptosis (programmed cell death) is a form of delath distinguishable from
necrosis and involves a series of biochemical evgnainly caspase activation) that lead
to a range of morphological changes, including Ibledp, changes in plasma membrane,
loss of cellular attachment, cell shrinkage, chrtimaondensation, and chromosomal
DNA fragmentation. Most of the time, unlike necsysapoptosis occurs without any
accompanying inflammation. Caspases are cysteioegse and their activation in the
host cell is considered essential for apoptosctur (Riedl and Shi 2004). Towards the
end of apoptosis, the cell fragments into membitamend vesicles that are efficiently
ingested by neighboring immune cells (Wyllie et H80). Apoptosis is considered a

tightly regulated event that removes unwanted @eit$ it is prevalent in all multicellular
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organisms. Gastrointestinal epithelial cells havagn turnover and apoptosis plays an
important role in maintaining the balance betweetiutar proliferation and death;
however, enhanced apoptosis in intestinal epithekdls may lead to disturbed gut

homeostasis and gastrointestinal symptoms (Ramedciaet al. 2000).

Induction of apoptosis by pathogens may play anonmamt role in the
commencement of infection, survival of pathogensnoescape from the host immune
system; and in some infections, induction of apsigtaight be a host response to reduce
microbial replication (Ojcius et al. 1998). Overatiduction of host cell apoptosis can be
both advantageous and disadvantageous for the gmthd?athogens can benefit by
modulation of apoptosis which can result in 1) saal host cell deletion 2) initiation
of inflammation and 3) inhibition of apoptosis (Xymsky et al. 1997). Massive
depletion of host cells by apoptosis may assighéninvasion and replication of pathogen.
Salmonellaand Shigella cause gastrointestinal disease and they are krnownduce
apoptosis in macrophages (Siebers and Finlay 1888 )man et al. 1997). Moreover,
depletion of host cell (e.g. intestinal epitheledlls) by apoptosis may provide other
bystander pathogens a more conducive environmenn¥asion or multiplication. On
the contrary, numerous pathogens includimgxoplasma gondiiand Leishmania
donovanican inhibit host cell apoptosis to ensure thein@wurvival in the infected cells
(Heussler et al. 2001). Apoptosis of macrophagesShigella is accompanied by
secretion of proinflammatory cytokine Il3leading to inflammation (Zychlinsky et al.

1997). This inflammatory response results in tisdastruction and therefore provides
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opportunities for further tissue invasion. Henca&owledge of host cell apoptosis

modulation helps us to better understand host-gathanteractions.

In vitro studies have demonstrated thHalkastocystisis capable of causing
significant cytopathic effects on Chinese Hamstear® cells (Walderich et al. 1998) but
the exact nature of cell death mechanisms are mid¢rstood. This study was aimed to
investigate the interactions @&flastocystis rattiWwR1, an isolate of zoonotic potential,
with a non-transformed rat intestinal epithelidl tee, IEC-6. Here, it is reported for the
first time thatB. ratti WR1 induces apoptosis in IEC-6 cells in a contadependent

manner.
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4.2 MATERIALS AND METHODS

4.2.1 Intestinal epithelial cell culture

To investigate ifBlastocystiscan induce apoptosis of intestinal epithelial s;edl
non-transformed rat intestinal epithelial cell linEC-6 (ATCC) was used. Cell stocks of
IEC-6 were maintained in T-75 flasks in a humidifi@?”’C incubator with 5% C@ For
this study, cell cultures within 5-15 passages wesed. The cell culture medium consisted
of DMEM (Sigma) with 10% heat inactivated fetal bwy serum (Hyclone), 1% sodium
pyruvate (Gibco), and 0.1% bovine insulin (Sigméhe culture medium was changed
every 2-3 days. Trypan Blue assay was used tosa#iseviability of cells and cell cultures
with >95% viability were used for all experimeni@® remove cells from flask or culture
plates, trypsinization was performed with 0.25%&in-EDTA (Gibco). A seeding density
of 2 x 10 cells/ml was used for the experiments. Conflu&&-6 cell monolayers were
grown on 12-well tissue culture plates (Costar)tmpoly-L-lysine treated 12 mm glass

coverslips. Poly-L-lysine coating of coverslipsisscribed in appendix .

Additionally, human colonic carcinoma epitheliallsél84 (ATCC) were also used.
T84 cells growth medium consisted 1:1 mixture ofli@eco modified Eagle medium and
Ham’s F-12 (DMEM/F-12) (Sigma) supplemented witldbheat inactivated fetal bovine

serum (Gibco).
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4.2.2 Parasite culture and lysate preparation

Blastocystis rattiWwR1 was used for this study. Parasites were @dtun pre-
reduced Iscove’'s Modified Dulbecco’s Medium (IMDMjupplemented with 10%
inactivated horse serum (Gibco) and incubated abélly at 37C in an ANAEROJAR
(Oxoid, UK) as previously described (Ho et al. 1p%&arasites (5 days old) were harvested
and washed 2 times in ice cold IEC-6 complete medi&00 x g for 10 min at’g.
Resulting pellet was resuspended in IEC-6 cell detepnedia. The parasites were counted
with a hemocytometer and concentration was adjustdc10 parasites/ml. Parasites were
examined microscopically for their viability in IE€ complete media and found to be
viable for >48 h in IEC-6 growth conditions. To pege parasitic lysates, three freeze-thaw
cycles in liquid nitrogen and 3 water bath were respectively performed. Lysatesew

microscopically checked for the complete cell lysis

4.2.3 Experimental planning and inoculation protocol

For all experiments, a density of 1 x’Parasites/ml was used. A cell density of
1x10 Blastocystiscells/ml was used for all experiments. Studies ddter protozoan
parasites have used similar or even higher coratimirof parasites (up to 2x16ells/ml
for Giardia intestinalig (Chin et al. 2002). Although titers of naturatlgcurring infections
are not known foBlastocystis a concentration of 1xIMBlastocystiscells/ml was used
based on previous studies on protozoan parasie&iardia (Teoh et al. 2000). Either live

parasites or equivalent parasitic lysate were adoddBC-6 monolayers grown in 12 well
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plates (2ml inoculum), 24 well plates (1 ml inoaulu For experiments, 2-3 days old
confluent monolayers of IEC-6 were used and cultoeglium was changed 24 h before the
experiment. In some experiments, to inhibit caspasal monolayers were pretreated for 2
h with either general caspase inhibitor Z-VAD-fmEO(1M) or caspase-3 inhibitor Z-

DEVD-fmk (120uM) prior to addition of parasites lgsate. To investigate if apoptosis of
IEC-6 cells requires direct contact with parasits|s were grown in 12 well plates and

kept separate from parasite by porous filters (bllI-HA filter) during coincubationKig.

4.1).
Blastocystis
1 PP, T et
compartment plate we
.y —— Filter
Basolateral
compartment

Secretory IEC
products monolayer

Fig. 4.1 Simplified diagrammatic representation ofMillicell-HA membrane inserts
used for the parasite-host cell contact-independengxperiments. IEC-6 cells were
grown on the culture plate well base, and IB#@astocystis rattiWwR1 parasites were
added to the apical compartment (filter insertstody contact-independent effects on
host cells. The small pore size (Qud) does not allovBlastocystido pass through filter
but secretory components can pass and interactiB@monolayer grown on the base.
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4.2.4 DAPI staining for nuclear fragmentation and ondensation

IEC-6 cells were grown on poly L-lysine coated l2nnglass coverslips and
coincubated witlB. ratti WR1 live parasites or parasitic lysate. Aftert24f incubation,
monolayers were washed with PBS and fixed with Zw/) paraformaldehyde in PBS
(pH 7.4). After fixation, cells were washed twic&lwPBS and stained with 0.5pg/ml of
DNA binding dye DAPI (4’, 6-diamidino-2-phenylindgl Sigma) for 5 min in the dark (at
room temperature). After staining with DAPI, ceNlere washed in PBS and mounted on a
glass slide with fluorescent mounting medium (VEGFMELD). Stained cells were
viewed under a fluorescence microscope (Olympus®X@apan) for changes in nuclear

morphology and counted.

4.2.5 Annexin V binding assay for expression of phosphatylserine molecules on

cell surface

As an early marker of apoptosis, annexin V bindisgay was performed. IEC-6 cells
were grown in 12 well culture plates. Grown monelaywere then coincubated with
ratti WR1 live parasites or parasitic lysate for 5 hpkession of phosphatidylserine
molecules on plasma membrane was analyzed by usmgannexin V-fluorescein
isothiocyanate (FITC) apoptosis detection kit (BDhafningen) following the
manufacturer’s instructions. Within the kit, projpich iodide (Pl) was used for the
exclusion of dead cells from apoptotic cells. Afemnexin V staining, samples were

analyzed by flow cytometry (Dako Cytomation Cyan)L§ing 488 nm excitation and a
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515 nm bandpass filter for FITC detection and a B@0filter for Pl detection. In the dot
plot, a region was defined that represents the tafiopcell population showing annexin

and Pl staining (lower right quadrant).

4.2.6 Terminal deoxynucleotidyl transferase-mediated deopuridine triphosphate

nick-end labelling (TUNEL)

IEC-6 cells were cultured on poly L-lysine coatedl hm glass coverslips. Grown
cell monolayers were coincubated wih ratti WR1 live parasites or lysate for 12 h. To
detect in situ DNA fragmentation, terminal deoxynucleotidyl tramstse-mediated
deoxyuridine triphosphate nick-end labelling (TUNEkas performed using the situ
cell death detection kit (Roche) following the m&auiure’s instructions. The samples

were analyzed by a fluorescence microscope andaipopells were counted.

4.2.7 Caspase-3 activity

To analyze caspase-3 activity, the ApoAl8i€aspase Fluorescent Assay Kit (BD
Pharmingen) was used. IEC-6 cells were grown inv&R culture plates and coincubated
with B. ratti WR1 live parasites or parasitic lysate for 6, 22 h. After coincubation, cells
were washed twice with ice cold PBS and harvessaagua cell scraper. After washing,
cells were resuspended in 50ul of chilled celldysiffer and incubated on ice for 10 min.
Cell homogenates were centrifuged (13000 rpm) @miln to precipitate cellular debris.

Resulting supernatants were transferred to newstubfter this, 50ul of 20mM DTT in
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1ml of 2% reaction buffer mix followed by 5ul of Mhcaspase-3 substrate (DEVD-AFC;
50uM final concentration) was added to each sampieincubated in a water bath (1 h at
37°C). Samples were transferred to a 96 well plate @malysis was done by measuring
absorbance in a fluorometer (SpectraMax) with a 460 excitation filter and 505 nm

emission filter. Caspase-3 activity was expresseaetlative fluorescence units (RFUS).

4.2.8 Positive control

In some of the abovementioned apoptosis assays,ubl2staurosporine (Sigma)

was used as a positive control to induce apoptosis.
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4.3 RESULTS

4.3.1 Blastocystisinduces apoptosis in IEC-6 cells

To investigate whetheBlastocystishas potential to induce apoptosis in intestinal
epithelial cells, range of experiments was perfatnidese experiments involved (a) DAPI
staining to detect chromatin condensation and auncfeagmentation, (b) Annexin V
binding assay to analyze externalization of phosgylaerine molecules during the early
phase of apoptosis, (c) TUNEL for the analysisndérinucleosomal nicks in DNA during
the late stages of apoptosis and (d) Caspasedy &ssanalyze the presence of active
caspase-3. In addition, caspase inhibitors werd tseonfirm findings. Results from all
experiments consistently revealed that exposutE©#6 cells toB. ratti WR1 live parasite
and parasitic lysates induces significant levelamdptosis in IEC-6 cells. Moreover, the
results showed that the secretory productsBstocystiscan induce apoptosis and

parasite-host cell contact is not essential.

4.3.1.1 Cellular detachment

For proper growth, function and survival, most loé¢ cells require attachment to
each other and subsequent proliferation on theaestiular matrix (ECM). This
dependence is known as ‘anchorage dependencellaf\dgthout attachment, cells often
undergo apoptosis, a process known as ‘anoikiss¢rrand Ruoslahti 1997). Anoikis is

a well documented form of programmed cell deatlréshly isolated human intestinal
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epithelial cells (Grossmann et al. 1998). IEC-6 selnolayers were coincubated whBh
ratti WRL1 live parasites and parasitic lysates for 6nd siewed by inverted phase-
contrast microscopy. Results show that cellulaaclnhent is significantly higher in
monolayers exposed to live parasite and paragsiaté compared to normal looking cell
monolayers in control monolayeFi¢. 4.2. Monolayers treated with positive control
(staurosporine) were disrupted and extensive egfiahment was observed. It has been
reported that cellular detachment occurs due tpases which can degrade cytoskeletal
proteins and some proteins in ECM, resulting indeeachment of cells (Huppertz et al.
1999, Ramesh et al. 2000) and suggests that tluetiod of caspase activity is an early

event in the apoptotic pathway.

