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ABSTRACT
Whereas a third of the world’s population is infected with Mycobacterium tuberculosis (M.

tuberculosis), there is still a lot to learn about the specific role of cellular immune system in
particular the role that is played by CD4" T cell derived IFN-y and micro RNAs in immune
modulation during active tuberculosis. Although IFN-y remains a very important mediator of
host immune response to M. tuberculosis infection, there has been documented speculations
about IFN-y independent mechanism of mtb control by CD4" T cells emphasizing on IFN-y
as a measure of inflammatory status other than an appropriate immune response. Although
miRNAs had been documented to be implicated in autoimmunity and cancer, it was not until
recently that investigators have suggested a role for them in host pathogen interaction
especially in modulating several processes in humoral and cell mediated immunity. This
study investigated the dynamics of IFN-y production during acute pulmonary tuberculosis in
a tuberculosis endemic region of Ghana. Again pathogen induced immune modulation in
CD4" T cells via miRNAs was investigated in tuberculosis patients and their exposed but

healthy household contacts.

This case control study nested with a cohort design recruited a total of 32 clinically
confirmed Tuberculosis patients and 56 exposed but healthy household contacts otherwise
referred to as Latent tuberculosis infected persons (LTBIs) consecutively from three hospitals
in Kumasi, Ghana (Komfo Anokye Teaching Hospital, Kwame Nkrumah University of
science and Technology Hospital and Kumasi South Hospital). PBMCs were isolated from
whole blood for stimulation using PPD and ESAT-6 as Tuberculosis specific antigen and
PMA/lo, PHA and SEB as positive control for 5 days. IFN-y from culture supernatants were
quantified using ELISA. CD4" T cells were isolated from PBMCs using the Imag system and
its purity determined using FACS analysis. MiRNAs were extracted from CD4" T cells and

the differential expression of candidate miRNAs were quantified using qRT-PCR.



It is shown in this study that IFN-y response is higher in LTBIs than tuberculosis patients.
IFN-y response pattern does not change significantly during antituberculous chemotherapy.
Again, concomitant diseases, age, sex and prior BCG vaccination does not influence IFN-y

response during acute pulmonary tuberculosis.

Moreover, study findings reveal that 7 different miRNAs may be involved in the T cell
response during acute Pulmonary Tuberculosis in Ghanaian study population. Their
differential expression was repressed prior to antituberculous chemotherapy but increased
significantly during therapy. The miRNAs are miR-25, miR-26a, miR-29a, miR-99b, miR-
101, miR-146a and miR-223. Candidate miRNAs’ differential expressions were not

significantly different from LTBIs.

Lastly miR-29a had a tendency to correlate positively with IFN-y response in tuberculosis
patients and LTBIs but this was not statistically significant except for tuberculosis specific

ESAT-6 induced IFN-y response in LTBIs that showed a significant positive correlation.

IFN-y mediated Th1 response is critical for control of Mycobacterium tuberculosis infection.
However there exists the possibility of a Thil- (CD4" T cell) dependent IFN-y independent
mechanism of M. tuberculosis control. IFN-y repression may be a likely immune evasive
mechanism employed by M. tuberculosis to overwhelm the host immunity. Consistent pattern
of significantly altered differential expression of miR-25, miR-26a, miR-29a, miR-99b, miR-
101, miR-146a and miR-223 suggests a role of these candidates in CD4" T cell immunity
during tuberculosis disease and recovery. These candidates may represent future candidates
for immunotherapies and vaccines against M. tuberculosis infections. Although miR-29a may
be involved with CD4+ T cell response to M. tuberculosis infection it appears not to be a
none redundant repressor of IFN-y production in tuberculosis patients and LTBIs. Thus, IFN-

vy and miRNAs may be important determinants of disease outcome during M. tuberculosis

Vi



infection. Future studies would consider possible targets for successful candidates with
significantly altered differential expression and varying expression in CD4" T cell sub
population. The current study is considered as an initial step to characterize the role of IFN-y

and microRNAs in tuberculosis.

vii



TABLE OF CONTENT

[ =Tod - = U1 o] o USRI i
=T [ o= U1 o] o IR ii
ACKNOWIBAGMENT ... e b bbb \Y;
N 11 = Tod SRS PR v
LIS OF TADIES ... ettt e re e xiii
LIST OF FIQUIES ...ttt ettt sttt r et e et e st e st e e teeneesbeebeaneenneas XV
LiSt OF ADDIEVIALIONS ..o et es XiX
CNAPLET ONE ...t bbbttt bbbttt 1
1.0 INEFOTUCTION ...ttt bbbkttt bbb b e neene e e e 1
1.1 Rationale 0f the STUAY..........coiiiiieiieic e i cs i sres 5
O o 1Y/ 010 14 T=T] 1SS PSRRI 8
1.3 GENEIAl ODJECHIVES ... .ccuiiiiiiiiece ettt te et e re e s reenteaneenreas 8
1.4 SPECITIC ODJECIIVE. ...c.viiiiiiiieiie ettt ettt et e et e s este et e e teesteenbeeneesreas 8
(@8 T o) IV TSR 10
2.0 LIErature REVIBW. .. .. iuiiiiiie ittt et sttt sttt ettt be st st e b ne e s e 10
2.1 OVErvView OF TUDEICUIOSIS...........iiiieieiiesie et ettt re s enens 10
2.2 History of Tuberewlosts e 1. B ... .. W gl . e, 11
SR DIT: o]y o7 [ TN e . SR I e oy S 12
2.4 Current Treatment iN GRaNa ..........oooiiiiiiii e 12
2.4.1 Standard Regime ... o i . ..o ceeerere e 13
2.4.2 RetreatmepiRegine.., . S . A F . I gyt eeeens 13
2.5 Etiology......... . Mo Moo e i e nenne sl et 14
2.6 EPIAEMIOIOQY ...ttt bbb bbbt 15
2.7 Overview Of IMMmMUNOPAtNOGENESIS ......oouiriririiiiii et 16
2.7.1 Humans generate Th1 immunity during tuberculosis ...........ccccooviereiinenencsieeen, 18
2.7.2 Route and Site Of INFECHION.........ciiiiieece e 19
2.7.3 Events after M. tuberculosis iNfECLION............ccocvviieie i 19
2.7.4 Antimycobacterial FUNCHIONS ..........cooiiiiiiiiiiie e 20
2.7.5 Binding of M. tuberculosis t0 PRAgOCYLES .........ccccoiiriiiriiieciee e, 20
2.7.6 PhagolySOSOME FUSION.......ccciiiieiiie it 20
2.7.7 Macrophage initiated mechanism of Mycobacterial growth inhibition or killing ...... 21
2.7.8 Reactive Nitrogen IntermediateS (RNI) ....ccooviiiiiiiiiin e 21
2.7.9 Reactive Oxygen Intermediate (ROI) .....c.oociiiiiiiiiie e 22



