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ABSTRACT

Cryptosporidium parvum is a widespread pathogenic parasite which causes
cryptosporidiosis in human. The host cell-C. parvum interaction causes alteration of
expression of a series of microRNAs or miRNAs within the host cells due to activation
of defense mechanism. In immunocompromised host cells, miRNAs play a key role in
post-transcriptional gene regulation. The regulation of miRNAs in the infected cells
may be identified as possible biomarkers in cancer onset and progression. Upregulation
of oncomicroRNAs in the host epithelial cells due to the C. parvum infection may lead
to colorectal cancer initiation and progression in human. HCT-8 and HT-29 were grown
in different L-glutamine concentration and pH to observe the relative growth. The study
was aimed to delineate the host epithelial colorectal cancer cells-C. parvum interaction
and its associated miRNAs involvement in the immunocompromised host cells in vitro.
The differential expression level of oncomiRNA, miR-21 and tumor suppressor
miRNA, miR-145 in host cells upon C. parvum infection was observed in order to
establish a relationship between C. parvum infection and colorectal cancer in humans.
As Cryptosporidium mainly infects the epithelial cells of the colorectal region, the host
cells of interest in this study are HCT-8 and HT-29 cell lines. The direct
immunofluorescent staining method has been applied using fluorescein conjugated
Vicia Villosa Lection (VVL) to observe the C. parvum infection sites on HCT-8 and
HT-29 cell lines after 2.5 hours of infection period. In addition, scanning electron
microscopy has been used to observe the surface micrographs of different life stages of
C. parvum adhered to the cell lines. The real time quantitative PCR (RT-qPCR) was
performed to observe the relative expression of miR-21 and miR-145 in infected HCT-
8 and HT-29 cell lines. Data normalization of the miRNA expression was carried out
using reference gene RNU44. The result showed that, the cell growth was optimum for
cell lines in higher L-glutamine concentration and higher pH. In the immunofluorescent
staining assay, the micrographs show multiple sites of C. parvum infection on both
HCT-8 and HT-29 cell lines. Meanwhile, scanning electron micrographs demonstrated
the adherence of C. parvum oocysts in both HCT-8 and HT-29 cell lines after 24 hours
of inoculation. Along with the surface meront I, several numbers of early trophozoites
in their developmental stages were confined to the apical surfaces of HCT-8 and HT-
29 cell lines. Besides, a few sporozoites have been observed to be attached on the HCT-
8 and HT-29 cell lines. The normalized expression quantification data obtained from
RT-qPCR has shown upregulation of miR-21 expression and significant
downregulation of miR-145 expression in HCT-8 and HT-29 cell lines upon C. parvum
infection. The miR-21 expression showed significantly higher upregulation in infected
HCT-8 than in infected HT-29. On the other hand, miR-145 downregulation was
significantly lower in HT-29 cells than in HCT-8 cells upon C. parvum infection. In this
study, immunofluorescent micrographs and scanning electron micrographs indicated
that C. parvum effective infects human colorectal cancer cell lines. The upregulation of
oncomiRNA and downregulation of tumor suppressor miRNA in infected HCT-8 and
HT-29 cells possibly indicates the influence of C. parvum in cancer progression.
However, the findings are less sufficient to confirm the C. parvum as a pathogenic
parasite for cancer progression. Future studies should be aimed to observe more targeted
genomic and transcriptomic alterations, relative expression of sets of targeted miRNAs
to absolutely verify the progression of colorectal cancer by C. parvum infection.