4.3.1.2 Changes in nuclear morphology

Distinguishing nuclear morphological changes in¢b#s undergoing programmed
cell death were considered as important indicata@poptosis (Kerr et al. 1972). Staining
of cells with nuclear binding dye DAPI detects afpas in the nuclear morphology. IEC-6
cell monolayers exposed tdlastocystis showed characteristic apoptotic nuclear
condensation and fragmentatioRig. 4.3. IEC-6 cells exposed t®. ratti WR1 live
parasites and parasitic lysates for 24 hours, stiomighly condensed and fragmented
nuclei in apoptotic cells. Monolayers of controld& cells showed healthy intact nuclei
with normal chromatin distribution. Cells coincubatwith live parasites (7.6% 1.2,
<0.05 versus control) and parasitic lysate (13.52& 4 <0.05 versus control) showed

about 4 and 7 fold respective significant increasgercentage of apoptotic cells compared
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with the control (2.0% +0.5)F{g 4.4. Cells in contact-independent assay also showed a
significant increase in apoptotic cells (5.9% +@7<0.05 versus control) suggesting that
parasitic secretory products have potential to cedapoptosis. In addition, to provide
direct evidence that apoptosis of IEC-6 cells Blastocystisinvolved caspase-3,
pretreatment of cells with a caspase-3 inhibitddE2vD-fmk before exposure to parasitic
lysate significantly inhibited apoptosis (5.3% #1R <0.05 versus parasitic lysate

treatment).

4.3.1.3 Externalization of phosphatidylserine molades on cell surface

Externalization of phosphatidylserine (PS) on thaep leaflet of the plasma
membrane is one of the main features of apoptosisitais generally assumed that PS
exposure is a result of caspase activation, andthdmark of apoptosis (Ferraro-Peyret
et al. 2002). Annexin V, a 35-36 kDa protein, ie firesence of calcium ions, binds with
high affinity to PS molecules (Raynal and Pollar894). Annexin V-FITC and
propidium iodide double staining can effectivelytad# viable, apoptotic and necrotic

cells in a mixed population (Vermes et al. 1995).

In this method, annexirand PI™ stained cells represent apoptotic celllptipn in
flow cytometry dot plots (lower right quadrantsjg. 4.9. IEC-6 cells exposed to
Blastocystisfor 5 hours showed a marked increase in percerdageoptotic cells. Cells
coincubated with live parasites (19.3 P4g. 4.58 and with parasitic lysate (34.2 %, Fig.

4.50 relative to the control (5.8 %, Fid.5A) in the lower right quadrants. The population
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dots in B, C, E and F compared to Afigure 4.5 show an overall shift in the population of
cells from the lower left quadrant towards the lowght quadrant. This shift indicates the
increase in the percentage of apoptotic cells vptbeservation of plasma membrane
integrity. Pretreatment with general caspase itdibhZ-VAD-fmk prior to coincubation
with parasitic lysate significantly prevented thmoptosis of IEC-6 cells (8.4 %, Fig.5D).
Moreover, a significant increase in the numbermdotic cells induced by live parasites
in a contact-independent manner was observed (14F&o 4.5B. This observation
suggests that some secretory product8.ahtti WR1 may induce apoptosis of IEC-6 cells

without the need for direct contact with the haddisc

4.3.1.4TUNEL

Terminal deoxynucleotidyl transferase-mediated gaadine triphosphate nick-
end labelling (TUNEL) was performed as a late maf&ethe detection of endonuclease
activity and analysis of apoptosis in IEC-6 cellgp@sed toBlastocystis The low
molecular weight DNA fragments and single stranebks (also called as ‘nicks’) in high
molecular weight DNA can be detected by labelingefi3'-OH end with modified
nucleotides in an enzymatic reaction. TUNEL is régpidbto be a good assay for detecting
DNA fragmentation when used in combination with esthechniques (Huppertz et al.

1999).

Results from fluorescent microscopy revealed laigebf distinctly fragmented

DNA (Fig. 4.9. IEC-6 cells exposed tB. ratti WR1 live parasites and parasitic lysate
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showed distinct increase in fluorescence in comsparito the cells of negative control.
Flow cytometry was performed for the quantificatiand results showed significantly
higher percentages of TUNEL labeled cells exposetive parasites (16.7% +2.®
<0.05 versus control) and parasitic lysate (21.849xP <0.05 versus control) as
compared to the negative control (2.0% +0.5). Olef&ANEL and in DAPI staining

results clearly suggest thalastocysticauses DNA fragmentation in IEC-6 cells.

4.3.1.5 Increase in caspases-3 activity

Caspases are cysteine proteases that are essentia¢ execution of apoptosis
(Riedl and Shi 2004) and they control the dismagtland clearance of dying cells.
Caspase-3 (also called as CPP32, apopain, YAMA)beas identified as being a key
mediator of apoptosis in mammalian cells (Kothaketaal. 1997), during which cells
undergo morphological changes particularly DNA fegtation, chromatin
condensation, and apoptotic body formation. Theas & significant increase in caspase-
3 activity in IEC-6 cells exposed . ratti WR1 live parasites and parasitic lysates (
4.7). Caspase-3 activity was observed to peak atdffehincubation. After 12 h, activity
of caspase-3 decreased up to 24 h. Importantlygrafisantly high caspase-3 activity
was seen in IEC-6 cells coincubated with live p@gasn a contact-independent manner,
using Millicell-HA filters. This finding was condisnt with DAPI staining and annexin V
binding results Kig. 4.4 and 4.6 providing evidence thaB. ratti WR1 can induce
apoptosis of IEC-6 cells in a contact-independeahmer. Additionally, to prove that

Blastocystisgnduced apoptosis of IEC-6 cells involved caspas¢EC-6 monlayers were
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pretreated with caspase-3 specific inhibitor, Z-MEWNK, before coincuabation with
parasitic lysate. Caspase-3 activity was foundegadampletely inhibited with the use of
Z-DEVD-fmk (Fig. 4.7). Overall findings suggest that caspases-3 ivagtinvolved in

Blastocystisnduced apoptosis of IEC-6 cells.

4.3.2 Blastocystisinduces apoptosis in T84 cells

In addition to the non-transformed rat intestinpitieelial cell line IEC-6, it was
investigated ifBlastocystiscould induce apoptosis in human colonic carcin@pighelial
cells (T84). T84 Cells were grown on poly-L-lysiceated glass coverslips and incubated
for 24 h withB. ratti WRL1 live parasite or parasitic lysate. Cells calvetted with live
parasites and parasitic lysate show nuclear coatiensand fragmentatior-ig. 4.9. A
significant increase in percentage of apoptotidscel T84 monolayers exposed to live
parasite (8.3% +1.6) and parasitic lysate (14.6% x®@/as noticed in comparison to the

negative control (2.5% *0.5) (For bd®<0.05 in comparison to control).
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Fig. 4.2 Representative light microscopy picturesfapoptotic cells showing cellular
detachment from stratum. Confluent IEC-6 cell monolayers were grown on 12twe
tissue culture plates and coincubated \Bithatti WR1 live parasites and parasitic lysates
for 6 h and viewed by inverted phase-contrast nsmopy. Overall observation shows
that cellular detachment (shiny spots) is much dérigim monolayers exposed to live
parasite (B) and parasitic lysate (C) compared tonoanal looking cells in control
monolayer (A). In the positive control (D), the noteyer integrity was disrupted and
extensive cell detachment can be seen.  (1Gignification).
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Fig. 4.3 Fluorescence photomicrographs after DAPItaining shows apoptosis of
IEC-6 cells. Cells were grown on glass coverslips and incub&ed®4 h with either
culture media (A),B. ratti WR1 live parasite (B), parasitic lysate (C), an@S0uM
staurosporin as positive control (F). Cells coirated with live parasites, parasitic lysate
and staurosporin show nuclear condensation andhiatation (arrow). Parasite-host cell
contact independent assay also shows apoptosedlefD). Pretreatment with a caspase-
3 inhibitor Z-DEVD-fmk rescued cells from apoptoéts. (400x magnification).

105



25 -
*

20 -

15

10 - *

. P o %

% Apoptotic cell

Negative Live Parasitic  Secretory  Positive Lysate +
control parasite lysate products control Caspase-3
inhibitor

Fig. 4.4 Histograms showing percentage of apoptoticells after DAPI fluorescence
assay.lEC-6 monolayers were grown on glass coverslip$ iacubated for 24 h with
either culture mediumB. ratti WR1 live parasite, parasitic lysate, or 0.25 uM
staurosporin. Cells coincubated with live parasaed parasitic lysate show a significant
increase in percentage of apoptotic cells in comparto the negative control. Contact
independent assay also shows significant increasapoptotic cells suggesting that
secretory products dlastocystishas potential to induce apoptosis. Pretreatmenelis
with a caspase-3 inhibitor Z-DEVD-fmk significantighibited the apoptosis. For each
sample, 1000 cells were counted at 400x magnifinati/alues are means + standard

deviations § = 3 per group). *P < 0.05 versus negative contrd|;P < 0.05 versus
parasitic lysate treatment.
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Fig. 4.5 Flow cytometry analysis of annexin V-FITCand propidium iodide staining.
Representative dot plots of controlcells (A), calisubated for 5 hr withB. ratti WR1 live
parasites (B), with parasitic lysate (C), with lgsafter pretreatment with caspase inhibitor Z-
VAD-fmk (D), with live parasite on Millicell-HA fiter for contact-independent assay (E), and
with 0.25uM staurosporin as a positive control @) C, E and F show a significant increase in

annexinV and PI apoptotic cell population (lower right quadrantk1®® cells from each
sample were analyzed.
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Fig. 4.6 TUNEL for the detection ofin situ DNA fragmentation. IEC-6 cells were
cultured on poly L-lysine coated 12 mm glass cdigs To detectin situ DNA
fragmentation, terminal deoxynucleotidyl transferasediated deoxyuridine triphosphate
nick-end labelling (TUNEL) was performed. Fluoresce micrographs of cells grown on
glass coverslips and coincubated for 12 h withucaltmedium (A)B. ratti WR1 live
parasite (B), parasitic lysate (C) and staurosp(®n A significant number of TUNEL
positive cells (green fluorescence) can be sed) @ and D. Histogram shows TUNEL
positive cell population determined by flow cytomyeshows a significant increase in
TUNEL positive IEC-6 cells after coincubation willre parasite and parasitic lysates.
Values are means * standard deviatians: (3 per group). *P < 0.05 versus control.
(400x magnification).
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Fig. 4.7 Line chart showing caspase-3 activity oEIC-6 cells.IEC-6 cells were grown

in 12 well culture plates and coincubated wihratti WR1 live parasites or parasitic
lysate. Caspase-3 activity was measured at 6, d24ihn time points as using a Caspase-
3 Fluorescent Assay Kit. A significant increasecaspase-3 activity was observed in
cells treated with live parasite, parasitic lysaisd positive control (0.25 uM
staurosporin) after 6 and 12 h. Caspase-3 actwifg gradually reduced at 24h.
Pretreatment of cells with caspase-3 inhibitor 2ZMDEfmk significantly reduced the
caspase-3 activity. Values are means + standandtaes 0 = 3 per group). *P < 0.05
versus negative control for all time pointsP < 0.05 versus parasitic lysate for all time
points.
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Fig. 4.8 Fluorescence photomicrographs and histogna showing apoptosis of
human colonic carcinoma epithelial cells (T84) afte DAPI staining. Cells were
grown on glass coverslips and incubated for 24 th wither culture media (AB. ratti
WRL1 live parasite (B), or parasitic lysate (C). [€a&oincubated with live parasites and
parasitic lysate show nuclear condensation andnfemgation (arrow). From the
histogram, a significant increase in percentageamdptotic cells in T84 monolayers
exposed to live parasite and lysate can be noticedmparison to the negative control.
For each sample, 1000 cells were counted. Valiesmaans + standard deviatioms<3
per group). *P < 0.05 versus negative control. (400x magnificgtion
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4.4 DISCUSSION

Here, it was demonstrated for the first time fBatatti WR1 can induce apoptosis
in intestinal epithelial cells. The apoptosis ofCH6 cells also occurred in a contact-
independent manner and suggests Blastocystismay be secreting certain virulent

factors that can initiate the apoptotic pathwalE@G-6 cells.

Apoptosis can occur in response to infection wittmerous invasive and non-
invasive pathogens (McCole et al. 2000). It wasoregal recently that many protozoan
parasites including. lamblig C. parvum E. histolyticaand other pathogens particulary
L. monocytogene&. coli, C. difficile (Fiorentini et al. 1998; Kim et al. 1998; Craneakt
1999; Valenti et al. 1999; Huston et al. 2000; MeCet al. 2000; Chin et al. 2002) can
induce apoptosis of intestinal epithelial cellseTdytopathic effects ddlastocystisvere
reported earlier and it was shown to be able tbhabt cellsin vitro (Walderich et al.
1998), but the mechanism of cell death was notstigated. Findings from this study
demonstrate thaB. ratti WR1 can cause apoptosis of intestinal epithelidlls cend
parasite-enterocyte contact is not required. Thesealts suggest th&astocystishas the
potential to cause vivo pathogenic effects without adhering to the gut esac On the
other hand, studies have shown that intestinalgggths in particulakE. histolyticaandC.
parvum and enteropathogendit coli usually establishes contact with the host cells to

cause apoptosis (Crane et al. 1999; Huston e0@0;2vicCole et al. 2000).
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Although the ability ofBlastocystigo adhere to the intestinal epithelium has not
been established, the majority of studies sugd@dastocystisto be a non-invasive
protozoan parasite (Stenzel and Boreham 1996; Tab4)2 Hence, finding that
Blastocystishas the ability to cause apoptosis without adigeton the gut mucosa is
important for its pathogenicity. Numerous intestipeotozoans are reported to secrete
parasitic factors, for example proteases, that aceountable for their virulence
(Rosenthal 1999). It was also shown in previousptdrathat Blastocystissecreted
proteases can degrade human secretory immunogioduand they were suggested to be
parasitic virulence factors. Invasion does not ssagly lead to host cell apoptosis and
there are pathogens that can invade but do notten@gpoptosis (Crane et al. 1999).
Further investigations and characterization Biastocystis secretory products can

subsequently shed more light on its pathogenesis.