2.7.10 Evasion of Host immune mechanisms by M. tuberculosis ..........ccccoccviieviiieiinnnne, 23

2.8 INNALE TMMUNITY .ottt et re e st et e e st e sreenteeneeeneenne e 25
2.8 1 INTAMIP ..ttt h b ettt 25
2.8.2 NEULTOPNIIS ... 25
2.8.3 Natural Killer (NK) CellS........cuiiiiiiieie it 27
2.8.4 CD1d-restricted Natural Killer T (NKT) CelIS ......ocveiiiiiiiiiceeee e, 28
2.8.5 Gamma/lambda (Y/8) T-CeIIS......ccueiieiiieie e 28
2.8.6 MACrOPhageS (MAC)......ui ettt be e ra et reeae e 29
2.8.7 DendritiC Cell (DC) ....viiieiiieiie ettt 32

2.9 AJAPLIVE IMIMUNILY L.oviiice it e e e sbe e e e e re e e s e e te e e e saeesreensesneenneens 34
2.9, L T CRIIS .. 34
2.9. 1.1 CDAT T CRIS .ottt ettt 34
2.9.1.2 CD8 T CIS ...ttt sttt 35

0 O O (o] (] 1 OSSO 36
2.10.1 INterleukin 12 (IL-12).......ociieieiieiteeie s se et ste e raesre e sreene e 36
2.10.2 Interferon gamma (IFN-Y) ..ot 37
2.10.3 Tumour KECTosis.Faotendn( [ TNF—d e e e e e 38
2.10.4 Interleukin IOl z40)"0 . LB ... . g 39

2.11 MICRO RNAS (MIRNAS) ...t iteitreiiiiesteeseeaeesseesesssassseesaassssseessessessseesseasesseessesssesseessenns 41
2.11.1 Biogenesis ...... /... Ry =% gt o ... L. 41
2.11.2 Role of miRNASs in immune system development and function..............cc.cceeveeeneee. 44
2.11.3 MiRNAs in the regulation of innate IMmMUNILY .........ccocoiiiiiiiieneee e, 44
2.11.4 MiRNAs in the regulation of adaptive immunity............cooeierininenineneseeeee, 46
2.11.5 MiRNAs and bacterial INfECHION ..........ccooviiiiiie e 47
2.11.6 MiRNASs and Mycobacterial INFECTION ........ccceviiiiieriiiiiiiecce e, 48

CNAPLET TNTEE ... bbbttt bbb bbb 50

3.0 MELNOAOIOGY ... bbb 50

3.1 StUAY POPUILION ... et be e e e ae e 50

I ([0 VA 1< VOSSP OO RUPOUPPRS 50

KRG 1[0 YA (1S T PP OO RUPUPPRS 50

3.4 Diagnosis at the NOSPItAl ............coviiiiiii e e 51

RGN [0 1o] [T TS [o] ool 1 =T - TP ORP 51

3.6 EXCIUSION CHIEEITA ....eveeitieieee ettt bttt sttt sb e te s b e nne e 51



ST FIBIO WOTK .. 51

3.8 SAMPIE COIBCTION ... 52
3.9 LADOTALOIY SSAY ....veeveeieeieaiiesieesieeseeeseesteastesseesteestesseesbeensesseesaeeseaseesbeenbeaneesseenseeneeaseensenns 53
IR N o] = 1Y (O [T ] = U1 o] PRSPPI 53
3.9.1.1 Preparing SAMPIES .......coeiiiiiiieiiesiesti ettt 53
3.9.1.2 BlOOG LAYEIING.....cueitieiieiieiieeeie sttt bbb bbbt 53
3.9.1.3 PBIMIC SEPAIALION ....vecuveiveeireeiesieeiteetesiee et e e te e staeae e taebesnaesnaeneeneesneenneans 54
3.9.1.4 T WASNING ...ttt 54
3.9.1.5 2™ WASHING ...ttt ettt 54
IR 0= | I o 10 ] 13T [ SRS 55
3.9.3 In vitro stimulation of PBMC with M. tuberculosis specific antigens........................ 56
3.9.6 Enzyme Linked Immunosorbent Assay (ELISA) ......coovoiiiiiiiiieieeee e 57
3.9.6.1 ANtiDOAY COALING .....ecveiiieir ettt sre e sre e ae e 58
3.9.6.2 Blocking of unspecific binding SItES ........c.coviieeiieiiiicie e, 58
3.9.6.3 Incubation of Culture SUPErNataNnt ..........cccceveiiierieiiie e 58
3.9.6.4 DEIECHION ....ovireeireerireessee vasntassaeasesssadtes s insbasaRaseeesesseessesnssssnsssennsesnesssnensessesssnensenes 58
3.9.6.5 Elisa RO . ..o s e o e, 59
3.9.7 MiRNA IsolatfQ. g S~ LA . L ool 60
3.9.8 RNA QUANTITICALION ....eeiiiuieiireeiiitieseeeeseesee s ssassee e nesasseeesaesseesseensessensreensessessseensenns 61
3.9.9 TagMan Reverse Transcription for Plate aSSay..........ccuovrieiriiiieieieiiie e, 61
3.9.10 TagMan Reverse Transcription for Single @ssay .........ccoooviiiieieiineneseeeee, 62
3.9.11 gRT-PCRforRlate Al .. o . A T .. 63
3.9.12 gRT-PCR TOr-SiNgle ASSay.:. it i srsmmmmse e ereerensbbengiiinnsbesseesseseesessessessesseens 65
3.10 SEAtISTICAl ANAIYSIS ... ittt e bbbt sb bt 66
3.11 Data handling .........occveeee e M P 3 e - B st o ssesaee e senssnssnssnssesseans 67
3. 12 EthiCal @PProVal .....c.coviiiiece s 67
CRAPLET FOUT ...t bbbttt ettt b bbbt 68
A0 RESUIES ...t ettt bbb nne s 68
4.1 Dynamics of Interferon-gamma reSPONSE.........eeiuiiiiieiieeiieeiee e 68
4.1.1 Interferon-gamma response over treatment Period ..........ccccovvevieiieesiie e vie e 68
4.1.2 Interferon-gamma response between patients and their contacts...........cccccvvviieennnnns 70
4.1.3 Interferon-gamma response between vaccinated and non-vaccinated patients........... 71