ii



Jodlald Bl 2L 0L Bl Sl s o LSV ply o8 ib 58 0y sty gy S el
) O 9 Ser Ak e g (3 58 o e JeUSMIRINAS Jords ey 2l LU 2l (
el i 3 U, g0 () O S (b el ki e gl g Gl WS 3 gt 2T
ol i By Jo fort (o i30S Janiay OF (S5 Blaall LW (3 61 0L 9,50 OF LSjam )l 6390
W Bf @ Byl oda (3 ity 0aadll Ol ) o) 01 5S4 bjall bzl 6oy oF (S Loyshasy
HCT-8 y HT-29 ;515 3 L-glutamine cius il ode . godi 3310 2zt Lo olomyog
b o bl (st Ol 9 SM ey woinadl Ol d ol by pgpy gy S il 2acal) A4 wad )
o WS ad (9t an famgd By gl (3 il U SMIRINA y miR-145 wial aldi
et S5t el 0F ey 0L Y1 3 Oglgll Wb g Jodlally oY) Cr B 2oy fodlall
Wt bl ode (3 Lalazal o 3 o)) A ald W OB ¢ adn iy Oglydll dalase (3 A5all GO
HOT-8,11T-2 ()LMJCAW)).W rsmb aoe ikl dgldl) psall Ay L) ghon) ¢ L aill
) oSN Lk VVL Wi e il witgs 2314 (HCT -8 3 HT-29 2oyt 0 Craly ozt any
glorl @ Laegy M WM (5 Jetdall 5L 5595 Galed 3 AV gl plisnul ¢ ¢ 25 ) LBV syl
) el el Syt ol el LS RIT-qPCR ot ot 2314 iR =21
miR-145 o= 3 HCT-8 g HT-29 aan bl bk slisie oy UL 0 STWH ¢ 2Ll
RINU44 utsglondd 1eisn 5815 3 @3l W0 2l gahl Bl 0f sl ool LeS™. L 2y
o O e Jeilall Saowna pilgn glis (gl pall Larl 3 g HHCT-8. 3 HT-29 s
WOt pa IS8 Jeilall gl Bladl o8y Kb ey (IHCT-8 s HT-29 21 24 1w
Sl el ameront L i qyla i o ez byl e G adedball syl or Lam 0187
PHCT-8. s HT-290u5 e alibll ol (o L5 i 590 oy HCT-8 3 HT-
29 atele Jsadl ¢ g Sl o ebl RT-qPCR o ooy 054 miR-21 5 87 ol
wsmiR-145 5 HCT-8, HT-29 ,.m bl . Lildt s,Lal u33 ¢ miR-21 Uts b))
GHCT-8 0 e il HT-29 s ol o ¢ gl it o0 iR =145 o8 i
Wi SHTT=29 s o TTCT =8 0y i8S0310 g g S ey (S ekt Ll clatyadiods 5
et e s g Uy Ogdeill 0l W 3 Sy Juilall of YMIRNA @ HCT-8 y HT-
29 Joib of e a5 U7 b piledt L opglary Dgdsdlt Ol oY1 3 bl Sl x5 59y )
Sl e 3] bzl Sl B8 OF cgt Ol ey OF S8 o8 a0 ity S
ey O3bailh 0l ol Jodlall 880 o ST Sy Giall ) 9,5 (ol nly € appondly Toagid

iii



APPROVAL PAGE

I certify that I have supervised and read this study and that in my opinion, it conforms
to acceptable standards of scholarly presentation and is fully adequate, in scope and
quality, as a thesis for the degree of Master of Health Sciences.

Assist. Prof. Dr." Afzan Mat Yusof
Supervisor

T

Assist. Prof. Dr. Muhammad
Lokman Bin Md. Isa
Co-Supervisor

Assoc. Prof. Dr. Muhammad
Bin Ibrahim
Co-Supervisor

[ certify that | have read this study and that in my opinion it conforms to acceptable
standards of scholarly presentation and is fully adequate, in scope and quality, as a

thesis for the degree of Master of Health Sciences.

Assist. Prof. Dr. Hanani Ahmad
Yusof @ Hanafi
Internal Examiner

.........................................

Dr. Tengku Shahrul Anuar
Tengku Ahmad Basri
External Examiner



This thesis was submitted to the Department of Biomedical Sciences and is accepted as
a fulfilment of the requirement for the degree of Master of Health Sciences.

Assist. Prof. Dr. Zaitunnatakhin
Binti Zamli

Head, Department of Biomedical
Science

This thesis was submitted to the Kulliyyah of Allied Health Sciences and is accepted as
a fulfilment of the requirement for the degree of Master of Health Sciences.

Assoc. Prof. Dr. Suzanah Abdul
Rahman
Dean, Kulliyyah of Allied Health
Sciences



DECLARATION

I hereby declare that this thesis is the result of my own investigation, except where
otherwise stated. I also declare that it has not been previously or concurrently submitted

as a whole for any other degrees at [IUM or other institutions.

Mohammed Abdullah Jainul

W A0 1) 2D

SIgNAtUIe. . ovvveeeeeeeniee e, Date

vi



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

EVALUATION OF MIR-21 AND MIR-145 EXPRESSION IN
CRYPTOSPORIDIUM PARVUM INFECTED HCT-8 AND HT-29
CELL LINES

I declare that the copyright holder of this thesis is Mohammed Abdullah Jainul

Copyright ©2019 by Mohammed Abdullah Jainul. All rights reserved.

No part of this unpublished research may be reproduced, stored in a retrieval system, or
transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise without prior written permission of the copyright holder except
as provided below.

1. Any material contained in or derived from this unpublished research may
be used by others in their writing with due acknowledgement.

2. IIUM or its library will have the right to make and transmit copies (print or
electronic) for institutional and academic purposes.

3. The IIUM library will have the right to make, store in a retrieval system and
supply copies of this unpublished research if requested by other universities

and research libraries.

By signing this form, I acknowledged that I have read and understand the [TUM
Intellectual Property Right and Commercialization policy.