Clostridium difficile a cause of diarrhea and colitis in human, prosiucgin B
that can cause apoptosis in intestinal cells wilkclear fragmentation and chromatin
condensation (Fiorentini et al. 1998). It was régadrthatH. pylori colonization causes
increased apoptosis of gastric cells and it wasegmed by the removal of organism
(Moss et al. 1996). Purified lipopolysaccharidetbf pylori has also been reported to

induce apoptosis of epithelial ceifsvitro (Wagner et al. 1997).

Findings suggest thaBlastocystisinduces moderate levels of apoptosis in

intestinal epithelial cells; and this may limit thest inflammatory response, which might

be detrimental to the survival of the parasiteallye it seems that induction of apoptosis
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of host intestinal cells would not be beneficiabtaon-invasive parasite lilastocystis

as it may possibly result in the loss of colonizatisites for the parasite. This
unintentional initiation of host cell apoptosis migoe a host response against some
parasitic factors like proteases which are esdefaraparasite’s own growth and life-
cycle. Extension of these findings in suitable adirmodel would greatly help to

elucidate this issue.

Apoptosis or necrosis of intestinal epithelial setian lead to altered intestinal
barrier function (Bojarski et al. 2000). Findindsogved that the inhibition of caspases in
IEC-6 cells with Z-VAD-fmk has apparently no sigodnt effect on TER and
permeability changes induced IBfastocystis Giardia lamblia parasitic factors have
been reported to increase epithelial permeabiltynducing enterocyte apoptosis (Chin
et al. 2002). This difference in observation maydoe to low percentage of apoptosis
induced byBlastocystis In addition,Blastocystismay have induced non-apoptotic cell
death, such as necrosis, autophagy or paraptostkdBet al. 2005) that may have

resulted into increased epithelial permeability.

In summary, results from the present study regort the first time that
Blastocystisnduces apoptosis in enterocytes and there iseattixolvement of caspase-3.
In addition, it was demonstrated that this apogtosay occur in a contact-independent
manner and suggested tlaastocystisnay secrete virulent factors that can initiate the

apoptotic pathway in IEC-6 cells.
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CHAPTER 5:

EFFECTS OF BLASTOCYSTIS

ON EPITHELIAL TIGHT JUNCTIONS AND

BARRIER FUNCTION



5.1 INTRODUCTION

Intestinal permeability was reported to be considbr increased inB. hominis
patients and it was suggested tBdstocystisinfections may damage the intestinal wall
(Dagci et al. 2002). Many gastrointestinal disosdparticularly bacterial enteritis, celiac
disease and inflammatory bowel disease are reptoté@ associated with a breakdown of
epithelial barrier function (Bjarnason et al. 1995in et al. 2002). The main function of
intestinal mucosa is to provide a barrier that ke&pminal contents separate from the
interstitium. This barrier function can be compread in many diseases and may result in a

leaky barrier and gastrointestinal symptoms ineigdiiarrhea.

Recently it was known that cytoskeleton and tiglmictions play important roles in
regulating the mucosal barrier function (Clayburgh al. 2004). The cytoskeleton, in
particular the actin microfilaments, is key in ntaining cell shape and regulating tight
junction permeability. The organization of actitafents is crucial for the assembly of
intestinal tight junctions (Madara et al. 1986) arsddisorganization may lead to increased
epithelial permeability. Intestinal barrier funatios critically regulated by tight junctions
which consist of a number of transmembrane protgasticularly claudins and occludin,
and cytoplasmic peripheral membrane proteins, diclyzonula-occludens-1 (ZO-1), 2 and
3 and cingulin (Clayburgh et al. 2004). Many tigimictions proteins interact with F-actin
and these interconnections are considered to iz@liile tight junction. Intestinal pathogens

for example Giardia lamblia and Escherichia coliwere reported to rearrange F-actin
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distribution in intestinal epithelial cells and cpramise barrier function (Gerhard et al.

1998).

ZO-1 is a 220-kDa peripheral membrane protein thigracts with tight junctional
occludin at its N terminus and with cytoskeletaadiin at its C terminus. ZO-1 plays an
intermediary role between the cytoskeleton anditite junction and thus has importance in
regulating paracellular permeabilityrig 5.1 (Chin et al. 2002). ZO enterotoxins (Zot)
released by some pathogens bind to Zot receptgnessed on mature intestinal epithelial
cells and in turn cause the displacement of tightgional proteins including ZO-1 (Fasano
et al. 1991). Studies have shown that disruptio©f1 integrity can increase epithelial
permeability and decrease transepithelial eledtnesistance (TER) (Youakim and Ahdieh

1999).

TER is the measurement of electrical physical taste provided by a cell
monolayer. To measure TER, an electrical pulsenown amplitude is passed across the
epithelium and the corresponding transepithelidiage deflection is measured. Ohm's law
is used to calculate electrical resistance and dorrected for system and fluid resistance.
Transepithelial electrical resistance is thoughtbt well correlated with the change in
paracellular permeability of the cell monolayer (Mea 1988). Generally, transepithelial
electrical resistance decreases during many gaggstinal infections and it is inversely
proportional to the permeability of epithelial mdenger. In conclusion, understanding the
pathogen’s effects on regulation of barrier functimay yield new insights into the

pathogenesis of disease that it causes.
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In chapter 4, it was shown thBtastocystiscan cause apoptosis of IECs and it has
been suggested that epithelial cell apoptosis calgethe protozoarG. lamblia can
contribute to the disorders of intestinal permegbi{Chin et al. 2002). In following
experiments, aim was to characterize the effecBlagtocystison tight junctions and the
cytoskeleton of intestinal epithelial cells. In &aduh, it was investigated Blastocystisan

modulate the permeability of the intestinal epitiral.
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Fig 5.1 A simplified schematic of tight junctions.Tight junction protein ZO-1 interacts

with actin filaments and the occludin-claudin coexl Displacement of ZO-1 or

abnormalities in the distribution of F-actin mayeat tight junction integrity and thus barrier

function.
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5.2 MATERIALS AND METHODS

5.2.1 Culture of non-transformed rat intestinal cell line

All experiments were performed with a non-transfedmwat intestinal epithelial cell
line, IEC-6 (ATCC). IEC-6 cell were cultured and imtained as described in chapter 4. The
culture medium was replenished every 2-3 days. Gafility was analyzed by Trypan Blue
assay and only cell cultures with >95% viability reaused. Cells were trypsinized with
0.25% trypsin-EDTA (Gibco) and 2 x 1@ells/ml seeding density was used. Cells were
grown to confluency on poly-L-lysine treated 12 ngtass coverslips. For transepithelial
resistance (TER) and monolayer permeability assalls were grown on 0.6 énMlillicell-

HA filters (Millipore) using 24 well tissue cultuggates (costar)Hig 5.2A).

For the ZO-1 study, HCT8 (ATCC) human ileocecalteglial cells were grown in
RPMI 1640 medium containing 10% FBS, 1 mM sodiumupgte, and 2 mM I|-glutamine
(HCT8 medium). HCT8 cells were grown at 37°C in% &0, environment. Problems of
IEC-6 detachment from coverslips during harsh imosti@aining procedure were
experienced and thus HCT8 cells were used for ZDidy. HCT8 cells also exhibit tight

junctions and have been used to study ZO-1 (Jedeeim et al. 1998).
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5.2.2 Parasite culture and preparation of lysate

Blastocystis rattisolate WR1 was cultured as described in chapt&ive days old
parasites at log phase were washed 2 times inoicelEC-6 complete media at 500 x g for
10 min at 4C. The pellet was resuspended in IEC-6 cell corapieedia, parasites were
counted with a hemocytometer and concentration edjsisted to 1x10 parasites/ml.
Parasites were examined microscopically for thébnity in IEC-6 and HCT8 complete
medium and found to be viable for >48 h in IEC-6/HByrowth conditions. Parasitic lysates

were prepared by 3 freeze-thaw cycles in liquicogien and 3C water bath respectively.

5.2.3 Inoculation protocol and experimental planning

A density of 1 x 10parasites/ml was used for inoculation. Either lparasites or
parasitic lysate were added to the apical sideonfflaent monolayers grown on 0.6 tm
Millicell-HA filters (400 pl). For phalloidin-FITC staining, 2-3 days old confluent
monolayers were used. For TER and epithelial peoifigaexperiments, monolayers grown
on Millicell-HA filters were used 5-6 days afteresitng when they reached peak electrical
resistance of ~3/cn?. In some TER and permeability assays, antiprofozivag
metronidazole (10 pg/ml, Sigma) was added in medwior to addition of live parasites.
Monolayers were washed twice with cold Hanks Bata@n&alt Solution (HBSS, Gibco)

before addition of parasite or lysate suspension.
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5.2.4 Phalloidin-FITC staining of F-actin

IEC-6 cells were grown on poly L-lysine coated glasoverslips and confluent
monolayers were coincubated with live parasitesagtc lysate or 5 ug/ ml cholera toxin as
positive control for 24 and 48 hrs. After incubaticells were washed with PBS and fixed in
3.7% paraformaldehyde in PBS for 5 min. Cells weashed with PBS and dehydrated with
acetone, permeabilized with 0.1% TritonX-100 in P8 washed again in PBS. Cells were
stained with 50 pug/ml phalloidin-FITC conjugate d@n in PBS for 40 min at room
temperature and then washed 5-6 times with PB&rnwve unbound phalloidin conjugate.
Coverslips were mounted on glass slides with flsoeat mounting medium (Vectashield)

and viewed by confocal microscopy (Olympus Fluovievb00).

5.2.5 Tight junctional ZO-1 immunostaining

HCT-8 cells were grown on LabTek chamber slides \i). 4-5 days old
confluent monolayers were used to determine thectesffofBlastocystis rattVWR1 on tight
junctional ZO-1 integrity. Cells were coincubatedhnlive parasite or parasitic lysates for
24 h. Monolayers were washed and fixed with freshgaraformaldehyde in PBS (2 h, RT)
and washed three times with PBS (5 min, RT). Gelise permeabilized with 0.4% Triton
X-100 (15 min, room temperature) and washed thmes with PBS (5 min, RT).
Nonspecific binding was blocked with pure FBS (@ip¢10 min, RT) and washed three
times with PBS (5 min, RT). After this, the monaay were incubated (37°C, 1 h,

humidified chamber) with rabbit polyclonal anti-ZDantibody (1:200 in PBS; Zymed)

121



and washed three times with PBS (5 min, RT). Ninet, nonolayers were incubated (37°C,
1 h, dark humidified chamber) with Goat anti-rad{s conjugated to FITC (1:200 in PBS;
Sigma) and washed three times with PBS (5 min, R&$tly, monolayers were mounted
with fluorescent mounting medium (Vectashield) asglalized by confocal microscopy

(Olympus Fluoview FV500).

5.2.6 Measurement of transepithelial resistance

Transepithelial resistance was determined with dipdre Electrical Resistance
system (Millipore-ERS) Kig 5.2B. IEC-6 monolayers were grown on 12mm Millicell-HA
filters and TER was tested on alternate days itmilached peak TER (~80cnr) by day 6
(Fig. 5.9. Parasites or lysate were added to the apicalafidonfluent monolayers grown on
Millicell-HA filters and coincubated for 12, 24 amtB hr. After coincubation, monolayers
were washed 2 times with HBSS to ensure that gasasiould not affect TER measurements.
400p! warm (37C) complete media was added to the apical compattmed TER was
measured with Millipore-ERS. To avoid fluctuatioinstemperature, TER was measured at
37°C with the aid of a heating plate. Epithelial remise was expressed & cnf. The

complete procedure for measuring TER is explaindtieé appendix V.
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Fig. 5.2 Simplified diagrammatic representation ofMillicell-HA filter inserts and
Millipore electrical resistance system(A) IEC-6 cells were grown on the filter insemda
live Blastocystis rattiWwR1 or parasitic lysates weeglded to the apical compartment to
study transepithelial resistance and permeabil®) Experimental setup for the
measurement of transepithelial resistance showiilfjpbte electrical resistance system
and an electrode with a short and a long leg. Tasme TER, electrodes are immersed in a
way that the shorter electrode is in the apical ganmment of the culture plate insert and
the longer electrode is in the outer well. The ®&oelectrode should not contact cells
growing on the membrane. (Picture of Millipore étmal resistance system is adapted

from www.millipore.com)
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5.2.7 Determination of epithelial permeability by Lucifer yellow

To confirm confluence of cell monolayers grown onilligell-HA filters,
transepithelial resistance was measured with MitBgERS Fig. 5.9. After reaching peak
transepithelial resistance (-<a&n7), the effect oBlastocystion epithelial barrier function
was assessed with Lucifer yellow (482 MW, MolecuRmobes). In brief, after 24 h of
coincubation, apical and basolateral compartmerti® washed gently 3 times with HBSS.
300ul of Lucifer yellow (100pug/ml in HBSS) was adde apical compartment and 500ul of
HBSS was added to the basolateral compartmentr &fte of incubation at 3T in a
humidified incubator with 5% C§£ 250ul of sample was taken from the basolateral
compartment. Fluorescence absorbance was determisgd) wavelengths of 485nm
excitation and 535nm emission. Values were expdessepercent Lucifer yellow passage

across the cell monolayer.
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5.3 RESULTS

5.3.1 Rearrangement of F-actin

The cytoskeleton, in particular the actin micrafilents, is key in maintaining cell
shape and regulating tight junction permeabilitheTorganization of actin filaments is
crucial for the assembly of intestinal tight julocts (Madara et al. 1986). Phalloidin, a fungal
toxin, binds to F-actin with high affinity and stides it. Phalloidin-FITC conjugate was
used to detect changes in F-actin distribution. WWHeC-6 monolayers were coincubated
with B. ratti WR1 live parasites, elongation of cortical aciiarhents, actin disruption, and
formation of stress fibers in the cytoplasmic zeras noticedKig. 5.3. A more pronounced
formation of stress fibers and actin condensati@as woticed in the monolayers incubated
with parasitic lysate and cholera toxin (positiventol) (Fig. 5.3 B and € IEC-6
monolayers in controls showed normal actin distidyuin the cortex zone of cells with
negligible stress fiber formation in the cytoplasmarea Fig. 5.3 D. IEC-6 cells incubated
with live parasites and parasitic lysate for 2zhbvged significantly high percentage of cells
showing stress fibers formation (34.3% and 36.4%g)amparison to controls (5.7%l0dble
5.1). After 48 h coincubation, the percentage of csli®wing stress fiber formation was

slightly higher than at 24 Wable 5.).
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5.3.2 ZO-1 displacement from tight junctions

In tight junctions, ZO-1 acts as an intermedianycfion between the cytoskeleton
(F-actin) and the tight junctional proteins (oceéh)dthus have importance in regulating
paracellular permeability. HCT8 monolayers wereasqal to theBlastocystis rattiWwR1
live parasites and parasitic lysates and perford@dl immunostaining. Result&if. 5.9
show that ZO-1 protein from tight junctions is deged in cells exposed to live parasite
and parasitic lysates whereas control monolyersweto continuous pericellular
organization of ZO-1 typical of a healthy cell. Sigcantly high percentage of cells
showed ZO-1 displacement after exposure to livapte (45.7 + 4.8) and parasitic lysate
(65.0 £ 7.0) in comparison to control cells (9.2.1) (for both, P <0.05 Vs contralable
5.2). In Blastocystis rattiWR1-exposed cells, migration of ZO-1 towards thelaei was

observed.