4.1.4 Influence of age, sex and concomitant diseases on interferon-gamma response among
[0 LT 0SSPSO 72

X



4.2 Candidate MIRNA SCIEENING ...c.voviitiitiiirieii ettt 75

A2 L MIR-25. ittt e et e e e e be e e br e e te e nate e e e nrre s 76
A 1112 T USRS 78
A.2.3 MIR-298.....e ettt ettt nre e re e ne e 79
4.2 4 MIR-99D......ciiiiie et reens 80
A.2.5 MIR-LOL. . et e et e et e e st e e e e e sb e e e be e s tb e e teenrreereearrean 82
4,26 MIR=1ABA.......ciiuiiieieiiiieiet ettt sttt s bttt et et e be st et e reebesbe e esesteseene et 84
A.2.7 MIR=223 ..ottt sttt s et et s et st e et et teseete bt ene et seeneens 86
4.2.8 MiRNA expression between patients and CONACES...........ccccvveveiieieeiecie s, 87
4.3 Modulation of Interferon gamma response By MiR-29a...........c.cccevviieii e, 90
(04 F:To) (=1 gl V- Ut S, O . A, S 93
5.0 DISCUSSION ...ttt ebe bbb bbbt bt s st e et b e st e b e e b e neaneenens 93
5.1 Interferon-gamma response over treatment PEriod.............ccecveveevieiieececiie s, 93
5.2 Interferon-gamma response between patients and their contacts ..............cccccevveieieennenn, 94
5.3 Interferon-gamma response between vaccinated and non-vaccinated patients. ................ 96
5.4 Influence of age, sex and concomitant diseases on interferon-gamma response among
Patients. ............ Mg v I . ...t reeagle e 97
5.5 Candidate MIRNA SCrEENING.....cccuciiiieirieieeieiteeite et e e st saessaesae e steesteeeesseesreesresseenseens 98
5.6 Limitations of the StUdy & - o iam imios. . cogadle. - - ce P g omns B e o eceeneeneesneeserssesensaes 104
Chapter SiX .....cccvvvvevne ... T . ... AR ... Y ...........ceceeveeneeraenaens 105
6.0 Conclusions and ReCOMMENTALIONS ........cceeireirreereeie e eree e ste e sreesee e neees 105
CRNOO (o [TE o] T—. A B SR 105
6.2 RECOMMENAALIONS .. ten eeeveveeeeeede unareeenatine eeeetheeeeesseeeesueeneesunsbonsibanseshereneeseessenssesneesrens 105
6.3 Novelty and LeSSONS TEAIMNT. ....c.....oiiiiiiiiiieieic i 106
6.4 Contribution t0 KNOWIBAGE ........ooueiiiiiiiiinirieiie et 107
L E =T =] 0TSSR 108
AADPEINTICES ...ttt bbbttt bbb bt b et a ettt bbbttt 154
N 0] o 1=] 16 D QOSSPSR SSPPP 154
Patient demographics and 1aboratory COUING .........oovviiiiiieieieeee e 154
APPENTIX B ..ottt bbbt 157
Cell counts of patients at various time POINES ........cccvevieiieiiieiie e 157
F AN o] o 1=] 0 [ ST RUPTPOPRS 158
Patient Interferon-gamma response for first time Point..........ccccooereiiinin e 158
F N o] 011010 G I SR P TSP 161



Patient Interferon-gamma responses for second time PoiNt..........ccoccveverieiiereniesieene e 161

APPENAIX E ot 164
Patient Interferon-gamma responses for third time point..........cccccovverevin e 164
APPENAIX Foe ettt bttt 167
LTBIS Interferon-gamma FESPONSES ........ccverververreriemieesiereiteseessestesiesseeseesessessessessesse e seeneens 167
APPENAIX G bbbt bbb bbbt 171
Compiled Patient Ct values fOr SINGIE @SSAY ..........ccviiereiieiieie e ese e 171
N o] 01 00 LG SRS 173
Compiled LTBI Ct VaAlUES TOr ASSAY .....eeiveeiiiiieiieeie ettt sva e nnes 173
AN o] 0100 3 G OSSPSR 175
First part of compiled patient Ct values for plate assay...........ccccccevvveveiieeie e, 175
AN o] 0100 3 G SRRSO 179
Second part of compiled patient Ct values for plate assay ...........ccccceevveeveiieeii e s 179
APPENTIX K ottt e e sb e et e e s e e be e e et e be e te et e e b e e te et e e e re et e reenneens 183
Raw Data display from the Applied Biosystem’s real time PCR ...........cccccoocviiniiniininniennn, 183
PaNe] o100 [)'¢) IR, <y e S 195
Converted RT-PCR results from raw data..........cccooviiiieniniiininicieese s 195
AppendiX M ... Mg i G R - ol e o o g 197
Data Entry FOrm fOr CONTIOIS ......coouiiiiieiiiisie et 197
Vol llp (o1 o \ OO O A O AP o YO T 198
Data Entry fOrm fOr TB PAtIBNTS ...........coeiiiiiiiieiiiee ettt 198
Appendix O....... Frad o T il R ..o 200
Ethics Approval LetErgme M. .- .. .. gt rreerrerius. ... ..yl gl e reneerressnsessessens 200
APPENAIX P S o i i e e I gt e e eeverennessnssnssnssessnnns 201
Data Entry form template for TB Pati€Nts ........cccvveeieiieiieieeie e 201
APPENTIX Qi bbbttt bbbttt b bbbttt e e 204
Pictures of study from field to the 1ab0ratory ..o 204

xii



LIST OF TABLES

Table 1 ANTIGENS AND THEIR VOLUMES USED PER WELL ........ccccoooiiiiniiiiiceee, S7
Table 2 SCHEME OF MASTERMIX FOR PRIMER POOL A .....coooiiiiiiiiieeeeee, 61
Table 3 SCHEME OF MASTERMIX FOR PRIMER POOL B ......cocooiiiiiiiiiieecee, 62
Table 4 PCR PROGRAMMIE .......coooiiiiiiitieite e 62
Table 5 SCHEME OF MASTERMIX FOR MIR-29A.......ccoi i, 63
Table 6 SCHEME OF MASTERMIX FOR RNUA48 ..ot 63
Table 7 SCHEME FOR RT-PCR MASTERMIX ..o, 64
Table 8 SCHEME FOR PIPPETING UNTO AN OPTICAL 96 WELL PLATE................... 64
Table 9 PLATE ARRAY PCR PROGRAMME........ccooiiiiiiiiiiee e, 65
Table 10 SCHEME FOR PREPARING MASTERMIX ........ccooiiiiiiiiiiieeeeeee, 66

Table 12 MEDIAN DIFFERENTIAL EXPRESSION OF NONE ALTERED MIRNAs IN

LTBIAND TB PATIENTS ...t 89
Table 13 PATIENT DEMOGRAPHICS AND LABORATORY CODING.......cccccovvvennnn. 154
Table 14 CELL COUNTS OF PATIENTS AT VARIOUS TIME POINTS..........cccceivenne. 157