Affirmed by Mohammed Abdullah Jainul

W< 20-[2- 201&

Signature Date

vii




ACKNOWLEDGEMENTS

In the name of ALLAH (SWT) the most gracious and most merciful. All praises are due
to Allah for mercies, blessings and guidance in completing this thesis successfully.

This is my immense pleasure to dedicate this work to my beloved parents for
their infinite sacrifice and love help me to accomplish this study. Likewise, all my
families and friends for their emotional support, endless encouragement and love over
the years away from home.

I would like to express my sincere gratitude to my Supervisor, Assistant
Professor Dr. Afzan Mat Yusof for her persistent support, guidance, advice and
motivation throughout my study. May ALLAH (SWT) bless you and your family
abundantly.

My greatest indebtedness also goes to my co-supervisor Assistant Professor Dr.
Muhammad Lokman Md Isa for his unconditional supports, suggestion and appropriate
guideline. My gratitude to Associate Professor Dr. Muhammad Ibrahim for accepting
me as a student and support me with proper guidance.

I must express my deepest gratitude and thanks to all members of CREAM for
their help and support for this project.

I would like to convey my sincere appreciation to brother Aiman, brother
Maizam, brother Syahril and my lab mates.

Finally, special thanks to Tiirkiye Diyanet Vakfi for sponsoring my study in the
form of scholarship (Turkey Diyanet Foundation Scholarship), I will be forever grateful.

viii



TABLE OF CONTENTS

ADSITAC ...ttt et i
ADSEIACE I ATADIC ...ttt ettt il
ADPDPIOVAL PAGE ...ttt ettt ve v ese ettt e ettt ee e eae et ees iv
DECIATATION ...ttt ettt ettt ese e st s s teaeseen s e vi
COPYIIGNE PAGE......coviiiieiieieiict ettt ettt eeeaes vii
ACKNOWIEAZEMENLS .......oiviiiiiiiiiiieteieteeeee ettt viii
Table OF COMLENES .......couerieriieiiiee ettt ettt ettt ettt as e s s ene e evenea ix
List O TADIES .....ccvrviiiiiiciiirieeceeetcie ettt er v s e teseasetes s esnenens X
LISt OF FIGUIES ...ceviuietiieiieie ettt ettt ettt vt ene e s e s ene s xiii
LiSt O SYMDBOLS ..ceieiiiieiiciieece ettt ettt et et se et Xiv
List Of ADBIEVIAtIONS ....cc.iveueviiiiiiiiiiiitiee ettt et XV
CHAPTER ONE: INTRODUCTION..........cccoitiiiiiniiniinieetiesieeie st eere e 1
1.1 Background of the Study .........ccceoiiiiiiiiniiieie st 1
1.2 Statement of the Problem......c....cccoiiiiiiiiiiiiiii e 4
1.3 Research Hypothesis.....coociiiiiiiiiiiiieeece e 6
1.4 Objectives 0f the STUAY.....ccoviiiiiiiiiiiieie e 7
1.4.1 General ObJeCtiVe.......covuirrierrieriiniiiiirieesee st st sae e e seeseeeeeens 7
1.4.2 Specific ObJECtIVES....couviiiiiriiiiiii ettt 7
1.5 Significance of the Study .....c..ooouiiiiiiiii e 7
CHAPTER TWO: LITERATURE REVIEW ... 9
2.1 CryptoSporiditin PAFVUM .........coeeceeiireeiiniiniecceieseeete et s 9
2.1.1 TAXONOIMLY 11euvvreeeiirreriiiieeeniteeeeetieeesitteeseateeeesbrteesberesanbeeesameneenmrens 10
2.1.2 Morphology of the C. parvum...........cccccccccceinievencnvninnccceeiees 12
2.2 Species of CryptoSporidium .............cccccccoveviveiiiiiiiiniiiciiiniiiiiieecn 14
2.3 The Life Cycle of Cryptosporidium ...............ccocoovivviiciniinncncnnnnienn, 15
2.4 Transmission of CryproSPOFridium .............ccecceiviuircinciiiiiiniiiiiiiiiciecnen 18
2.4.1 Direct TransmiSSION ....cccecviriiruerrreriiiiiiiniie e 18
2.4.2 Indirect TransmiSSION. ....cc.eerieirieeeiiieeriiieeie e 19
2.5 Human Cryptosporidiosis ....ceverveiierieeiieeomieniniiiiiiiieccnisiesecciie s 19
2.6 EPIdemiolo@y....ccveevereeieniiiieie sttt 20
2.6.1 General Prevalence.........cooovvveviiviiniiiniciiccice e 20
2.6.2 Prevalence in Malaysia ........ccccecuerreeinnneiiiiiiiiiiiiiecciiniccie e, 23
2.7 Host-Cryptosporidium Interaction...........ccocevviviniiniininimnisniisisieieies 26