5.3.3 Decrease in transepithelial resistance

F-actin rearrangement has been associated witlteddlER in a number of studies
(Hecht et al. 1988; Teoh et al. 2000). Hence, arparts were conducted to investigate if
rearrangement of F-actin induced Blastocystiss associated with changes in TER. IEC-6
cell monolayers achieved a peak average resistahe@X/cny after about 6 days from
seeding.B. ratti WR1 caused a significant decrease in transepalhedisistance of IEC-6
monolayers in a time dependent manneig.( 5.5. Epithelial resistance of monolayers

coincubated wittB. ratti WR1 live parasites dropped from 32.2 +1.1 to 27121 Q/cn¥ by
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12 h, from 32.8 1.5 to 24.2 +2®/cm’ by 24 h and dropped further from 32.6 +1.7 to 22.4
+2.6 Q/cn? by 48 h (for allP <0.05 in comparison to control). A similar sigoéint decrease
in TER was observed with parasitic lysate whichgasged that parasitic soluble and non-
soluble products are capable of inducing a decr@asEER. To show that the effect on
transepithelial resistance was due to live pargsi@ntiprotozoal drug metronidazole
(10pg/ml) was added in the incubation medium asdihgy has been reported to induce
Blastocystiscell death (Nasirudeen et al. 2004). Addition cétranidazole to monolayers
coincubated with live parasites, significantly pgeted a reduction in TER after 24 h,
bringing the levels of TER close to control valy€s<0.05 in comparison to monolayers
incubated with live parasites only). In contrassignificant reduction in TER was noted in

monolayers coincubated with live parasites ofig(5.9.

To test if Blastocystisnduced apoptosis of IEC-6 cells plays an impdrtate in
inducing a reduction in TER, monolayers were peggd with general caspase inhibitor Z-
VAD-fmk before coincubation with parasites. Ressl®w that the inhibition of caspases in
IEC-6 cells did not significantly prevent reductiofh TER P =0.07 in comparison with

monolayers incubated with parasites offlig. 5.9.

5.3.4 Increase in epithelial permeability

The effects oB. ratti WR1 live parasites and parasitic lysate on permgabf IEC-

6 monolayers were analyzed by measuring apicahsolateral flux of Lucifer yellow. IEC-6

cells exposed td. ratti WR1 live parasites or parasitic lysates disrugtesl monolayer

127



barrier function as evidenced by an increased @iikucifer yellow across the monolayer
(Fig. 5.79. There was a significant increase in the fluxLotifer yellow in monolayers
coincubated for 24 h with live parasites (22.4%2+P. <0.05), and with parasitic lysates
(22.1% +1.2,P <0.05) in comparison to control monolayers (17.2006% Pretreatment of
IEC-6 monolayers with general caspase inhibitor AWfmk prior to coincubation with live
parasites, did not significantly decrease Lucifalloywy flux (20.6% +0.3,P =0.2 in
comparison to live parasite treated monolayersy)sscmonolayers as compared to parasite
free control (17.2% £0.6). This suggests tBdhstocystianduced apoptosis of intestinal
epithelial cells might not play a major role inmigting epithelial permeability but there are

other factors responsible for this effect.

To prove that changes in permeability of IEC-6 oetinolayer was due to the effect
of live parasites ofBlastocystis antiprotozoal drug metronidazole was added during
coincubation and it was found that it significandlprogated the increased flux of Lucifer
yellow across IEC-6 cell monolayer (18.5% +0R1<0.05 in comparison to live parasite

treated monolayers).
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300um

Fig. 5.3 Effect ofB. ratti WR1 exposure on actin cytoskeletanEC-6 cells were grown
to confluency on poly-L-lysine treated 12 mm glasserslips, stained with fluorescein-
phalloidin and analyzed by confocal microscopy. mirent formation of stress fibers
(arrow) can be noticed in monolayers coincubateth Bi ratti WR1 live parasite (A),
parasitic lysate (B), and 5 pg/ ml cholera toxin & positive control. Negative control (D)
showing normal distribution of F-actin in the cortaone of cells. Bar = 50um

Period of| Cells coincubated | Cells coincubated | Negative | Cells coincubated with

incubation with WR1 live with parasitic lysate | control 5ug/ml cholera toxin
parasite (%) (%) (%) (positive control) (%)

24 hrs 34.3 36.4 5.7 42.8

incubation

48 hrs 37.2 45.7 7.8 60.7

incubation

Table 5.1 Percentage of IEC-6 cells showing stress fibemé&tion in response to
Blastocystis rattWR1 infection (500 cells were counted for each@amn

129



Fig. 5.4 Representative confocal scanning laser micrographfustrating ZO-1
integrity in human HCT-8 epithelial monolayer. HCT-8 cells were grown on
LabTek chamber slides. Monolayers were fixed, palined and immunostained
with rabbit polyclonal anti-ZO-1 antibody. Contnelonolayer (C) exhibits typical
ZO-1 pericellular organization at the periphery ehterocytes. Monolayers
incubated with whole parasite (A) or parasitic tgséB) exhibit focal disruption of
ZO-1 along pericellular junctions (arrows). Bar Gu#n

Cells coincubated with Cells coincubated with Negative control
WRL1 live parasite parasitic lysate
45.7+ 4.8 65.0+ 7.0 9.9+21

Table 5.2 Percentage of HCT-8 cells showing displacement @F1Zat pericellular
junctions. The data present the mean £SD fromf2reiit experiments
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Fig. 5.5 Effect ofB. ratti WR1 on transepithelial resistance of IEC-6 cell maolayers
Confluent monolayers of IEC-6 cells were grown oillisell-HA filters and coincubated
for indicated times with live parasite, parasitysdte or growth media (negative control).
Thereafter, transepithelial resistance (TER) wasasueed using Millipore electrical
resistance system. Live parasite and lysate-treatewblayers showed a significant drop in
TER after 12, 24 and 48h. Values are means = stdrdieviations 1t = 3 per group). P <
0.05 versus negative control for all time points.
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Fig. 5.6 Effect of caspase inhibition and metronideole onB. ratti WR1-induced decrease in
transepithelial resistance of IEC-6 monolayersConfluent monolayers of IEC-6 cells were grown
on Millicell-HA filters and incubated for 24h with Il parasite, live parasites after
pretreatment of cells with broad spectrum caspaisibitor Z-VAD-fmk, or live parasites
along with antiprotozoal drug metronidazole. Mowels incubated with growth media
served as negative control. Thereafter, transdpthesistance (TER) was measured using
Millipore electrical resistance system. Treatmenithwcaspase inhibitior does not
considerably abolisBlastocystisnduced effect but metronidazole treatment abetlisthe
effect significantly. Values are means + standadiations ( = 3 per group). *P = 0.07;

** P < 0.05 (both versus live parasite treated samples)
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Fig. 5.7 Flux measurement with Lucifer yellow.Confluent monolayers of IEC-6 cells
were grown on Millicell-HA filters and incubatedrf@4h with live parasite, live parasites
after pretreatment of cells with broad spectrumpaas inhibitor Z-VAD-fmk, or live
parasites along with antiprotozoal drug metronitlaz®onolayers incubated with only
growth media served as negative control. Perm@&abils determined by measurement of
Lucifer yellow fluxes across the monolayer. Meanuea of two experiments +SD are
shown. Significant increase in epithelial permagbidan be noticed after incubation with
live parasite and parasitic lysate in comparisorcdntrol monolayer. Caspase inhibition
does not considerably abolish tH&lastocystiganduced effect on permeability but
metronidazole treatment abolished the effect sicanitly. Values are means * standard
deviations K = 3 per group). *P = 0.2; **, P < 0.05 (both versus live parasite treated

samples).
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5.4 DISCUSSION

In this study, it was demonstrated tBatratti WR1 rearranges F-actin distribution,
displaces ZO-1, decreases transepithelial elettriesistance, and increases epithelial
permeability across the cell monolayer. Furthermogsults showed that the antiprotozoal
drug metronidazole abolishes the effectsBofratti WR1 on epithelial barrier function.
Together, these findings suggest for the first timat Blastocystisnduced disruption of
the epithelial barrier function may lead to the hopmenesis ofBlastocystiselated

gastrointestinal symptoms.

A variety of intestinal pathogens have been showrtduse changes in F-actin
arrangement in intestinal epithelial cells (TeolaleR000) and it was reported that dynamic
rearrangements of F-actin contribute to an increéaspithelial permeability (Hecht et al.
1988) and affects regulation of epithelial salt avater transport (Matthews et al. 1994)
which may consequently lead to diarrhB&astocystishas been shown to cause cytopathic
effects in Chinese Hamster Ovary cells (Walderichle1998) but its effects on intestinal
epithelial cytoskeleton and barrier functions waret reported. The present study
demonstrates for the first time thakastocystisadversely affects the cytoskeletal proteins
in intestinal epithelial cells, causing a rearrangat of F-actin distribution. IEC-6 cells
exposed to livéB. ratti WR1 and parasitic lysate showed enhanced formafi@ondensed
actin filaments in cells. A significant number &Q-6 cells exhibited the formation of

stress fibers in cytoplasmic zone of cells.
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Findings thatB. ratti WR1 causes apoptosis of intestinal epithelial dgifevious
chapter) and rearrangement of F-actin and ZO-Tiloigion, prompted us to assess the
effect of Blastocystison transepithelial electrical resistance and pabiligy. An in vitro
model involving confluent monolayers of IEC-6 celisown on filters were used and
findings demonstrated that on interactions witlcapsurface of the epithelial celB, ratti
WR1 causes significant decrease in epithelial tst® and increase in permeability across
monolayers. The intestinal mucosa forms a barhiar $eparates luminal contents from the
interstitium and the intestinal barrier can becoooenpromised in parasitic infections,
bacterial infections, and in many intestinal digsasn particular inflammatory bowel
disease (Clayburgh et al. 2004). Intestinal barfugrction is mainly regulated by tight
junctions and the function of tight junctions cam Ineasured as a decrease in
transepithelial electrical resistance and an irsaa paracellular flux of macromolecules

(Berkes et al. 2003).

Studies have suggested thaastocystismay interact with epithelial cells of the
gastrointestinal tract to modulate their transpdraracteristics and increase intestinal
permeability (Dagci et al. 2002n vitro findings from this study show for the first time
that Blastocystishas the ability to disrupt barrier function of thrgestinal epithelium.
Results consistently showed an increase in tratisdjail flux of Lucifer yellow with
decrease in TER in the IEC-6 monolayers exposelivéoB. ratti WR1 and parasitic
lysates. Results from experiments suggest Biastocystisnduced F-actin and ZO-1
rearrangement is associated with reduced TER aededl permeability. The cause of

Blastocystisassociated diarrhea is so far unidentified, buassociation between increase
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in epithelial permeability and diarrhea has beescdbed for other diseases (Madara 1988;
Madara 1990). It is possible thBtastocystisinduced changes in permeability may also

occurin vivo and lead to electrolyte imbalance and diarrhea.

It was observed that monolayers coincubated ®ithatti WR1 live parasite in the
presence of metronidazole, did not show any chamdparrier function and retained their
normal TER and epithelial permeability. This fingisuggests that the effect on monolayer
barrier function was due to live parasite only aedd parasites cannot induce such effects
on epithelial TER and permeability. Metronidazadeknown to induce programmed cell
death in Blastocystisand plasma membrane integrity of parasite remgreserved
(Nasirudeen et al. 2004), therefore there is n&dga of intracellular parasitic proteases
and other products that can induce an effect on aEiRpermeability. However, a change
in TER and permeability was noticed in the monotayaincubated with parasitic lysates
as it contains all parasitic soluble or non-solyirleducts which would have resulted in the
observed effectG. lamblialive parasite and parasitic lysates were showaxtobit similar
effects on intestinal epithelial cytoskeleton ar€RT(Teoh et al. 2000). In this study, it was
also found thaB. ratti WR1 live parasite and parasitic lysates have aineffects on F-

actin distribution and epithelial barrier function.