Table 15 PATIENT INTERFERON-GAMMA RESPONSES FOR FIRST TIME POINT .158

Table 16 PATIENT INTERFERON-GAMMA RESPONSES FOR SECOND TIME POINT

Table 17 PATIENT INTERFERON-GAMMA RESPONSES FOR THIRD TIME POINT 164

Table 18 LTBIs INTERFERON-GAMMA RESPONSES.........cccoiiiiiineeneeeee 167
Table 19 COMPILED PATIENT Ct VALUES FOR SINGLE ASSAY .....cccoviniiiiiiieen, 171
Table 20 COMPILED LTBI Ct VALUES FOR PLATE ASSAY ...cooiiiiiiieieniseeeeeeees 173

Table 21 FIRST PART OF COMPILED PATIENT Ct VALUES FOR PLATE ASSAY 175

Xiii



Table 22 SECOND PART OF COMPILED PATIENT Ct VALUES FOR PLATE ASSAY

................................................................................................................................................ 179
Table 23 RAW DATA DISPLAY FROM THE APPLIED BIOSYSTEM’S REAL TIME

P R e 183
Table 24 CONVERTED RT-PCR RESULTS FROM RAW DATA ... 195

Xiv



LIST OF FIGURES
Figure 1 estimated Global tuberculosis incidence rate in 2010 .........cccceveieiiiinininiceiee, 15
Figure 2 Neutrophils ingest M. tuberculosis (Palomino et al., 2007) .........cccooevvivniininnnenne 27

Figure 3 Coloured scanning electron micrograph of a macrophage cell engulfing a bacterium

.................................................................................................................................................. 31
Figure 4 The intracellular lifestyle of Mycobacterium tuberculosis............ccccooovvriiiiiienene. 31
Figure 5 Innate immunity to tuberculosis INFECTION ..........cciiiiiiiiiice e 33
Figure 6 miRNA biogenesis and action in animal Cells........c..ccoooiiiiiiiiiiieeee, 44
Figure 7 miRNAs in the regulation of innate immunity (Dai and Ahmed, 2011)................... 45
Figure 8 miRNAs in the regulation of adaptive ImMmuNIty ...........ccccooviiiiiiiiineeeeeeen 47
Figure 9 The first 2 tubes on the left contains blood diluted with PBS and the right tube

contains biocoll layered With DlOOG. .......coiiiiiiiie e, 53
Figure 10 Layering biocoll with BIOOd. ........cc.ooiiiii e, 54
Figure 11 cells pelleted at the base of the falcon tube after 2nd washing. .........c.cc.cceoveieienee. 55

Figure 12 Neubauer hemacytometer loaded with samples for counting on the Zeiss Axiovert
25 inverted MICrOSCOPE ... R .. T r e TR et e ol o ceeceeeenesensrnssnssnssnnsnans 56
Figure 13 Colour of positive wells changes from blue to yellow upon addition of sulphuric
acid just before reading with SUNRISE ELISA Maching ...........cccovviviiiiiiiiinieeee, 60

Figure 14 monitor displaying Amplification plot from a ran sample using the 7500 software

Figure 15 shows PPD induced IFN-y response of Tuberculosis patients at 3 time points (Time
points 0(N=19), 1 (N=19), aNd 6 (NT31)). ..ccvereriririeieieie e 69
Figure 16 shows SEB induced IFN-y response of TB patients at 3 time points (time point

1(N=18), 2 (N=18), 3 (NT3L)) .eueireiuieieie ettt sb bbb 70

XV



Figure 17 shows PPD induced IFN-y response between Tuberculosis (TB) patients (n= 18)
and Latent Tuberculosis Infected contacts (LTBIS) (N=38)......ccccceririrniiniinieiie e, 70
Figure 18 shows SEB induced IFN-y response between Tuberculosis (TB) patients (n= 18)
and Latent Tuberculosis Infected contacts (LTBIS) (N=40)......ccccceririeniinniniienee e, 71
Figure 19 shows PPD induced IFN-y response between BCG vaccinated Tuberculosis
patients (n=27) and non-vaccinated Tuberculosis patients (N=43) ........ccecvvverieeieninieerenn 71
Figure 20 shows SEB induced IFN-y response between BCG vaccinated Tuberculosis
patients (n= 26) and non-vaccinated Tuberculosis patients (N=42) ........cccccoevvrvverivsiniverennnns 72
Figure 21 Correlations between age of patients and PPD induced IFN-y responses are shown
on the left for time point 0 (a) (n=18), time point 1(b) (n=16) and time point 6(c) (n=29). On
the right of the graph are Correlations between age of patients and SEB induced IFN-y
responses for time point 0 (e) (n=18), time point 1(f) (n=18) and time point 6(g) (n=31)......74
Figure 22 (a) shows PPD induced IFN-y responses between male (n=51) and female (n=17)
patients (b) shows SEB induced IFN-y responses between male (n=50) and female (n=16)
PALIENTS ....ovvererrerrereneeaglon R ... At .Y ........oocirennrnnnnnnnnnnnaes 74
Figure 23 (a) shows PPD induced IFN-y responses between Tuberculosis patients (TB)
(n=18) and Tuberculosis patients with concomitant disease (TB+ CD) (n=3) (b) shows SEB
induced IFN-y responses between Tuberculosis patients (TB) (n=18) and Tuberculosis
patients with concomitant disease (TB+ CD) (N=3) ....coiviiiieiiiiiiiiieicee e 74
Figure 24 shows preselected candidate miRNAs and successful candidates. Blue tabs on the
left shows all 29 candidates, yellow tab shows the endogenous housekeeping gene used,
middle red tabs shows detectable miRNAs and orange right tabs show significantly altered

(07T 00 [0 = (SRS 76
Figure 25 Shows differential expression of miR-25 during antituberculous chemotherapy.