2.8 Cryptosporidium Infection, Elevated Inmune Response and Cancer
PrOGIESSION 1.uvieieiiiiiiitciie ettt ettt sttt 27
2.9 Cryptosporidium Infection in Immunocompromised Patients ................... 28
2. 10 MICTORNA . ...ttt et st s be e 29
2.10.1 Biogenesis of MIRNA .......ccccooiiiiiiiii, 29
2.10.2 Target miCrORNAS ..ottt 32
2.10.3 MICTORNA-2T ottt st 32
2.10.3.1 Role of miR-21 in Cancer........ccocueeverieieiciniiiiiniiecieenn 32
2.10.4 MICrORNA-T4S5 . .ooiioiiie s 33

ix



2.10.4.1 Role of miR-145 in Cancer. ..o, 34
2.11 Relationship Among Cryplosporidium infection, miRNA

EXpression and CanCer ..........oovcuiiuieiiiiie ettt 35
2.12 Alteration of Host Cell miRNAs by C. parvum Infection........................ 30
2.13 Experimental Cell Lines ..........ooeioviiiiiiiiciie e 41
2.14 Lectin Based Immunofluorescent Technique for C. parvum

DEECTION. ....viiiiiiiitiicecc ettt 42
2.15 Role of L-glutamine and pH in Cancer Cell Growth............c.ccoveuvennn.... 43

CHAPTER THREE: METHODOLOGY ......cccooooiiiieietiieeeeeeeteeeee e 45
3.1 Preparation of Cell liNeS ........ccceceeerieinieiricieiecctee e 45
3.1.1 Experimenta Cell LiNes..........cccovveveveeerieieiecieciecreeeeieceeseeeeesee e 45
3.1.2 Heat Inactivation of Serum .........ccceceeevieiiiinevieieicececeeeeeeen 45
3.1.3 Preparation of Cell Culture Media .........c.coovevveveiriiviiiiiieciieceeie 46
3.1.4 Reviving of the Cell LiNes ........cccceoviiiieieeeiccecececceeeceee e 47
3.1.5 Subculture of the Cell Lines.........c.ccoceirririreriecinesisecieeeeee e, 48
3.2 Observation of Cell Growth with Different L-Glutamine

Concentration and pH..........c..cocviiiiiiiiiiiiicceeeecesee 49
3.2.1 Preparation of L-glutamine Supplemented Culture Media............... 49
3.2.2 Adjustment Of PH ......oovveeiiiiiicie e 50
3.2.3 Cell Count by Trypan Blue Staining Method ..........cccoocevervrircnnne. 50
3.2.4 Seeding of the Cell Lines ......cocovvuieiiiiiieniiiiieiieniesceeee e 51
3.2.5 Cell Count after Incubation...........ccceceevieviiiiininienen e 52
3.3 Immunofluorescent Assay (IFA) ..c..ccoveiiiiiiiieiicie et 53
£73.1 Parasite .. . S o I BB L 53
3.3.2 Harvesting of HCT-8 and HT-29 Cell Lines.........cccccoceverreneneennens 53
3.3.3 Inoculation of C. parvum into HCT-8 and HT-29 cell lines............. 53
3.3.4 Fixation and Staining .........ccceeveveeiiiiiiiiesie e seee s 54
3.3.5 Immunofluorescent ObServation.........ccoeeeveeeeerieniciecniieeieneeenens 55
3.4 Scanning Electron Microscopy (SEM) ASSAY ...c.eeeveercvererveeniveenieereeieeninne. 56
3.4.1 Cultivation of Cell lines and Inoculation of C. parvum................... 56
3.4.2 Fixation, Coating and SEM observation ...........cccccoevvvviviiiiiinnnnen, 57
3.5 Real Time Quantitative PCR (RT-qPCR) Assay.....ccccocvevieniininicciicinnnns 58
3.5.1 Cultivation of Cell lines and Inoculation of C. parvum................... 58
3.5.2 Extraction of Total RNA including miRNA ........cccooiiieiiiiinnis 59
3.5.3 Purification of Total RNA Including miRNA...........ccccocininnnn 60
3.5.4 RNA Concentration Measurement............ccocooviviiniiincinninecnennnes 61
3.5.5 Complementary DNA (cDNA) Synthesis........cccocvvviiviiiiniiiiiennnn. 62
3.5.6 Primer Identification .........ccccovveniiniinieiieniiiec e, 63
3.5.7 RT-qPCR ANalyZing .....ccccceceirienminiiniiiiciiiiieiceiceics e 63
3.5.8 Data ANALYSIS ..eccueeieiiiiiriiiiiie et 64
3.5.9 Statistical COMPATISON ....eeevurviriieiiienieeniieeie et 65
CHAPTER FOUR: RESULTS AND FINDINGS .......cocoiniriiiiiiiiiinneic 66