Previously, it has been reported tRathistolyticatrophozoite can decrease TER of
enteric monolayers (Leroy et al. 2000). In contrastthis study, coincubation dE.
histolytica parasitic lysate with human colonic epithelial rolayer failed to lower

epithelial resistance indicating that the increiaspermeability was not due to the release
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of proteinases or other cytotoxic molecules (Lezbgl. 2000). It appears that histolytica

induces increase in permeability by invasion ang ttirectly damaging the epithelium.

The need to treaBlastocystisinfections is controversial because of its underta
pathogenicity. There is a lack of standardizedttneat for Blastocystisinfections and
studies have shown that metronidazole inhibitsgifeavth of BlastocystisgMoghaddam et
al. 2005). In clinical cases wheBdastocystiss implicated for gastrointestinal symptoms,
metronidazole is a drug of choice (Tan 2004). Ressthow that metronidazole can avert
the adverse effects @&lastocystison intestinal epithelial barrier function and seggthat

metronidazole is a therapeutic drug Blastocystisnfections.

In summary, results from the present study showHerfirst time thaBlastocystis
was able taearrange F-actin and ZO-1 distribution and disegathelial barrier function;
and metronidazole could abrogate these effectaddiition, the current findings show that
IEC-6 monolayers grown on permeable filters provadasefulin vitro model for studying

the interactions oBlastocystisvith intestinal epithelial cells.
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CHAPTER 6:

HOST CELL INTERLEUKIN-8 RESPONSE

AGAINST BLASTOCYSTIS



6.1 INTRODUCTION

In previous experiments, it was reported thatBlestocystis rattWR1, an isolate
of zoonotic potential (Yoshikawa et al. 2004a; Neélal. 2005), can induce contact-
independent apoptosis and disrupt barrier funatidiC-6 cells. It was also showed that it
possesses proteases a fraction of which could dedraman secretory immunoglobulin A
(slgA). Reports suggested that this parasite carsecacute and chronic gastroenteritis
(Nimri and Batchoun 1994); and inflammation of stteal mucosa was associated with
Blastocystisinfections (Kain et al. 1987; Russo et al. 198&ravelli et al. 1992;
Zuckerman et al. 1994). Intense infiltration oflamhmatory cells in the colon was shown
after Blastocystisnfection in mice (Moe et al. 1997) and it wasadpd thatBlastocystis
modulates interleukin-8 (IL-8) response in intestiepithelial cells (Long et al. 2001),
however nothing is known about the parasitic vinake factors and the early events
occurring in host cells followinglastocystishost interactions. Proteases from protozoan
parasites are known to play significant roles ithpgenesis (McKerrow et al. 1993; Sajid
and McKerrow 2002) and proteases from some pattsolawe been reported to induce the

production of proinflammatory cytokines from hostls (Borger et al. 1999).

IL-8 (CXCLB8) is a CXC chemokine which attracts polyrphonuclear leukocytes
to the site of inflammation, activates monocytesd snconsidered to play an important role
in the pathogenesis of inflammatory diseases (Opgienet al. 1991; Charo and Ransohoff
2006). Expression of the IL-8 gene is regulatecalmumber of pathways and its promoter

region has binding sequences for a range of trgoigor factors including NReB, NF-IL-6,
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and AP-1 (Mukaida et al. 1994). In most cell typastivation of NF«B is the most
important step for IL-8 gene transcription (Moriatt 1999). In unstimulated cells, NdB
exists in an inactive form in the cytoplasm, boundinhibitory proteins calledkBs.
Stimulation by various inducers may activate a aligig cascade that culminates in the
phosphorylation ofdBs, resulting in the degradation @Bl proteins (DiDonato et al. 1997)
and the released N#B translocates to the nucleus to activate targeegieNumerous
pathogens includinglelicobactor pylori(Beswick et al. 2006):scherichia coli(Dahan et
al. 2002), andBacteroides fragilis(Kim et al. 2002) have been shown to induce IL-8

production from host cells via NEB activation.

In this chapter, aim was to investigataifratti WR1 is capable of inducing IL-8
response from intestinal epithelial cells. Moregyrasitic factors and molecular events
responsible for this IL-8 induction were furthevastigatedIt is demonstrated for the
first time, thatB. ratti WR1 cysteine proteases can activate IL-8 geneessgpn in
human colonic epithelial cells. Furthermore, isi@wn that NReB activation is involved
in the production of IL-8. In addition, findings ®h that the antiprotozoal drug

metronidazole treatment can decrease IL-8 produatiduced byB. ratti WR1.
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6.2 MATERIALS AND METHODS

6.2.1 Parasite culture and preparation of lysate

B. ratti WR1, an axenized zoonotic isolate was used ingtuidy and cultured as
described in previous chapters. In brief, parasitese cultured in pre-reduced Iscove’s
Modified Dulbecco’s Medium (IMDM) supplemented witl®% inactivated horse serum
(Gibco) and incubated anaerobically al@7n an ANAEROJAR (Oxoid, UK). 4-5 days
old parasites at log phase were washed 2 timasicgald T84 cell complete medium at
500 x g for 10 min at’C. The pellet was resuspended in T84 cell mediupplsmented
with only 0.5% fetal bovine serum, parasites wesanted with a hemocytometer and
concentration was adjusted to 1%1(parasites/ml. Parasites were examined
microscopically for their viability in this T84 dehedium and found to be viable for >48
h in T84 growth conditions. Parasitic lysates werepared by 3 freeze-thaw cycles in

liquid nitrogen and FC water bath respectively.

6.2.2 Colonic cell culture, inoculation protocol and expemental planning

T84 human colonic carcinoma epithelial cells welbngamed from American Type
Culture Collection. T84 cells are considered a gwoditro model to study IL-8 (Yu and
Chadee 1997) and these cell lines have been widsdy in other studies involving host
cytokine responses (Yu and Chadee 1997; Zhou €084; Bandyopadhaya et al. 2007).

T84 cell stock was maintained in T-75 flasks inuanidified 37C incubator with 5% C©
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and passages 20-25 were used for all experimehéscdmplete growth medium consisted
1:1 mixture of Dulbecco modified Eagle medium arahts F-12 (DMEM/F-12) (Sigma)
supplemented with 5 % heat inactivated fetal bowseeum (Gibco). Cell viability was
analyzed by Trypan Blue assay and cell culture® w5% viability were used for the
experiments. Cells were trypsinized with 0.25% $iggEDTA (Gibco) and seeded in 6
well plates (Costar) and grown to 75-80 % conflyefor all experiments. In some assays,
cells were grown to confluency on collagen (BD)tedal2 mm glass coverslips in 12 well
tissue culture plates (Costar). As described preshio a concentration of 1xiparasites or
equal parasitic lysate per 1 ml medium was usedlf@xperiments. Either live parasites or
parasitic lysate were added to T84 cells grown well or 12 well plates and coincubated
for indicated time points in humidified %2 incubator with 5% C@ Culture medium was
changed one day before experiments and fresh ctenpledium supplemented with only
0.5 % heat inactivated fetal bovine serum was wh@thg incubation with parasite or

parasitic lysate.

In protease inhibition experiments, parasitic lgsaivere preincubated for 1 hr in
T84 complete medium containing one of the followingibitors: EDTA, E-64, Pepstatin
A (all 20uM); PMSF (1uM), and iodoacetamide (5M). For antiprotozoal drug treatment,
live parasites were pretreated in complete mediuth ®%0 ug/ml metronidazole (Sigma)
prior to experiments. In some experiments, for®-inhibition, T84 cells were pretreated
for 3 hr in complete medium containing 3 BAY11-7082 (Sigma). Cholera toxin (5
pg/ml) was added in the medium in some experimastsa positive control for the

production of IL-8.
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In addition to T84 cells, just to study reprodukiipiin another cell line, human
colon adenocarcinoma cells HT29 (ATCC) were usedNFB nuclear translocation
experiment. HT29 culture medium consisted of Dutibemodified Eagle medium (DMEM,

Sigma) and 10 % heat inactivated fetal bovine sdi@ico).

6.2.3 ELISA & real-time reverse transcription-polymerase chain reaction (RT-

PCR) for interleukin-8

An IL-8 enzyme-linked immunosorbent assay (ELISA)(R & D) was used to
measure IL-8 in the supernatants of T84 cell cawo-incubated witB. ratti WR1 live
parasite or parasitic lysates for various time f®iRor real-time PCR, total cellular RNA
was extracted by single-step method using Trizageat (Invitrogen). First strand cDNA
was synthesized with li)g RNA using SuperScript Il RT (Invitrogen) follovgn
manufacturer’'s instructions. The quantitative tgake PCR was performed with an
Applied Biosystems 7500 instrument (Applied Biogyss) using SYBR Green PCR core
reagents (Applied Biosystems). The reaction cood#iwere designed as follows: initial
denaturation at 95C for 10 min, followed by 40 cycles of 15 s a @5 1 min at 60 C,
and finally 15 s at 95C, 1 min at 68 C and 15 s at 95C. Relative quantitation of IL-8
MRNA was calculated bACt method and the amount of the target relative &pth
actin mRNA was expressed a&#". The primers used were: IL-8 sense (5' ATGACT

TCCAAGCTGGCCGTGGCT 3’) and antisense (5° TCTCAGCGIOMCAAAAAC
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TTCTC 3’); p-actin sense (TGACGGGGTCACCCACACTGTGCCCATCTA 3’)dan

antisense (5" CTAGAAGCATTGCGGTGGACGATGGAGGG 3).

6.2.4 Western blot for 1kB-a

T84 cells grown on 6 well plates were expose@® toatti WRL1 live parasite and
parasitic lysate for 6 h were first lysed in cgbik buffer (50 mM Tris—HCI pH 8.0, 150
mM EDTA, 1% Triton X-100, 0.5% SDS and proteasabitbr cocktail). Equal amounts
of proteins were loaded on 10% polyacrylamide gel $DS-PAGE in the Mini-
PROTEAN Il system (Bio-Rad) and blotted onto niglhglose membrane (Amersham).
After blocking with 5% nonfat milk in TBST (10 mMriB—HCI, pH 7.5, 100 mM NacCl
and 0.1% Tween-20), the membrane was probed fiitst rabbit anti-kB-o antibody
(Santa Cruz) and then with HRP-conjugated goatrabtit secondary antibody (Santa
Cruz). Rabbit anti-actin antibody (Sigma) was usada loading control. Blots were
developed on Hyperfilm ECL (Amersham) using chenmiinescent ECL Plus Detection
Reagent (Amersham). Density of bands was quantifigda gel documentation and

analysis system (Gel Doc XR, Bio-Rad).

6.2.5 EMSA and measurement of NFB activation by ELISA

Nuclear extracts were prepared using a NE-PER aucénd cytoplasmic

extraction reagent kit (Pierce) and electrophoretmbility shift assay was performed

according to manufacturer’s protocol using LightSlohemiluminescent EMSA kit
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(Pierce). Target DNA sequences were used as dedcpghkeviously (Sun et al. 2006).
Oligonucleotide duplexes containing either wildgyNF«B binding site (sense strand,
5 GATCCGTGGAATTTCCTCTG 3) present in the IL-8 prmter or a mutant NkB
binding site (sense strand, 5’ GATCCGTTAACTTTCCTC3BG were biotinylated at 3’

end (synthesized by'Base, Singapore).

In a separate experiment, the NB-activity was measured with a commercial
ELISA kit (TransAM NF«B p65 Assay Kit; Active Motif) as described by méamturer.
In brief, this assay uses a 96 well plate coated am oligonucleotide containing the NF-
kB consensus binding site (5-GGGACTTTCC-3’). Theaiax form of NF«B in the
nuclear extracts binds to the consensus site atattdd by a primary antibody specific
for the activated p65 of NkB. A HRP-conjugated secondary antibody is then dsed
the colorimetric quatification by spectrophotomedity450nm. Results are expressed as

fold increase over the control group.

6.2.6 Immunostaining for NFkB nuclear translocation

T84 cells grown on collagen coated glass coversig® exposed tB. ratti WR1
parasitic lysate for 6 h and fixed in 2 % parafoldeyde for 30 min. All procedures
were carried out at room temperature. Monolayersewegermeabilized with 0.25 %
Triton-X 100 for 15 minutes and washed 3 times VABS (1 minute each). Monolayers
were blocked with blocking solution (Protein BlodkAKO) for 10 minutes and solution

was decanted. Monolayers were incubated for 1 h wit00 dilutions of rabbit anti-NF-
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kB p50 antibody (Santa Cruz) diluted in 0.2 % boviserum albumin and were
subsequently washed 3 times with PBS (5 minutek)e&=ells were incubated for 30
minutes in the dark with 1:200 dilutions of a Cy@jugated sheep anti-rabbit secondary
antibody (Sigma) diluted in 0.2 % bovine serum albu Monolayers were washed 4
times with PBS (5 minutes each) and mounted witlimtiog medium (Vectashield) with
4’, 6-diamidino-2-phenylindole (DAPI) to countenstahe nucleus. Monolayers were
visualized by fluorescent microscopy (Olympus) amdges were captured using the

Image Pro software.