Time point 0 (n=11), time point 1 (n=9) and time point 6 (N=7)......ccccevvvverireieceie e, 77

XVi



Figure 26 shows differential expression pattern of miR-25 for 5 different patients during
antituberculous chemotherapy indicated by letters A-E. ..., 77
Figure 27 Shows differential expression of miR-26a during antituberculous chemotherapy.
Time point 0 (n=11), time point 1 (n=9) and time point 6 (N=7)......cccevvrirriimrriieniere e, 78
Figure 28 shows differential expression pattern of miR-26a for 5 different patients during
antituberculous chemotherapy indicated by letters A-E. ..., 79
Figure 29 Shows differential expression of miR-29a during antituberculous chemotherapy.
Time point 0 (n=14), time point 1 (n=13) and time point 6 (N=25)...........cccecvervrrrrieerrrinnnnns 80
Figure 30 shows differential expression pattern of miR-29a for 5 different patients during
antituberculous chemotherapy indicated by letters A-E. ... iveiiiiiiei e, 80
Figure 31 Shows differential expression of miR-99b during antituberculous chemotherapy.
Time point 0 (n=11), time point 1 (n=9) and time PoiNt 6 (N=7)........ccccccerireriiriririeeeee, 81
Figure 32 shows differential expression pattern of miR-99b for 5 different patients during
antituberculous chemotherapy indicated by letters A-E. ..., 82
Figure 33 Shows differential expression of miR-101 during antituberculous chemotherapy.
Time point 0 (n=11), time point 1 (n=9) and time PoiNt 6 (N=7)........cccevvririririrereeeeee, 83
Figure 34 shows differential expression pattern of miR-101 for 5 different patients during
antituberculous chemotherapy indicated by letters A-E. .......cccoovoieiieiie i, 84
Figure 35 Shows differential expression of miR-146a during antituberculous chemotherapy.
Time point 0 (n=11), time point 1 (n=9) and time PoiNt 6 (N=7).......ccccerererieniirirereeeeee, 85
Figure 36 shows differential expression pattern of miR-146a for 5 different patients during
antituberculous chemotherapy indicated by letters A-E. .......cccovviveveiieiieie e, 85
Figure 37 Shows differential expression of miR-223 during antituberculous chemotherapy.

Time point 0 (n=11), time point 1 (n=9) and time PoiNt 6 (N=7).......ccccerererieniiriinirieeee, 86

XVil



Figure 38 shows differential expression pattern of miR-146a for 5 different patients during
antituberculous chemotherapy indicated by letters A-E. ..., 87
Figure 39 shows relative expressions of preselected candidate miRNAs (that were
significantly altered during treatment) of patients (n=13) and LTBIS (N=11)......c...cccecvrrurrnen. 88
Figure 40 shows correlation between miR-29a and IFN-y responses induced by 5 different
antigens for Tuberculosis PAtiENtS (N=45)......c.ooiiiiiiieee e 91
Figure 41 shows correlation between miR-29a and IFN-y responses induced by 5 different
antigens fOr LTBIS (N=18). cuveuiiiiiiiiiie ettt sre e eneenne e s e 92
Figure 42 A typical entered data sheet for household contacts of tuberculosis patients enrolled
TOF TNES STUAY .ottt 197

Figure 43 A typical entered data sheet for tuberculosis patients enrolled for this study....... 198

Figure 44 Ethics Approval letter from Local Ethics committee............cccooceiiiiiiiiiiceen, 200
Figure 45 Data entry form for tuberculosis patients .............cccvviiveiiiiie s, 201
Figure 46 Data entry form for household contacts of tuberculosis patients .............c.cccvene... 203

Figure 47 Study team arrives at the house of the patients to take samples from patients and

their CONTACES .......ccvceeeee b e TR e e eoal oo ceeeenenenesnnses e ssessenaes 204
Figure 48 Taking blood samples from study partiCipants..............cccooeriirieneneneseeieereenen, 204
Figure 49 Laboratory processing of SAmPIeS ..., 205

Xviii



LIST OF ABBREVIATIONS

AFB
AIDS
AMC-1
APC
BCG
BSA
CcC
CCR-7
CD4
cDNA
CHRPE
CMI
CR1
CR2
CR3
DC
DC-SIGN
DG-CR8
DMSO
DOTS
DPBS
DTH

E
ELISA

ESAT-6

Acid Fast Bacillus

Acquired Immune Deficiency Syndrome
Acute Myeloid Leukemia-1

Antigen Presenting Cells

Bacillus Calmette Guerin

Bovine Serum Albumin

Chemokine

Chemokine receptor 7

Cluster of Differentiation 4
Complementary Deoxy Ribonucleic Acid
Committee on Human Research, Publication and Ethics
Cell Mediated Immune Response
Complement Receptor 1

Complement Receptor 2

Complement Receptor 3

Dendritic Cells

Dendritic cell-specific intracellular-adhesion-molecule- grabbing non-integrin
DG-CR8

Dimethyl sulfoxide

Directly Observed Treatment Short course
Dulbecco’s Phosphate Buffered Saline
Delayed Type Hypersensitivity
Ethanbutol

Enzyme Linked Immunosorbent Assay

Early Signs of Antigenic Target 6 kDa

XiX



FACS
GKO
GM-CSF
GNDP

GPI

H,SO,
HIV
HKG
IFN-B
IFN-y
IL-10
IL-12
IL-12
IL-13
IL-18
IL-2
IL-23
IL-4
IL-5
IL-6

INOS2

KATH
kDa
KNUST

KSH

Fluorescent Activated Cell Sorting
Gene Knockout
Granulocyte-Macrophage-Colony Stimulating Factor
Ghana National Drug Programme
Glycosylphosphatidylinositol
Isoniazid

Tetra Oxo Sulphate (VI) Acid
Human Immunodeficiency Virus
House Keeping Gene
Interferon-beta

Interferon-gamma

Interleukin-10

Interleukin 12

Interleukin-12

Interleukin-13

Interleukin 18

Interleukin 2

Interleukin 23

Interleukin-4

Interleukin-5

Interleukin-6

Inducible nitric oxide synthase
lonomycin

Komfo Anokye Teaching Hospital

Kilo Dalton

Kwame Nkrumah University of Science and Technology

Kumasi South Hospital

XX



LAM
LTBI
mAb
MAC
M-CSFR
MDR-TB
MHC
MiRNA
MR

NK cells
NKT cells
NO

oD
PBMC
PBS
PGE2
PHA
PMA
PMN
PPD

PPDtub

Pre-miRNA

gRT-PCR
R

RISC
RNA

RNI

Lipoarabinomannan

Latent Tuberculosis Infection
Monoclonal Antibody

Macrophages

Macrophage colony-stimulating factor receptor
Multi Drug Resistant Tuberculosis
Major Histocompatibility Complex
micro Ribonucleic Acid

Mannose Receptor

Natural Killer Cells

Natural Killer T cells

Nitric oxide

Optical Density

Peripheral Blood Mononuclear Cells
Phosphate Buffered Saline
Prostaglandine E2
Phytohaemagglutinin

Phorbol 12-Myrstate 13-Acetate
Polymorphonuclear Neutrophils
Purified Protein Derivative