4.1 Cell Growth in Different L-glutamine supplemented Cell Culture

MEAIA ..ottt 66
4.2 IMmMUNOTTUOTESCENt ASSAY ..eivvreeeiereiiieeeeeeriieeniee e eir et 69
4.3 Scanning Electron Microscopy (SEM) ASSQY .....ccocovvnineiiiiinnnninincnne 72
4.4 MIRNA EXPression ASSAY ...c..cccvuiiiiioiiiiiiiiiiiniieieere s s 75



5.1 Role of L-Glutamine in Cell Growth........cccoecevvriiiecvniiieicieeeececeeeeen 79
5.2 observation of C. parvum Infection and Stages of Life cycle .................... 82
5.3 MIRNA EXPIreSSIon ASSAY ....eeeerererieriieienieneeienieaeeisessesiesseeseeneessesseennenne 86
5.4 CONCIUSION ..ttt ettt et neeen 94
5.5 FUUIE STUAY ..eovvioviriiiieieeiieeteee ettt 95
REFERENCES ......uciiititiiitissenessisssssssisssssssssssnesssssssssssssssssassassas senssssonsons 96
APPENDIX A ...iiiieiccnnnsecsneesensanessssessnssssesssssassessassssssssaassasssssssssssssssessesaes 127
APPENDIX B ...coiiiiiiiiiniiinninttiinssssiminisnississemssinimsssssissessssississssesses 128
APPENDIX C....urivieiiinincninnssnsiaesissssssssssssessssssssssesssssssssssssssssssssssssssssssssssssssses 140
APPENDIX D .uciiiinniinnininiinissnsssiissnssnmeneseosssstissmsnssmssssiessssssssisssssssesssssssssses 143

X1



Table No.

2.1

2.2

23

3.1

3.2

33

3.4

3.5

3.6

4.1

4.2

43

LIST OF TABLES

Classification of the Cryptosporidium.

Validated species of Cryptosporidium based on host/source.

Regulation of miRNAs expression on Cryptosporidium-
human epithelial cell line interaction and their associated
pathway/targeted genes.

Composition of 100 mL of supplemented RPMI-1640
culture medium.

composition of 100 mL of supplemented DMEM culture
medium.

Composition of 100 mL of DMEM culture medium
complemented with different concentration of L-glutamine.

Components of the master mix prepared for the reverse
transcription reaction.

Primer sequences of the target gene.
Composition of RT-qPCR Reaction Mix with primers.

Summary of the number of HCT-8 and HT-29 cells after 8
hours of incubation in different concentration of L-
glutamine at different pH.

Summary of the gene expression of miR-21 and miR-145 in
control and C. parvum infected HCT-8 and HT-29 cell lines.

Summary of the fold differences of relative expression of
miR-21 and miR-145 in C. parvum infected cell lines.

Xii

Page No.

11

15

38

47

47

50

63

63

64

68

77

78



Figure No.
2.1
2.2

23

2.4
3.1
4.1.1

4.2.1

422

43.1

432

4.4.1

442

LIST OF FIGURES

Cryptosporidium parvum oocyst.

Scanning electron micrograph of Cryptosporidium after
46 hours of post inoculation in cell free culture.

Schematic representation of the life cycle of
Cryptosporidium.

Biogenesis pathway of microRNA.
Grid pattern of the haemocytometer chamber.

HCT-8 cell growth after 8h of incubation in media with
different L-glutamine concentration and pH.

HT-29 cell growth after 8h of incubation in media with
different L-glutamine concentration and pH.

Immunofluorescent micrographs of C. parvum infection
in HCT-8 cell line at 400x magnification.

Immunofluorescent micrographs of C. parvum infection
in HT-29 cell line at 400x magnification.

Scanning electron micrograph of HCT-8§ cell line after 24
hours of post inoculation of C. parvum.

Scanning electron micrograph of HT-29 cell line after 24
hours of post inoculation of C. parvum.

The normalized gene expressions in HCT-8 and HT-29
cells infected by C. parvum.

Comparison of fold differences between gene expression
in HCT-8 and HT-29 cells treated with C. parvum.

xiii

Page No.
12
13

17

31
51
66

67

69

70

72

73

75

76



LIST OF SYMBOLS

~ Approximately

°C Degree celsius

% Percent

< Less than

> Greater than

ng Microgram

ul Microliter

pum Micrometer

COz Carbon dioxide

g Gravitational force
h Hour

HCL Hydrochloric acid
mL Milliliter

mM Millimole

NaOH Sodium hydroxide
ng Nanogram

X1V



Ago2
ATP
B7-H1
BTG2
CCL20
cDNA
CIS
DGCRS
DMEM
DMSO
DNA
EDTA
EMT
FBS
GalNAc
GTP
HBSS
HDACs
HDMS
HEPES
HIV
HS

ICAM-1

LIST OF ABBREVIATIONS

Argonaute-2

Adenosine Triphosphate

B7 homolog 1

B-cell translocation gene 2

C-C motif chemokine ligand 20
complimentary deoxyribonucleic acid
Cytokine-inducible src homology 2 protein
DiGeorge Syndrome Critical Region 8
Dulbecco's Modified Eagle's Medium
dimethylsulfoxide