146



6.3 RESULTS

6.3.1 Cysteine proteases &. ratti WR1 induce IL-8 production

To assay for IL-8 protein in culture supernatai®} cells were incubated with.
ratti WRL1 live cells or lysates for various time poimds shown inFig. 6.1, significant
production of IL-8 protein occurred 12, 24 and 48fter stimulation withB. ratti WR1
live parasite (166 + 22, 482 + 58, and 620 + 6(vpgespectivelyP < 0.05) and with
parasitic lysates (260 + 25, 654 + 64, and 802 #p8/ml respectively)B. ratti WR1
induced-increase in IL-8 was significantly inhilitevith the use of protease inhibitor
cocktail for 12, 24, and 48 hrs (149 + 16, 395 +4£92 + 34 pg/ml respectivel, < 0.05
in comparison to lysate). These observations sughes B. ratti WR1 proteases are
involved in the induction of IL-8 from T84 cells.rdtreatment of liveB. ratti WR1
parasites with the antiprotozoal drug metronidazdmificantly retarded the ability of
parasites to induce increase in IL-8 productioh2at24, and 48 h (111 £ 8, 289 * 26, 429

+ 15 pg/ml respectively? < 0.05).

To study the type of particular protease involvdidferent protease inhibitors
were used and it was found that cysteine protedsbiiors iodoacetamide (243 £ B;=
0.002), and E-64 (265 + 23 pg/nP, = 0.007) significantly inhibited IL-8 increase
induced by parasitic lysates at 24 ig( 6.2. A less significant reduction in IL-8
production is also seen with aspartic proteaséitdripepstatin A (426 £ 5 = 0.048).

Insignificant inhibition is noticed with serine amdetallo protease inhibitors, PMSF and
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EDTA respectively. These findings suggest tBatratti WR1 cysteine proteases are
mainly responsible for the induction of increaséd8lfrom T84 cells and aspartic

proteases also contribute to some extent to ILe@yction.

6.3.2 B.ratti WR1 cysteine proteases increase IL-8 mMRNA levels human colonic

cells

To determine whetheB. ratti WR1 or its cysteine proteases can increase IL-8
MRNA expression, T84 cells were co-cultured vBthratti WR1 live parasite or lysate
for 12 h. Total RNA extracted from the cells wagdisor real-time reverse-transcriptase
(RT)-PCR and3-actin was used as a housekeeping gene. As shokig.iB.3 there was
a marked increase in the expression of IL-8 MRNA®4 cells after co-incubation with
B. ratti WR1 lysate (~4 fold) and live parasite (~3 fold). Wgsate induced IL-8 mMRNA
expression levels were significantly inhibited whan cysteine protease inhibitor
iodoacetamide was used (~1.4 fold). To find ouhd NF«B pathway is activated upon
exposure td. ratti WR1, T84 cells were pretreated with a KB4inhibitor BAY11-7082
and co-incubated with parasitic lysate. BAY11-708arkedly decreasefl. ratti WR1-
induced increase in MRNA levels (~1.7 fold). Altdgat these findings indicated tHat
ratti WR1 cysteine proteases are capable of increas#& mRNA in human colonic

T84 cells with involvement of the NEB pathway.
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6.3.3 B.ratti WR1 degrades kB-a and activates NFKb

One of the key pathways for NéB activation involves the phosphorylation of
IxBs, which is followed by degradation ofBs and subsequent translocation of AB--
dimers from the cytoplasm to the nucleus. Henceetigs of kB-a degradation were
examined by western blot analysis in T84 cells aituced with B. ratti WR1 live
parasite or lysate for 5 h. As shownFig. 6.4 cells incubated with parasitic lysate and
live parasite show significant degradation @Bdo (74.7% and 55.8% degradation
respectively). Use of cysteine protease inhibitmitoacetamide decreased tBe ratti
WRL1 lysate induced degradation @Bla (43.5%). Similarly, pretreatment of T84 cells
with NF«B inhibitor BAY11-7082 also decreased tBe ratti WR1 lysate induced-

degradation ofdB-a (34.7 %).

To determine NReB binding activity with the IL-8 promoter, oligonigotide
duplexes containing wild-type N&B binding site present in the IL-8 promoter weredis
in EMSA. Stimulation of T84 cells witB. ratti WR1 lysate for 6 h caused NdB/DNA
binding activity in nuclear extracts of T84 cellsd. 6.5. EMSA with a mutant NkeB
oligo-duplex did not show any NEB/DNA binding. A decreased NkEB/DNA binding
activity was noticed when T84 cells were pretreatétt NF-«B inhibitor BAY11-7082.
To measure the NkB p65 activity, nuclear extracts were subjected g&pecific ELISA.
As shown inFig. 6.6 coincubation of T84 cells witlB. ratti WR1 lysate caused a

significant increase in NkB p65 activity P < 0.05). Pretreatment of T84 cells with NF-
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kB inhibitor BAY11-7082 significantly inhibited thd3. ratti WR1 lysate induced

increase in NReB p65 activity.

6.3.4 Nuclear translocation of NFxB

The most commonly found form dfF-«xB is a hetero-dimer composed of the p50
and p65 subunits. In unstimulated cells, RB-resides in the cytosol in the inactive form
bound to inhibitory #B proteins. Various stimuli initiate a series ajrgling events that
culminate in the phosphorylation and degradationlds. Activated free NFRB
translocates to the nucleus and stimulates trgstgmmi by binding to correlatedB sites
in the promoter regions of various target genesvisoalize the nuclear translocation of
NF-kB, immnohistochemistry was performed on T84 celholayers stimulated for 6 h
with B. ratti WR1 lysatesKig. 6.7). Monolayers were probed with rabbit anti-MB-p50
antibody and a Cy3-conjugated sheep anti-rabbibrstary antibody was used for
visualization. Nuclei were counterstained with DARb determine the cellular
localizationof p50. T84 cells exposedBo ratti WR1 lysate show nuclear translocation
of p50 subunitiig. 6.7, image £ Control cells showed a normal cytosolic locdi@a
of p50 Fig. 6.7, image F A significant increase in the percentage ofcalhowing
nuclear translocation of NEB p50 was observed after exposureBtaratti WR1 lysate

(P < 0.05) distogram, Fig. 6.

In addition to the T84 cells, it was investigatedlastocystiscan induce

NF-kB activity in HT29 (human colon adenocarcinoma)élig. 6.8shows the nuclear
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translocation of NReB p50 in HT29. A significant increase in the pertege of cells
showing nuclear translocation of NdB- p50 was observed after exposur8taatti WR1

lysate P < 0.05 versus controlHistogram, Fig. 6.8
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Fig. 6.1 Induction of IL-8 production in human intestinal epithelial T84 cells by
Blastocystis ratti WR1. Cells were grown to confluency in 12 well tissudture plates.
T84 cells were co-incubated wiBlastocystis rattWR1 for 12, 24, and 48 h. The IL-8
concentration in supernatants was measured by ELV8R1 live parasite and lysate
induce significant increase in IL-8 production irtime-dependent manner P < 0.05
versus negative control for each time point). Us@rotease inhibitor cocktail reduced
the WR1 lysate-induced IL-8 production significgntt* P < 0.05 versus WRL1 lysate).
Pretreatment of live parasites with antiprotozaaldmetronidazole significantly reduced
the IL-8 production induced by WR1 live parasit® & 0.05 versus live WR1 parasite).
Treatment of cells with only protease inhibitor ki@l did not show any significant
effect on baseline production of IL-8. To know Xperiment is working, purified cholera
toxin was used as a positive control for IL-8 intimie. Values are mean + S € 3).
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Fig. 6.2 Effect of protease inhibitors on IL-8 prodiction from T84 cells induced by
Blastocystis ratti WR1. Cells were grown to confluency in 12 well tissudture plates.
T84 cells were co-incubated for 24 h with WR1 lgsatetreated with one of various
protease inhibitors. The IL-8 concentration in sunpéants was measured by ELISA.
Cysteine protease inhibitors, iodoacetamide and H¥tst significantly reduce the WR1
induced IL-8 production from T84 cells ® = 0.002,” P = 0.007; both versus WR1
lysate). Considerable reduction in IL-8 producti®seen with aspartic inhibitor pepstatin
A (* P = 0.04 versus WR1 lysate). Minimal inhibition i®served with serine and
metallo protease inhibitors, PMSF and EDTA respetyi Values are means + SBD £
3).”P < 0.02 versus control.
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Fold increase in IT-S mRNA

Fig. 6.3 Blastocystis rattit WR1 induces up-regulation of IL-8 mRNA levels in B4
cells T84 cells were co-incubated with WR1 live paesit parasitic lysate for 12 h.
Total cellular RNA was isolated and IL-8 afieactin mRNA levels were measured by
guantitative real-time RT-PCR as described in ‘Mate and Methods’. WR1 lysate
causes significant increase in IL-8 mMRNA levelggrificant decrease in IL-8 mMRNA
levels is noticed after treatment with MB-inhibitor BAY11-7082 and cysteine protease
inhibitor iodoacetamide. The fold increase in IILARNA relative to untreated T84 cells
was calculated for each experiment based on idt@raatin controls. Values are means
+ SD (0 = 3). *P < 0.05 versus contrdfP < 0.05 versus WR1 lysate.
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Fig. 6.4 Blastocystis ratti WR1 exposure to intestinal epithelial cells causel«B-a
degradation. WR1 live parasite or lysate co-incubation witBdTcells resulted inkB-a.
degradation at 5 h shown in a representative restiita-actin loading conrol. The cell
lysates were analyzed by Western blot using anlaBti antibody. Pretreatment of cells
with NF«B inhibitor BAY11-7082 resulted in decreased&Bia degradation.
lodoacetamide, a cysteine protease inhibitor, dese@ WR1 lysate-induced degradation
of IkB-a. Histogram represents densitometry values explessarbitary units
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Fig. 6.5 Representative electrophoretic mobility sft assay (EMSA) shows NF-
kB/IL-8 promoter binding activity in nuclear extracts. Cells were grown to
confluency in 12 well tissue culture plates. Nucleatracts were prepared using a NE-
PER nuclear and cytoplasmic extraction reagentakd electrophoretic mobility shift
assay was performed using LightShift chemiluminesdeMSA kit. T84 cells co-
incubated with WR1 lysate for 6 h. No N\dB/DNA binding is observed in mutant NF-
kB oligo-duplex incubated with nuclear extract, wiyghe NF«B oligo duplex without
nuclear extract, and control. Pretreatment of T8Uscowith NF«B inhibitor BAY11-
7082 resulted in decreased WR1 induceddBAONA binding.
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Fig. 6.6 Histogram showing fold increase in NReB activity in nuclear extracts of
T84 cells Cells were grown to confluency in 12 well tissudture plates. Cells were co-
incubated with WR1 lysate for 6 h and NB- activity in the nuclear extracts was
measured by specific ELISA. Exposure to parasiigates significantly increased the
NF-«xB activity in T84 cells. Pretreatment of cells wittF«B inhibitor BAY11-7082
resulted in decreased NdB activity. Values are means + SB £ 3). * P < 0.05 versus
control;*P < 0.05 versus WR1 lysate.
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Fig. 6.7 Representative micrographs showing nucleatranslocation of NF«B in
intestinal epithelial T84 cells following exposurgo Blastocystis ratti WR1. T84 cell
monolayers were grown on collagen coated glassrstip® and co-incubated with WR1
lysate for 6h. Monolayers were fixed and first inated with rabbit anti-NkB p50
antibody and then with Cy3 conjugated sheep abtita secondary antibody.
Monolayers were mounted using mounting medium domg DAPI to counterstain
nucleus and visualized by fluorescent microsco®d dells exposed to WR1 lysate show
nuclear translocation of the p50 subunit (A-C). Calncells exhibit normal perinuclear
localization of p50 (D-F). All micrographs were alted at a magnification of x400.
(Arrow: p50 localization; arrowhead: nucleus). Frtma histogram, a significant increase
in the percentage of cells showing nuclear tramgion of NFxB p50 can be noticed in
cells exposed to WR1 lysate. The percentage ofs cefth NF«xB p50 nuclear
translocation was calculated from observation oD Ztells in three independent
experiments. Values are means = SIP.< 0.05 versus control.
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Fig. 6.8 Representative micrographs showing nucledranslocation of NF-«kB in
intestinal epithelial HT29 cells following exposureto Blastocystis ratti WR1. HT29
monolayers were grown on collagen coated glassrslipe and co-incubated with
parasitic lysate for 6h. Monolayers were fixed &irgt incubated with rabbit anti-NkB
p50 antibody and then with Cy3 conjugated sheep-rabbit secondary antibody.
Monolayers were mounted using mounting medium domg DAPI to counterstain
nucleus and visualized by fluorescent microscopy2#¥ cells exposed to WR1 lysate
show nuclear translocation of the p50 subunit (A-Cpntrol cells exhibit normal
perinuclear localization of p50 (D-F). All microgias were obtained at a magnification
of x400. (Arrow: p50 localization; arrowhead: nud® Histogram shows a significant
increase in the percentage of cells showing nucdleaslocation of NReB p50 in cells
exposed to WR1 lysate. The percentage of cells WEkB p50 nuclear translocation
was calculated from observation of 200 cells ire¢hmdependent experiments. Values
are means + SD. P < 0.05 versus control.
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6.4 DISCUSSION

In previous chapters, the protease activitpofatti WR1 andB. hominisB was
reported; and it was also shown tBahominisB andB. ratti WR1 proteases can degrade
human secretory immunoglobulin A. It was also destiated thaB. ratti WR1 induces
contact-independent apoptosis, F-actin rearrangeraed barrier function disruption in
IEC-6 cells. These studies suggested tBatratti WR1 secretory products exert
detrimental effects on host cells and warrant rtimvestigations. Phylogenetic data
suggest thaBlastocystisis a zoonotic parasite and animal to human trassons are
common (Yoshikawa et al. 2004a; Noel et al. 2008gstinal inflammation and edema
was reported in patients infected wBlastocystigKain et al. 1987; Russo et al. 1988;
Garavelli et al. 1992; Zuckerman et al. 1994). Imarine model, intense infiltration of
inflammatory cells in colon and inflammation witlleanatous lamina propria in the
cecum and colon was reported followiBfastocystianfection (Moe et al. 1997). One
vitro study showed thaBlastocystismay modulate IL-8 response in intestinal epithelia
cells (Long et al. 2001). Taken together, theseefagions suggest th&lastocystis
induced intestinal inflammation is mediated by Ilre&ruitment of inflammatory cells

and some secretory parasitic factors are resp@sibthis.