Purified protein Derivative tuberculosis

Precursor micro Ribonucleic Acid

Quantitative Real Time Reverse Transcription Polymerase Chain Reaction

Rifampicin
RNA-induced Silencing complex
Ribonucleic Acid

Reactive Nitrogen Intermediate

XXi



ROI
ROS
RT-PCR
SEB
SEM

SR

TAP

B
TGF-B
Thl

Th2
TLR-2
TLR-4
TMB
TNF-a
USA
WHO
XDR-TB
Z

a-f cells

v-0 T cells

Reactive Oxygen Intermediate

Reactive Oxygen specie

Reverse transcription Polymerase Chain Reaction

Staphylococcal Enterotoxin B
Scanning Electron Microscope

Spearman’s Coefficient of correlation

Transporter Associated with Antigen Processing

Tuberculosis

Transforming Growth Factor-beta
T helper type 1

T helper type 2

Toll Like Receptor 2

Toll Like Receptor 4
TetraMethylBenzidin

Tumour Necrosis Factor-alpha
United States of America

World Health Organization
Extreme Drug Resistance Tuberculosis
Pyrazinamide

Alpha-beta cells

Gamma-lambda T cells

XXii



CHAPTER ONE

1.0 INTRODUCTION

Tuberculosis commonly referred to as TB is a common and deadly infectious disease in the
world caused by several strains of mycobacteria mostly Mycobacterium tuberculosis (M.
tuberculosis) in humans (Flynn and Chan, 2001a). Approximately one third of humans are
infected with M. tuberculosis (Kleinsteuber et al., 2013). It is the second most deadly
infectious disease next to Human Immunodeficiency virus causing Acquired
Immunodeficiency Syndrome (HIV/AIDS) (WHO, 2011). Tuberculosis mostly infects the
lungs and is known as acute pulmonary tuberculosis. It can however spread to other parts of
the body and infect other organs leading to miliary or disseminated tuberculosis. Classical
symptoms of the disease include coughs, fever, night sweats and weight loss. The drastic

weight loss experienced by patients particularly won it its name consumption.

Tuberculosis is spread when M. tuberculosis is transferred via aerosols generated by an
infected person by talking, sneezing or coughing. The extent of infection depends on a
number of factors that include the host’s immune strength, duration and frequency of

exposure and the virulence of the mycobacteria species (Dheda et al., 2010).

There could be several outcomes to a person encountering M. tuberculosis. The innate
immune response though not characteristic can eliminate the bacteria. The induction of
acquired cell mediated immunity can in some cases revert the infection or contain it. Such
individuals are considered to have Latent Tuberculosis Infection (LTBI). In this state the
individual is asymptomatic and is incapable of spreading the infection. About 5-10% of
people with LTBI would develop into acute tuberculosis from 1-3 years from the time of

infection (Flynn and Chan, 2001a, Styblo, 1980). Others have also shown that development



of active tuberculosis can be from 2-5 years following the point of infection (Dheda et al.,

2010, Cooper, 2009).

Development of active tuberculosis is not associated with immunodeficiency. In most cases,
other factors such as HIV infection, treatment with corticosteroids, ageing, alcohol or drug

abuse can predispose individuals to reactivation (Flynn and Chan, 2001a).

The outcome of M. tuberculosis infection depends on a number of factors prominent among
which includes the pivotal containment by the cell mediated immune response to the
aetiological agent by the host. This has been the focus for immunologists for decades.
Although we know more about the immune interaction between M. tuberculosis and host
immune system with its consequent infection outcome (Raja, 2004), exact mechanisms and
key immunopathogenic pathways remains hypothetical at best. The help of modern day
advanced tools for immunological studies have improved our understanding of this

prehistoric infection (Flynn and Chan, 2001a).

Although bacterial virulence and host resistance are two independent variables, the
pathogenesis of tuberculosis is largely attributed to the interactions between these variables.
The last decade has seen a profound illumination into the specific role of bacterial and host
components. These efforts are focused on identifying virulence factors, drug targets within
the bacterium, resistance factors, mechanisms of immune modulation and components of the
host’s immune system that can be augmented and altered by vaccination (Cooper, 2009).
Several factors have been identified which are crucial for protection against development of
active tuberculosis. It is largely accepted that interactions between T cells and infected
macrophages play a major role in protection from tuberculosis (Raja, 2004). Interferon
gamma (IFN-y), Tumour Necrosis Factor alpha (TNF-a) and Interleukin-12 (IL-12) are

crucial mediators in this process. The most profound advantage of the acquired cellular



immune response which is crucial in resistance against M. tuberculosis is the rapidity with
which it is expressed. A delay in the response would lead to high bacteraemia such that a

potentially protective immune response would not contain it.

In the same regard, dose plays a role in the ability of the host to mount a protective immune
response to contain the bacteria. If there is too high bacteraemia, the local bacterial burden
may go beyond the threshold of immune containment and this will interfere with efficient

expression of protective immunity (Cooper, 2009).

Interferon gamma has been studied extensively as a mediator of cellular immune response
against intracellular bacteria like M. tuberculosis (Feng et al., 1999, Flynn et al., 1993).
Increased bacterial load and decreased survival time was observed in interferon gamma (IFN-
y) receptor deficient mice (Flynn et al., 1993, Cooper et al., 1993). Nevertheless, it has been
observed that quantitative assessment of single markers i.e. IFN-y or tumour necrosis factor-
alpha (TNF-a) is insufficient as a correlate of protection against tuberculosis (Boussiotis et
al., 2000). The influence of other T helper cell subtypes in the immune response against M.
tuberculosis is a matter of intense studies and has become increasingly complicated because
of ‘novel” T cell subtypes identified during recent years. E.g. interleukin 10 (IL-10) and
Transforming growth factor beta (TGF-B) expressing regulatory T cells have been shown to
play a role in a stage of hypo responsiveness of M. tuberculosis-specific T cells during active
tuberculosis disease (Delgado et al., 2002, Boussiotis et al., 2000). Whereas there is a pool of
data that suggests the importance of IFN-y in the immune response to M. tuberculosis both in
murine and human studies (Cooper et al., 2002, Dalton et al., 1993, Feng et al., 1999, Fenton
et al., 1997, Flynn et al., 1993, Jo et al., 2003), there is new information that seeks to
challenge the relevance of IFN-y in IFN-y dependent T cell mediated control of M.
tuberculosis infection (Gallegos et al., 2011). In Gallegos et al.’s work, they provided

compelling evidence that CD4" T cells can induce M. tuberculosis growth arrest, even when
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unable to secrete IFN-y, TNF or both cytokines. It however contradicts the work by Silva et
al. who showed that mean IFN-y response was higher in treated tuberculosis patients than in

acute tuberculosis patients (Silva et al., 2012).

Protective immunity by Bacillus Calmette Guerin (BCG) is documented to be dependent
upon the induction of CD4" T cells that produce IFN-y which subsequently induce
bactericiding via macrophage activation (Hanekom, 2005, Hussey et al., 2007). In the case of
tuberculosis, Abebe documents that IFN-y produced by CD4" T cells has been used as a
yardstick against which BCG or other tuberculosis vaccine induced immunity to tuberculosis

is assessed (Abebe, 2012).