Deoxyribonucleic acid
Ethylenediaminetetraacetic acid
Epithelial-mesenchymal transition
Fetal bovine serum
N-acetyl-D-galactosamine residues
Guanosine Tri-phosphate

Hank's Balanced Salt Solution
Histone deacetylases
Hexamethyldisilazane
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
Human immunodeficiency virus
Horse serum

Intercellular adhesion molecule-1

XV



ICZN
IFA
IFN-y
IGF
IGF-IR
IL
IRS-1
KSRP
MAPK
miRNA
mRNA
MYD88
NAD
NF-xB
NLRs
PACT
PBS
PDCD4
PGE2
PRRs
PTEN
pre-miRNA
pri-miRNA
RISC

RNA

International Code of Zoological Nomenclature
Immunofluorescent assay

Interferon gamma

Insulin-like growth factor

Insulin-like growth factor receptor and insulin receptor
Interleukin

Insulin receptor substrate-1

KH-type splicing regulatory protein
Mitogen-activated protein kinase

microRNA

messenger RNA

Myeloid differentiation primary response 88
Nicotinamide Adenine Dinucleotide

Nuclear factor kappa B

Nucleotide binding oligomerization domain-like receptors
Protein activator of PKR

Phosphate buffer saline

Programmed cell death 4 gene

Prostaglandin E2

Pattern recognition receptors

Phosphate and tensin homolog

Precursor miRNA

Primary microRNA

RNA-induced silencing complex

Ribonucleic acid

xvi



RPMI-1640 Roswell Park Memorial Institute- 1640

RREB Ras-responsive element-binding protein
RT-qPCR Real time (quantitative) polymerase chain reaction
SCID Severe combined immunodeficient

SEM Standard error mean

SEM Scanning electron microscopy

SIRTI Sirtuin-1

SOCS Suppressors of cytokine signaling

STATI Signal transducer and activator of transcription |
TLR4 Toll like receptor 4

TLRs Toll-like receptors

TMEM49 Transmembrane protein 49

TNF-a Tumor necrosis factor-a

TRBP TAR RNA binding protein

uv Ultraviolet

VGEF vascular endothelial growth factor

VVL Vicia villosa lectin

YES Yamaguchi sarcoma viral oncogene

XVil



CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY
Cryptosporidium parvum (C. parvum) is a species of genus Cryptosporidium,
commonly known waterborne and food borne parasite (Ortega & Sterling, 2018; Osman
et al., 2018). Even though the parasite is ubiquitously found in water, livestock and
even in vegetables planted in wastewater, the harmful effect of Cryprosporidium is often
being neglected (Domenech et al., 2018). It has been reported that Cryptosporidium can
potentially cause cryptosporidiosis in human and animal (Sharifuzzaman et al., 2015;
Yusof & Isa, 2017; Xiao & Cama, 2018). Commonly, cryptosporidiosis is
gastrointestinal abnormalities aroused after Cryptosporidium infection which is
characterized by short-term or long-term diarrhea with abdominal pain (Rossle et al.,
2013; Benschop et al., 2017).

In genefal, the Cryptosporidium oocysts are hardy cysts which can survive in
the relatively extreme environmental conditions (Young et al., 2015). C. parvum is a
pathogenic Cryptosporidium species in human, generally ingested orally via water or
contaminated food and once ingested, the oocysts move to the small intestine and
release sporozoites which infect at the intestinal microvilli, especially in the area of
jejunum and ileum (Ryan & Hijjawi, 2015). Several Crypfosporidium species including
C. parvum remain in the lower intestinal tract in human for up to five weeks (Omoruyi
etal., 2014).

Colorectal parasitosis is the parasitic invasions in the colon that exhibits

consequences of bowel diseases (Hechenbleikner & McQuade, 2015; Tin &



Wiwanitkit, 2015). The apicomplexan parasite Cryptosporidium can potentially infect
the gastrointestinal tract of both normal and immunocompromised individuals
(Varughese et al., 2014). In immunocompetent individuals, Cryptosporidium invasion
leads to diarrhoea but such infection could be life threatening for immunocompromised
patients (Dehkordy et al., 2010; Rossle & Latif, 2013).