It has been reported th&. histolytica cysteine proteases are involved in the
production of IL-8 from intestinal epithelial cellnd these proteases also induce gut
inflammation (Zhang et al. 2000). Results demonstthatB. ratti WR1 induces IL-8

production from colonic epithelial T84 cells inimé-dependent manner. Use of protease
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inhibitors showed that cysteine proteaseB.afatti WR1 were mainly responsible for the
induction of IL-8 production. Moreover, increasgdakine production was paralleled by
increase gene transcription. Numerous pathogenstragatestinal pathogens [ikE.
histolytica (Eckmann et al. 1995) . parvum(Seydel et al. 1998%almonella E. coli
(Eckmann et al. 1993), andbrio cholerae(Rodriguez et al. 2001) are known to induce
IL-8 production from the intestinal epithelium. éstinal epithelial cell production of IL-
8 causes influx of inflammatory cells into the stieal mucosa with resultant tissue
damage and gastrointestinal disturbances. It wperted that invasion of intestinal
epithelium by pathogens is not necessary for tdadhon of inflammation (Berkes et al.
2003) and sinc8lastocystids non-invasive parasite, secreted products floenparasite
might initiate the inflammatory process by actingticell surface receptors. Althoudh,
histolyticais an invasive protozoan, it can also induce Ke8retion from human colonic
epithelial cells without parasite-enterocyte cohi@atu and Chadee 1997). Zhang et al.
(2000) showed that the expression of cysteine prages byE. histolyticais crucial to
cause intestinal inflammation and tissue damagerioebic colitis. In a human intestinal
xenograft model, they demonstrated tRathistolyticatrophozoites deficient in cysteine
proteinase production failed to induce IL-1B, ILa®d subsequent gut inflammation.
They showed that amoebic cysteine proteinases Hateconverting enzyme (ICE)
activity which might stimulate the production of-8.in adjacent intestinal cells through
induction of NF-kB and cause intestinal inflammati&imilarly, Blastocystisproteases,
in a contact-independent manner, may initiate neéiated inflammatory processes that

ultimately lead to gastrointestinal symptoms.
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It was observed that metronidazole treatmentBofratti WR1 live parasites
markedly reduced the induction of IL-8 productiooni T84 cells. Metronidazole
induces programmed cell deathBlastocystisand plasma membrane integrity of parasite
remains preserved (Nasirudeen et al. 2004), thereh®re is no leakage of intracellular
parasitic proteases and other products that camcedhigh IL-8 response. As
metronidazole inhibits nucleic acid synthesis irragde, it will in turn inhibit the
parasites ability to produce proteases. Howevepranounced IL-8 response was
observed when T84 cells were exposed to paragsiatés as it contains all parasitic
soluble and non-soluble products. It was previouslyown in chapter 5 that
metronidazole can avert the adverse effecB. ahtti WR1 on intestinal epithelial barrier
function. Altogether, these findings suggest therdapeutic potential of metronidazole in

Blastocystisnfections.

This study investigated the molecular mechanismwligh IL-8 gene expression
is regulated in colonic epithelial cells after egpee toB. ratti WR1. Firstly, it is
demonstrated tha®. ratti WR1 can degradexB-a and the use of a cysteine protease
inhibitor markedly inhibited the degradation afBlo suggesting the involvement of a
parasite-derived cysteine protease. Secondly,teefoin EMSA demonstrated that NF-
kB is involved in the induction of IL-8 promoter aaty in colonic epithelial cells. NF-
kB plays a pivotal role in intestinal inflammationdaboth invasive and non-invasive
enteric pathogens can trigger the inflammatory @adscthrough activation of NkB
(Berkes et al. 2003). In most cells, including stigal epithelial cells, activation of NF-

kB is critical for inducible expression of the pridammatory response genes. NB-
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mediated induction of IL-8 has been reported in ergus enteric pathogens like.
pylori (Beswick et al. 2006%. coli(Dahan et al. 2002), aél fragilis (Kim et al. 2002).
Protozoan parasites like. histolytica(Zhang et al. 2000) an@. parvum(Chen et al.
2001) are also capable of activating NB- in host cells. Results from
immunohistochemistry also support these findings$ sllow nuclear translocation of NF-
kB. The finding thatB. ratti WR1 has the ability to activate N& has important
implications since other NkB responsive genes like IL-1 and IL-6 may also thected

in Blastocystignfections, which may lead to altered intestinaiieostasis.

In summary, present study demonstrates for the finse thatB. ratti WR1
cysteine proteases induce IL-8 production in caapithelial T84 cells and an N&B-
dependent transcriptional process is involved. lditeon, findings show that
metronidazole treatment can markedly inhibit thaitglof B. ratti WR1 to induce IL-8
production. These findings will contribute to anderstanding of the pathobiology of a

poorly studied parasite whose public health impargas increasingly recognized.
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CHAPTER 7:

GENERAL DISCUSSION

AND

CONCLUSIONS



7.1 GENERAL DISCUSSION

Blastocystisnfections have a worldwide distribution and irexdes of up to 60 %
have been reported in tropical, subtropical andelbging countries. The clinical
symptoms ofBlastocystisinfections are mainly diarrhea and abdominal psnwell as
nonspecific gastrointestinal symptoms particuladysea, vomiting, bloating and anorexia
(Doyle et al. 1990; Nimri and Batchoun 1994, Soka#l. 2005). Intriguingly, even though
it was first described almost a century ago (AleXel911; Brumpt 1912), the pathogenic
mechanisms of this enteric protozoan still remdusige. In recent years, many reports
have shown thaBlastocystigs associated with intestinal disorders (Barah@oadon et al
2003; Leelayoova et al. 2004; El-Shazly et al. 30@&tients with HIV infections and
immunosuppressive therapy were reported to be sumeeptible t@lastocystisassociated
diarrhea (Florez et al. 2003; Rao et al. 2003; éthadriam et al. 2004). Similar to giardiasis,
most of the people infected witBlastocystisare asymptomatic and infection frequently

resolves spontaneously (Stenzel and Boreham 1996).

So far, many epidemiological and clinical case repohave implicated
Blastocystisas a cause of disease but only a small numbeomifailled experimental
studies have been carried out to investigate ilsqgenicity. Although lack of a suitable
animal model remained a major impediment, theseascity ofin vitro studies that have
addressed this issue. In this study, usimgvitro model systems, various aspects of

Blastocystispathogenicity were investigated. Different inteaticell lines and zoonotic
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isolates oBlastocystisvere employedand results from this study consistently suggested

that this parasite has pathogenic potential.

Parasite-derived proteases are important to thasper life cycle and the
pathogenesis of disease they produce. Protead@lmsibcystisvere studied and it was
demonstrated for the first time thBtastocystis rattiwR1 andBlastocystishominis B
possess high levels of protease activity, in paldicof the cysteine protease. Protease
activity has been well documented in many parapiiitozoa and a number of roles were
assigned for protease function in host-parasitaticgiships (North 1982). Some of the
roles of parasite proteases include immune evasionodulation by degradation of host
immune molecules, invasion of the host facilitatey catalyzing degradation of
connective tissues, and metabolism within the bgstaking advantage of specific host

proteins.

Cysteine proteases froma. histolyticawere reported to degrade extracellular
matrix proteins (Keene et al. 1986; Zhang et ab@0and their expression is necessary
for intestinal inflammation and tissue damage iroahic colitis. It would be interesting
to investigate ifBlastocystisproteases similarly degrade extracellular matratgins.
The function of proteases in such infections isgested to be hydrolysis of proteins of
connective tissue in particular collagens and kesatwhich then increases the
invasiveness of organism. Intestinal permeabiligs\viound to be significantly increased
in B. hominispatients and it was suggested tBktstocystianfections can cause damage

to the intestinal wall (Dagci et al. 200Burther studies oBlastocystisshould include

166



the role of proteases in intestinal tissue damaigdditionally, characterization of
Blastocystigoroteases will lead to a better understandindgnefparasite life cycle and its
interactions with host. Parasite cysteine proteases immunogenic and have been
exploited as vaccine targets and diagnostic markessrology. Because of the complex
diversity of Blastocystisgenotypes, proteases may be a good choice asosgtagn
markers. Parasitic proteases are suggested taobasgimg targets for the development of
new anti-parasitic chemotherapy (Sajid et al. 2002)as also been shown that cysteine

protease inhibitors are effective against numepratozoan parasites (North 1994).

There has been controversy over the role ofBlestocystiscentral vacuole. It
was shown for the first time that central vacuofe Blastocystiscontains cysteine
proteases and this finding will certainly help tarther elucidate the functional
importance ofBlastocystisorganelles with respect to their localizations. the central
vacuole is quite a large organelle, there is a neddrther investigate if it functions only

as storage organelle or it also plays an importstin the synthesis of proteases.

It was further investigated iBlastocystisproteases can degrade secretory
immunoglobulin A (S-IgA). Pathogen-produced immuiobglin A (IgA) proteases
cleave human secretory IgA which compromises IgAction. Directly, this may help
the pathogen in mucosal adhesion or this mightréatly help other pathogens in
adhesion and invasion. To study if the enteric ggoanBlastocystisdegrades human
secretory IgA, parasitic lysate and conditioned mmed were exposed to secretory

immunoglobulin A. Secretory IgA was degraded byhboell lysate and conditioned

167



medium with mainly cysteine proteinase activityBn hominis B isolate and aspartic
proteinase activity irB. ratii WR1 isolate. These findings suggest that, by akggaS-
IgA, Blastocystigproteases may play a role in parasite suniivaivo as S-IgA prevents

the pathogens from colonizing in gut.

Many infections withG. intestinalis E. histolytica and other protozoans are
subclinical but these may exhibit clinical symptoiina particular isolate or sympathetic
host immune milieu is involvedlastocystiswas found to be associated with clinical
symptoms in many cases of HIV infection (Garavetlal. 1990; Cirioni et al. 1999). The
high prevalence oBlastocystisin AIDS patients may be attributable to the detect
immune response (Rodgers and Kagnoff 1988) whietdseto lower secretory IgA
concentrations in mucosal secretions (ChallacomideSaveet 1997) of these patients and
possibly provides a conducive environment for pacasolonization. Numerous studies
have demonstrated strong correlations betweers titespecific SIgA in secretions and

resistance to infections (Russel et al. 1999).

Finding that Blastocystisdegrades secretory immunoglobulin A has another
significant implication in the use of specific patfen free (SPF) laboratory animals. At
present, SPF laboratory animals are not screemdtd8lastocystignfections by animal
suppliers (Charles River Laboratories). Up to 6(6%F rats were found infected with
Blastocystisin well maintained animal facilities (Chen et 40997). In Blastocystis
infected SPF laboratory animals, degradation ofredey immunoglobulin A can

interfere with other experimental gastrointestimafliection studies. This interference
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could be in the form of a changed intestinal milidue to reduced secretory
immunoglobulin A levels in gut. Furthermor8&lastocystisproteases may modulate
intestinal homeostasis and may directly affect feghogen of study, ultimately

generating misleading results.

One of the most important functions of intestinaitieelium is to provide a barrier
between the intestinal lumen and the underlyingmamments. The host intestine houses
a wide variety of microorganisms and a single lagkrmepithelial cells that lines the
intestinal mucosa is the first site of interactiith pathogens. These epithelial cells
work as a first line of defense against pathogemd elicit a variety of protection
strategies through widespread communication with itmate and adaptive immune
components. Any breach or insult of the epitheilrdkegrity may expose underlying
tissues to an array of antigens and might leadp@atlaological host response. In this work,
in vitro interactions oBlastocystiswith the intestinal epithelium were studied and/as
found that it induces apoptosis of intestinal egitii cells, and disrupts the epithelial
barrier function possibly by causing filamentousiracrearrangements and ZO-1
disruption. Enteric pathogens are known to adopérse strategies to disrupt the tight
junctions of intestinal epithelial cells. They caither alter the cytoskeleton of cell or
they can affect particular tight junction proteifgght junctions can be regulated via the
cytoskeleton indirectly through changes in thejpedtional actomyosin ring or directly
through changes in specific tight junction protefBerkes et al. 2003). These changes
may lead to disturbances in epithelial functionstipalarly changes in paracellular

permeability. The function of tight junctions cae studied as a change in transepithelial
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electrical resistance or in the paracellular flixa@acromoleculesBacteroides fragiligs
known to cause diarrhea and it can disrupt tightgions by proteolytic degradation of
tight junction proteins resulting in decrease iangepithelial electrical resistance and
increase in permeability (Berkes et al. 2003). Htugly has shown th&lastocystiscan
displace ZO-1 proteins from tight junctions. Furtlevestigations are needed to see if

Blastocystiproteases can directly degrade ZO-1 or other jigidtion proteins.