Though the general school of thought is that BCG induced immunity is lost in adults, some
studies do report a lack of correlation between BCG induced immune protection and IFN-y
secreted by CD4" T cells (Connor et al., 2010, Hussey et al., 2007, McShane, 2011). Thus we
investigated the disparity of IFN-y expression between BCG vaccinated and none BCG
vaccinated acute pulmonary tuberculosis patients in an attempt to define the effect of prior

BCG vaccination on immune response during active disease state.

M. tuberculosis has been documented to employ several immune modulatory molecules to
evade host immune response (Flynn and Chan, 2001b). One of such immune modulatory
molecules of interest to immunologists is Micro-RNAs (miRNAs). MiRNAs are a promising
novel group of molecules that specifically modulate gene expression post transcriptionally.
These non-coding miRNAs have a strong influence on the development and function of the
innate and adaptive immune response. MiR-155, for example, enhances TNF-a translation in
cells of the innate immune response (Tili et al., 2007). TNF-a is crucial for the protective
immune response against tuberculosis since monoclonal antibodies or soluble TNF-a

receptor agonists dramatically increase the risk for reactivation of M. tuberculosis in LTBI.



MiR-181 expression influences the T cell sensitivity directly by targeting phosphatases
involved in the T-cell receptor signalling (Li et al., 2007). MiR-146 has been identified as a
marker for T helper type 1 cells, the crucial subset T cells for protection against M.
tuberculosis but the role of miR-146 remains elusive (Monticelli et al., 2005). Pre-selection
of 29 immune related miRNAs due to their reported dysregulation of immune response to

infection particularly bacterial infection for this study was done.

Ma and colleagues (2011) have shown that miR-29a down regulates interferon gamma
production in CD4" T cells post transcriptionally by targeting messenger RNA (mRNAs)(Ma
et al., 2011b). Steiner et al. in 2011 proved that miR-29a mediates its effects through specific
regulation of the IFN-y production pathway rather than through general effects on T cell
activation, cytokine production, or cell fitness (Steiner et al., 2011). Finally, Kleinsteuber et
al. showed for the first time decreased expression of miR-21, miR-26a, miR-29a, and miR-
142-3p in CD4" T Cells and peripheral blood from tuberculosis patients (Kleinsteuber et al.,
2013). This could be suggestive of the role of mMiRNAs as immune modulatory molecule in T
cell response during acute pulmonary tuberculosis infection. Over 150 human diseases have

been documented to have a relationship with miRNA dysregulation (Jiang et al., 2009).

This study investigated the dynamics of interferon-gamma production during acute
pulmonary tuberculosis infection and the potential role that 29 preselected, immune related
miRNAs may play as immune modulatory molecule during disease in a tuberculosis endemic

region, Ghana.

1.1 RATIONALE OF THE STUDY
Though strides have been made to understand immune evasive mechanisms employed during
tuberculosis infection there is still much to do to better understand M. tuberculosis related

immune evasive mechanism and host related immune evasive mechanism.



In 2010, there were an estimated 12.0 million prevalent cases of TB out of which 650,000
cases were multidrug resistance Tuberculosis (MDR-TB) (WHO, 2011, WHO, 2012). This is
compounded by extreme drug resistance tuberculosis (XDR-TB) worldwide. In Ghana 50-90
per 100,000 new cases of tuberculosis were reported as at 2010. This number increased to 50-
149 per 100,000 new cases in 2011. Forson et al. reports 38% MDR-TB from a tuberculosis
tertiary referral centre in a teaching hospital in Ghana. This is higher than a reported 5%

national average cases of MDR-TB in 2006 (Forson et al., 2010).

IFN-y an important mediator of adaptive immune response to M. tuberculosis infection can
be unreliable as an immune correlate of protection because M. tuberculosis can prevent
macrophages from responding adequately to IFN-y (Ting et al., 1999). This ability of M.
tuberculosis to limit activation of macrophages by IFN-y suggests that the amount of IFN-y
produced by T cells may be less predictive of outcome than the ability of the cells to respond
to this cytokine (Flynn and Chan, 2001b). This has resulted in difficulty in the development
of the right vaccine and immunotherapy for preventing and curing tuberculosis respectively.
Gallegos and his colleagues in their study did infer that CD4" T cells may use IFN-y
independent mechanism in their control of M. tuberculosis infection in vivo (Gallegos et al.,
2011). This introduces the conundrum of whether or not IFN-y is the right marker for efficacy
of BCG vaccine. It therefore questions IFN-y’s role as an important mediator of T cell

response to M. tuberculosis infection.

Micro RNAs (miRNAs) have been documented as immune modulatory molecules that affect
the development and function of both innate and adaptive immunity (Dai and Ahmed, 2011).
Its role has been implicated in several diseases that include cancer and tuberculosis (Ma et al.,
2011b, Dai and Ahmed, 2011). Thus knowledge of candidates that play a role in tuberculosis

would be useful as drug targets, immune biomarkers and immunotherapy among others.



MiR-29a a member of the miRNA family has been documented by Steiner et al. in 2011 to
affect the mouse CD4" T cell pathway that leads to the production of IFN-y an important
mediator of adaptive immune response against M. tuberculosis infection in both murine and
human tuberculosis (Steiner et al., 2011). Thus miR-29a could be used as a potential immune
biomarker for early detection of human pulmonary tuberculosis and immunotherapy to
complement chemotherapy. This would act by possibly reducing the duration of treatment
which is a major challenge for the treatment of the infection. MiRNA dysregulation has been
associated with more than 150 human diseases (Jiang et al., 2009) and thus warrants
investigation into its possible involvement in the immunopathogenesis of tuberculosis. Much
work pertaining to the immunology of tuberculosis has been in animal models with data
skewed towards low incidence developed countries (Caruso et al., 1999, Goren et al., 1976,
Mosmann et al., 1986). Also studies in tuberculosis immunology are challenged with very
small sample size coupled with much inconsistency in research findings. Although studies
have been done on dsyregulation of miRNAs during acute tuberculosis, most focused on
serum and sputum (Fu et al., 2011, Yi et al., 2012) whereas others considered mouse models
(Ma et al., 2011b) and CD4" immune cells (Rajaram et al., 2011, Sharbati et al., 2011, Singh
et al., 2013a).A current study by Kleinstueber et al. focused on T cells but in a low incidence
country. Although children from high incidence country were used in the study, whole blood
other than T cells was used for miRNA extraction and differential expression

analysis(Kleinsteuber et al., 2013).