Apart from causing diarrhoeal disease, Cryptosporidium’s ability as pathogen
that could initiate and progress colon cancer was not taken seriously until the beginning
of the twentieth century. In 2007, for the first time, C. parvum was found to be a
potential pathogen to initiate colorectal cancer (CRC) in severe combined
immunodeficient (SCID) mice gut (Certad et al., 2007). The study observed that C.
parvum infection has led to the formation of adenocarcinoma lesions and polyps in the
gut of dexamethasone-treated SCID mice (Certad et al., 2007). Later on, in vivo study
on mice model delineated that Cryptosporidium infection can induce intestinal
dysplasia (Abdou et al., 2013), gastrointestinal neoplasia (Certad et al., 2010,
Benamrouz et al., 2012), digestive adenocarcinoma (Certad et al., 2010) and ileocaecal
adenocarcinoma (Benamrouz et al., 2014).

Colorectal cancer is the third most widespread malignancy in the world (Siegel
et al., 2014; Arnold et al., 2017). According to report, every year there are more than
1.4 million new cases of colorectal cancer around the world and causes about 700,000
deaths (Arnold et al., 2017). According to the Malaysian National Cancer Registry
Report 2007-2011, colorectal cancer is the second most common cancer in Malaysia
with 13,693 reported cases, accounting for 13.2% of the total cancer incidents (Azizah
etal., 2016).

In colorectal cancer patients, the susceptibility of Cryptosporidium infection is

higher than in normal individuals (Sulzyc-Bielicka et al., 2012; Osman et al., 2017). A

[\



recent study documented a high prevalence (23%) of Cryptosporidium infection in the
stool samples of 108 colorectal cancer patients in a medical university in Poland
(Sulzyc-Bielicka et al., 2018). However, there is still a lack of understanding on the role
of Cryptosporidium in cancer progression. In this context, it is important to observe the
infectivity of C. parvum in colorectal cancer cell lines. The progression or initiation of
colorectal cancer requires multiple genetic and epigenetic alteration within the cells
(Sulzyc-Bielicka et al., 2012). Dysregulation of certain genes expression causes the
transformation of normal cells to cancerous cells, or the cancerous cell starts to rapid
progression (Kastan & Bartek, 2004).

A potential biomarker for colorectal cancer is microRNAs (miRNAs), which
refers to a group of small noncoding RNAs (Luo et al.,2011; Thomas et al., 2015; Carter
el al.,, 2017). In the human body miRNAs are only 1-3% of the total genes, but
interestingly, this small fraction synchronizes more than 30% of all human genes (Slaby
et al., 2008). The miRNAs control multiple gene expressions and consequently
influence in the cancer regulation in human and animals (Hayes et al., 2014; Gambari
et al.,, 2016). Meanwhile, the oncogenic microRNAs (oncomiRNAs) refer to the
oncogenes that promotes tumor growth while the tumor suppressor miRNAs act as
tumor suppressor genes to inhibit the oncogenic function of the cells (Ariff et al., 2017;
Gambari et al., 2016).

The infection of C. parvum on the human epithelial cell lines causes alteration
of'a wide range of microRNAs expression profile (Zhou et al., 2012). The most common
infection site of the C. parvum is the human gut, especially the ileum of the small
intestine. However, the consequences of €. parvum infection is life-threatening in

immunocompromised patients especially colorectal cancer patients (Dehkordy et al.,



2010; Rossle & Latif, 2013). Hence, it is important to understand the miRNAs
regulation in colorectal cell lines upon C. parvum infection.

There are several microscopic detection methods available to identify the host-
parasite interaction. Immunofluorescent assay is the most popular and convenient
technique to detect the host-parasite interaction. On the other hand, scanning electron
microscopy assay provides the surface images that can be helpful to understand the
different stages of life cycles of C. parvum after certain period of inoculation to the cell

lines.

1.2 STATEMENT OF THE PROBLEM

In an immunocompetent host, apicomplexan parasite C. parvum may constitute self-
limited diarrheal disease (Ali et al., 2014). In this regard, an incompetent immunity
profile is not able to defend an immunocompromised host from the parasite infection.
Consequently, C. parvum infection could be life threating in immunocompromised
individuals such as HIV and cancer patients (Benamrouz et al., 2014).

The most common site of Cryptosporidium infection is the cells in the
gastrointestinal tract epithelium in vertebrates including humans (Sulzyc-Bielicka et al.,
2018). However, Cryptosporidium has ability to travel from intestine to extra-intestinal
area such as lung and liver especially in immunocompromised patients (O’Hara et al.,
2011). Hence, beside intestinal cryptosporidiosis, few cases of extra-intestinal
cryptosporidiosis have also been reported in immunocompromised patients (Reina et
al., 2016; Gupta et al., 2018). A recent clinical study reported a 14-years old girl with
nephrotic syndrome who was diagnosed with Cryptosporidium in the gall bladder
(Gupta et al., 2018). Moreover, Cryptosporidium can travel from the intestine to the

respiratory tract and infect the tract (Sponseller et al., 2014), and at a hospital in Uganda,



HIV infected children were diagnosed with Cryptosporidium in their saliva and cough
(Moret al., 2010). However, compared to the cases of intestinal cryptosporidiosis, cases
of hepato-biliary and respiratory cryptosporidiosis are very rare.