It was found thaBlastocystiscan decrease transepithelial resistance and serea
permeability of intestinal epithelial monolayer.igIstudy supports the finding from other
clinical reports where significantly increased stieal permeability was reported after
Blastocystignfections (Dagci et al. 2002). Some of these patbic effects are comparable

to that of other pathogenic protozoans likelambliaand warrant further elucidation.

Importantly, this study has shown tHalastocystissecretory products can induce
apoptosis in intestinal epithelial cells. This segfgthat contact with host cells is not
required forBlastocystido cause any cytopathic effects and being a neasine organism,
this finding has significant implications for itsagmogenicity. However, the role of
pathogen-induced apoptosis in gut epithelial callsiot well understood. It's not clear
whether the host or pathogen benefits by this pmemon. Pathogen-induced apoptosis
can be significant in maintaining homeostasis bynt@dling inflammation and
immunological silent removal of cells. At the satimae, this response can benefit some
extracellular pathogens but some pathogens maythese colonization sites. It appears

that only extensive dysregulated apoptosis may tegmhthology due to cytokine or Fas-
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FasL overexpression as Bhigellaand Salmonellainfections where apoptosis becomes

pro-inflammatory and damage of host cells occurs.

When exposed to certain toxins, the intestinal hgiitm can be induced to
undergo cell death via apoptosis or necrosis, whan in turn affect intestinal barrier
function, resulting in decreased transepithelialhpeability and increased permeability
(Bojarski et al. 2000). In experiments, it was eésif Blastocystisnduced apoptosis of
IEC-6 cells has an effect on epithelial permeabliliy pretreating cell monolayers with
general caspase inhibitor Z-VAD-fmk before coindidra with parasites. Results show
that the inhibition of caspases in IEC-6 cells nlid prevent reduction of TER and did not
significantly decrease Lucifer yellow flux acrosdlenonolayer. Therefore, in the case of
Blastocystisinfection, it appears that activation of host cafloptosis in a contact-
independent manner does not play a major roledreasing epithelial permeability but
there might be other factors responsible for ineeelgpermeability. In contrast, studies on
G. lamblia have established that whi@iardia is a non-invasive pathogen, it releases
parasitic factors which may induce enterocyte apgipt and increase epithelial
permeability (Chin et al. 2002). The apparent @igancy in observation may be due to
two factors. Firstly, the contribution of apoptogisincreased permeability may be minor
because of the low percentage of apoptotic celNsjeaced by DAPI staining, as
compared to cells with F-actin rearrangement. SélgoBlastocystisnay have induced
non-apoptotic cell death, for example necrosisptuigy or paraptosis (Broker et al.

2005) that may have contributed to the impairedié&afunction.
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Gastrointestinal symptoms along with inflammatidrgastrointestinal tract were
associated withBlastocystisinfections. However it was not clear hoBlastocystis
triggers the inflammatory response. Results showtlie first time thatBlastocystis
cysteine proteases induce IL-8 production in caoapithelial cells and an NiB-
dependent transcriptional process is involved. &bdn of IL-8 causes influx of
inflammatory cells into the intestinal mucosa whidauses tissue damage and
gastrointestinal disturbances. histolyticacysteine proteases can induce the production
of IL-8 from intestinal epithelial cells and thegmteases also induce gut inflammation
(Zhang et al. 2000). Protozoan parasites Ekdistolytica(Eckmann et al. 1995) ar@l
parvum (Seydel et al. 1998) are capable of inducing Ipf8duction from intestinal
epithelial cells. E. histolytica can induce IL-8 from intestinal cells in a contact
independent manner and it was reported that inmasib intestinal epithelium by
pathogens is not necessary for the induction danmmiation (Berkes et al. 2003). As
Blastocystisis non-invasive parasite, secreted products franagte appears to initiate
the inflammatory process by activating cell surfaeeeptors. It would be interesting to
investigate if proteinase activated receptors (PBAdtsintestinal epithelial cells play a
role in B. ratti WR1 cysteine protease-mediated induction of [LPRARs are seven
transmembrane domain receptors that are activatespécific proteolytic cleavage of
their N terminal extracellular domain (Vergnolleatt 2005). It is known that IL-1 may
act as an intermediary factor for the inductionlloB secretion. Since T84 cells were
used and they lack type-1 IL-1 receptors and pLdbes not have significant role in T84
cells (Yu and Chadee 1997), more studies need togpdyéormed to ascertain if

Blastocystianduced IL-8 secretion involves IL-1.
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Results show that treatment Blastocystiswith metronidazole can avert the
adverse effects oBlastocystison intestinal epithelial barrier function. Metrdarzole
treatment also resulted in reduced interleukin-8viag from intestinal epithelial cells.
This is controversial if there is a need to tr&stocystisinfections because of its
doubtful pathogenicity. Treatment f&lastocystisinfections is not yet standardized in
clinics. Previous studies have shown that metraal#ainhibits thein vitro growth of
Blastocystis(Moghaddam et al. 2005). Reports show that medexmale is a drug of
choice in cases wheRdastocystigs suspected for gastrointestinal symptoms (T&# 20
Taken together, this suggests that metronidazole #&atherapeutic potential for
Blastocystis infections and treatment with anitprotozoal drugsy particular

metronidazole, is warranted if no other cause sé¢ae is observable.

Accumulating evidence over the last decade sug@sstsciation oBlastocystis
with gastrointestinal disorders (Sohail et al. 2008ostly inconclusive clinical and
epidemiological studies implicated or exoneraBgastocystisas an etiology of disease.
Unlike most other enteric pathogerastocystiss essentially considered non-invasive
and does not cause any consistent inflammatorynssp However, it was observed that
Blastocystisinfections may cause gastrointestinal symptomslainto irritable bowel
syndrome (IBS) involving diarrhea, abdominal patonstipation, nausea and fatigue
(Tungtrongchitr et al. 2004; Boorom 2007). Approaiely 4 billion diarrhea episodes
occur worldwide each year which account for 4% lbdaaths and 5% of days lost to

disability (Sazawal et al. 2006). The pathophysialal basis of diarrhea iBlastocystis
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infections can be multifactorial and may involve laast in part intestinal epithelial
damage, compromised barrier function, as well a@siation proinflammatory cytokine
production. Infigure 7.1, a model is proposed for the pathogenic potenfi8lastocystis
that shows a relationship betweinvitro experimental findings of this study and their

patho-physiological correlation to gastrointestisypinptoms.

Although discovered almost a century ago, scienkfiowledge on this parasite has
increased significantly only in last few years.idtnow known that humans can be
infected by numerou$lastocystisgenotypes and many of these genotypes can be
zoonotic. All mammalian and avian isolates are nolassified in nine subtypes
(Stensvold et al. 2007b). Previously conflictingelvations omBlastocystippathogenesis
are possibly due to the existence of pathogenic aod-pathogenic genotypes.
Laboratory rats appear to be reasonably good anmaalels for infection studies and
fecal-oral route has been established as the mbdersmission. There is a need to
further identify and characteriBdastocystisvirulence factors and associated genes. Most
importantly, major efforts should be directed tacatiate the subtype linked differences

in pathogenesis of this interesting parasite.
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Fig 7.1 Proposed model for the pathogenic potentiaf Blastocystis. This model
correlatesn vitro findings from this study and their patho-physiotad) relevance
to gastrointestinal symptoms. Results from thisdgtishow thatBlastocystis
secretes protease that can degrade S-IgA that majitate colonization of
Blastocystisor may assist other pathogens in invasBlastocystisproteases also
induce interleukin-8 production and may lead to tramhil recruitment and
intestinal inflammation. In additiolBlastocystiscan also alter the intestinal barrier
function by disturbing tight junctions and cytosieln. In additionBlastocystisan
induce apoptosis in intestinal epithelial cells ethimay directly affect intestinal
homeostasis or indirectly facilitate invasion ohet pathogens. Altogether, these
events may eventually lead to gastrointestinal $gmp.
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7.2 CONCLUSIONS

1. This study has showed for the first time, tB&stocystigpossesses high levels of
protease activity, in particular of the cysteineotpase type. It was also
demonstrated that central vacuoleBidistocystiscontains cysteine proteases (Sio

et al. 2006; Puthia et al. 2008).

2. Present study showed for the first time tBddstocystishas proteases that can
degrade secretory immunoglobulin A (Puthia et 80%). The degradation effect

is shown in both subtypes of IgA, IgA1 and IgA2.

3. This study reported for the first time th8lastocystisinduces apoptosis in
enterocytes and there is active involvement of ass8. In addition, this

apoptosis occurred in a contact-independent mgifehia et al. 2006).

4. This study demonstrated for the first time tB&éstocystiscan rearrange F-actin
and ZO-1 distribution and disrupt epithelial barrenction; and metronidazole
can abrogate these effects. In addition, findingswed that IEC-6 monolayers
grown on permeable filters provide a usefnl vitro model for studying the

interactions oBlastocystigwvith intestinal epithelial cells (Puthia et al.(&).
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5. This study showed for the first time thBlastocystiscysteine proteases induce
interleukin-8 production in colonic epithelial celland an NFReB-dependent
transcriptional process is involved. In addition, was demonstrated that
metronidazole treatment can markedly inhibit thiitstof Blastocystigo induce

IL-8 production (Puthia et al. 2008).
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Appendix |

Medium for culturing Blastocystis

For culturingBlastocystiseach 15 ml culture test-tube contained the fatouw

a) Iscove’s Modified Dulbecco’s Media (IMDM) (Gibgo Omi

b) Inactivated horse serum (Gibco) 1ml

Loose capped tubes with medium were kept for 24 dniaerobic jar with gas pack inside
to remove oxygen (prereduction of medium). Preredumedium was inoculated with a
Blastocystiscells, they were placed in an anaerobic jar andibated at 37°C for optimal

growth.
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Appendix Il

Medium for culturing Trichomonas vaginalis

For culturing Trichomonas vaginalis each screw-capped test-tube contained the

following:
a) Hollander’'s Medium 9ml
b) Inactivated foetal-calf serum 1ml

Once the test-tubes containing the medium wereulated withTrichomonas vaginalis
they were placed in a test-tube holder and incubate 37°C. Sub-culturing was
performed every three to five days by inoculatingn@l of the turbid suspension into a

fresh test-tube containing medium.

Preparation of Hollander's Medium

Trypticase peptone: 20.0g
Yeast extract: 10.0g
Maltose: 5.0g
Ascorbic acid: 1.0g
KCI: 1.0g
KHCO3: 1.0g
Kh2PO4: 1.0g
FeSO4: 0.1g
Purified agar: 0.5¢g

1) Dissolve in 900ml of water
2) Autoclave at 15Ib, 15 mins
3) Store at 4 degrees
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Appendix 11l

Poly-L-lysine coating of glass coverslips

1. Acid wash glass coverslips
a. Soak coverslips in hydrochloric acid overnight (& fume hood)
b. Rinse under tap water for 15-30 minutes
c. Rinse in sterile water, autoclave and dry
d. Coverslips are ready for coating
2. Add 50 ml of sterile tissue culture grade wates tmg of poly-L-lysine.
3. Aseptically coat culture surface of coverslips watily-L-lysine solution enough
to cover surface
4. Rock gently to ensure even coating of the culturéase
5. After 5 minutes, remove solution by aspiration #matoughly rinse surface with
sterile tissue culture grade water.

6. Allow to dry at least two hours before introducicgjls and medium.
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Appendix IV

Coomassie (Bradford) Protein Assay (Pierce)

Micro Microplate Protocol (Working Range = 1-g§/ml)

1. Pipette 150ul of each standard or unknown sample into the gpmate
microplate wells.

2. Add 150ul of the Coomassie Reagent to each well and mik pliate shaker for
30 seconds.

3. Remove plate from shaker and incubate plate fanitutes at room temperature
for consistent results.

4. Measure the absorbance at 595 nm on a plate reader.

5. Subtract the average 595 nm measurements for ek Béplicates from the 595
nm measurements of all other individual standadiarknown sample replicates.

6. Prepare a standard curve by plotting the averagakblcorrected 595 nm
measurement for each BSA standard vs. its conc¢emtra pg/ml.

7. Using the standard curve, determine the proteirc&oination estimate for each

unknown sample.

228



Appendix V

Measuring cell monolayer resistance by Millicell-EFS

(http://www.millipore.con

Set up the laminar flow hood with a:

Millicell-ERS
Millicell culture plate insert without cells
Millicell culture plate insert with cells

70% ethanol solution

Procedure:

To sterilize electrodes, immerse the electrodeg0®o ethanol for 15 minutes. Allow

them to air dry for 15 seconds.

1.

2.

Rinse the electrodes in sterile cell culture medarm 0.1-0.15 M KCI or NaCl.
For resistance measurements, the electrode is ey Ito use.

Switch the MODE switch to “R.”

Turn the POWER switch to “ON.”

Immerse the electrodes so that the shorter elexisoith the Millicell culture plate
insert and the longer electrode is in the outed.Wdle shorter electrode should

not contact cells growing on the membrane.
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6. Do not push the “R” button while the electrodes @uéside solution or the meter
could be damaged. Completely immerse the metaltlstegahe electrode tips in
solution to obtain accurate resistance measurements

7. Press the MEASURE button. The meter should indicatstable resistance
reading of the solution.

8. Record the resistance.

9. The blank resistance must be measured and theirattbd from the resistance
reading across monolayer in order to obtain the tissue resistance.

10.The unit area resistance is obtained by multiplying meter readings by the
effective surface area of the filter membrane.

11.Resistance of a unit area = Resistance (W) x HBfiedlembrane Area (cfh
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