Parasitic infection in the epithelial cell lines triggers numerous genetic and
epigenetic changes within the cells (Schmid Hempel, 2011). In a cancerous cell line,
the infection may cause rapid progression of cancer. Hence, observation of the changes
in regulation of genes in cancer cells after C. parvum infection would help to understand
the relative changes in multiple cellular functions. The miRNAs are the potential
controller in the synchronization of numerous genes and regulate disease biology
(Zhang, 2008; Li & Kowdley, 2012), and the regulation of oncomiRNAs and tumor
suppressor miRNAs effectively influence in development of chronic diseases including
cancer (Adams et al., 2017).

In most previous in vitro experiments, hepatic or lung cancer cell lines were
used to observe the miRNA expression profile (Zhou et al., 2009; Hu et al., 2010; Gong
et al., 2011; Zhou et al., 2012; Zhou et al., 2013; Guesdon et al., 2015). However, the
primary infection site of the Cryptosporidium is colorectal region of the human and the
colorectal cancer patients are more frequently infected by this parasite (Sulzyc-Bielicka
et al., 2018). Consequently, more in vitro studies should be performed using colorectal
cancer cell lines for C. parvum infection model and the observation of regulation of
oncomiRNAs and tumor suppressor miRNAs is important to justify the role of C.
parvum in the progression of cancer.

Based on what discussed above, the current study was designed to quantify the
regulation of an oncomiRNA (miR-21) and a tumor suppressor miRNA (miR-145) upon
C. parvum infection in two colorectal cancer cell lines (HCT-8 and HT-29). Moreover,

to support the infection effectivity of C. parvum in host colorectal cell lines and to



observe the different developmental stages of life cycle of C. parvum the
immunofluorescent assay and the scanning electron microscope assay have been
performed in this study. Additionally, cancer cells are rapidly growing cells with higher
energy demand and L-glutamine is a potential energy supplier in the in vitro cell growth
media. As being cancer cell lines, HCT-8 and HT-29 are dependent on L-glutamine
concentration to meet energy demand in the form of adenosine triphosphate by L-
glutamine metabolism. In addition, the cells undergo aerobic glycolysis which releases
huge lectic acid that effects the extracellular pH condition largely (Huang et al., 2013).
Hence, cancer cell growth in lower pH will reduce the level beyond the minimum range
i.e. pH 5.6 (Tannock & Rotin, 1989; Griffiths, 1991) and affect the cell growth.
Therefore, in this current study the growth of the HCT-8 and HT-29 cells in different

concentration of L-Glutamine and pH was determined.

1.3 RESEARCH HYPOTHESIS

Colorectal cancer cells are in the class of rapidly growing cells and require high energy
to continue cell growth. Hence the cell growth will be higher in higher concentration of
L-glutamine in the media. As being a potential pathogenic and monoxenous parasite, C.
parvum should be appeared to infect in the immunofluorescent and scanning electron
microscopy. The C. parvum infection leads to inflammation on the epithelial cells.
Therefore, it was hypothesized that, the oncogenic microRNA miR-21 would be
upregulated while miR-145 would be downregulated in both HCT-8 and HT-29 upon

infection.



1.4 OBJECTIVES OF THE STUDY

1.4.1 General Objective

The general objective of this research is to quantify the changes in miRNA regulation

upon C. parvum infection in the colorectal cancer cell lines which will help to

understand the fatal consequences of C. parvum infection in the colorectal cancer

patients.

1.4.2 Specific Objectives

This study is aimed to achieve the following specific objectives:

1.

To observe the growth of HCT-8 and HT-29 cell lines in different L-
glutamine concentration at different pH.

To detect the C. parvum infection in HCT-8 and HT-29 cell lines via
immunofluorescent microscopy and to observe different developmental
stages of C. parvum infection on cell lines using scanning electron

microscopy.

. Toobserve miR-21 and miR-145 expression of HCT-8 and HT-29 colorectal

cancer cell lines infected with C. parvum by using SYBR Green real-time
quantitative polymerase chain reaction (RT-qPCR).
To compare expression of miR-21 and miR-145 in between HT-29 cell line

and HCT-8 infected with C. parvum.

1.5 SIGNIFICANCE OF THE STUDY

C. parvum is a very common pathogen which causes infection in the human and animal

intestine. It has been established that C. parvum produce cryptosporidiosis in humans

and some recent studies have also suggested the role of C. parvum in the progression of