CD4" T cells have been documented to be central to the control of mycobacteria and
subsequent infection outcome during M. tuberculosis infection. Cowley and Elkins reported
that CD4" T cells control more than 90% of intracellular M. tuberculosis growth (Cowley and
Elkins, 2003) thus reinforcing the crucial relevance of CD4" T cells during M. tuberculosis

infection. CD4" T cells were currently considered in the elucidation of dysregulated



differential expression of the afore-mentioned miRNAs. This study therefore sought to define
the dynamics of IFN-y response in tuberculosis patients and their exposed but healthy
household contacts. It also sought to determine miRNA dysregulation in pre-selected,

immune related miRNAs and confirm the interdependency if any between miR-29a and IFN-

Y.

1.2 HYPOTHESIS

It was therefore hypothesized that;

1. IFN-y is an important mediator of CD4" T cell response to M. tuberculosis infection yet
there exist the possibility of a T helper type 1(Th1) mediated IFN-y independent mechanism
of M. tuberculosis control.

2. There is alteration in differential expression of miRNAs in CD4" T cells during
tuberculosis infection thus miRNAs may play an important role in the host CD4" T cell

response against tuberculosis via modulation of host innate and adaptive immune responses.

1.3 GENERAL OBJECTIVES
e To elucidate the dynamics of IFN-y production during acute pulmonary tuberculosis
e To determine the dysregulation of pre-selected, immune related candidate miRNAS
differential expression in T cell response against human tuberculosis
e To confirm if miR-29a is a none redundant regulator of IFN-y by T cell during human

tuberculosis.

1.4 SPECIFIC OBJECTIVE

* To determine IFN-y expression pattern in pulmonary tuberculosis patients before,

during and after treatment.



To identify the disparity in IFN-y production between pulmonary tuberculosis patients
and their exposed but healthy household contacts.

To determine the influence (if any) of childhood BCG vaccination on IFN-y response
in adult tuberculosis patients.

To determine the influence of concomitant diseases, age and sex (if any) on IFN-y
response during tuberculosis infection.

To identify if the differential expression of any of the pre-selected immune related
candidate miRNAs alter significantly during tuberculosis infection.

To elucidate the varying expression of such miRNAs between tuberculosis patients
and their exposed but healthy household contacts.

To determine the interdependency of miR-29a and IFN-y response using 2 TB
specific antigens and 3 general antigens in tuberculosis patients and their exposed but

healthy household contacts.



CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 OVERVIEW OF TUBERCULOSIS
Tuberculosis commonly referred to as TB is a common and deadly infectious disease in the

world caused by several strains of mycobacteria mostly M. tuberculosis in humans (Flynn
and Chan, 2001a). It is the second most deadly infectious disease next to HIV/AIDS (WHO,
2011). Tuberculosis mostly infects the lungs and is known as acute pulmonary tuberculosis. It
can however spread to other parts of the body and infect other organs leading to miliary or
disseminated tuberculosis. Classical symptoms of the disease include coughs, fever, night
sweats and weight loss. The disturbing weight loss experience by tuberculosis patients

particularly won it its name “consumption”.

Tuberculosis is spread when M. tuberculosis is transferred via aerosols generated by an
infected person by talking, sneezing or coughing. The extent of infection depends on a
number of factors that include the host’s immune strength, duration and frequency of

exposure and the virulence of the pathogen (Cooper, 2009, Dheda et al., 2010).

There could be several outcomes to a person encountering M. tuberculosis. The innate
immune response though not characteristic can eliminate the bacteria. The induction of
acquired cell mediated immunity can in some cases revert the infection or contain it. Such
individuals are considered to have Latent Tuberculosis Infection (LTBI). In this state the
individual is asymptomatic and is incapable of spreading the infection. About 5% of people
with LTBI would develop into tuberculosis from 1-3 years from the time of infection (Flynn
and Chan, 2001a, Styblo, 1980). Others have also shown that development of active
tuberculosis can be from 2-5% years following the point of infection (Dheda et al., 2010,

Cooper, 2009).
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Development of active TB is not associated with immunodeficiency in most cases but HIV
infection, treatment with corticosteroids, ageing, alcohol or drug abuse predispose individuals
to reactivation (Flynn and Chan, 2001a).

2.2 HISTORY OF TUBERCULOSIS

The earliest evidence of tuberculosis in a man and animal has been documented as far back as
8000 BC (Ayvazian, 1993). Smears from a mummified child dating back 700 BC identified
TB as the cause of death (Dubos, 1982). One of the oldest legal texts in the world from the
Babylonian era mentions a chronic lung disease which is likely tuberculosis (Herzog, 1998).
Hippocrates (460-370 BC) introduced the term phthisis (consumption) for tuberculosis but
The Hippocratic school rather thought of phthisis as a hereditary disease rather than an

infectious one (Herzog, 1998).

Aristotle (384-322 BC) on the contrary held a completely different opinion. He believed that
TB was contagious which was contrary to the opinion of his time that tuberculosis was
hereditary (Garrison, 1913). Indian literature documents excessive fatigue, worries, hunger,
pregnancy and chest wounds as the cause of tuberculosis in 1500 BC (Herzog, 1998).
Thomas Willis was the first to describe miliary and chronic forms of consumption. English
physician Benjamin Marten (1704-1722) was the first to speculate that consumption
especially of the lungs could be caused by small living organisms that cause the symptoms

once they gained entry into the body (Herzog, 1998).

Philipp Klencke demonstrated the transmitability of tuberculosis for the first time in 1843
using rabbits. He however was of the opinion that the disease was a tumour (Herzog, 1998).
A vyear after this Jakob Henle (1809-1885) concluded that phthisis could be contagious after
several experimentations and observations. He advanced 3 postulate that served as bedrock to

further tuberculosis research (Herzog, 1998). They were;
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1. The causative agent must be found in every case of the disease.
2. It must not occur in another disease.

3. lts application must always provoke the same disease.

It was a talented microscopist student of Henle, Robert Koch (1843-1910) who gave
irrefutable proof in 1882 that a specific microbe is the fundamental cause of Tuberculosis

(Sakula, 1979).

The first vaccine for tuberculosis was developed by Calmette and Guerin in 1900s who
realised that Mycobacterium bovis (M. bovis) was no longer virulent and could not cause
disease in laboratory animals after 231 passages in a culture medium containing glycerine

and ox bile (Herzog, 1998)

2.3 DIAGNOSIS

Pulmonary tuberculosis, the most important type of tuberculosis from the public health
perspective, can be diagnosed on the basis of symptoms, chest radiograph, acid fast smear by
sputum microscopy, and culture or more than one of the above mentioned(Tiruviluamala and
Reichman, 2002). WHO recommends sputum smear positive confirmation for tuberculosis
(WHO, 2011). In practice most physicians may require M. tuberculosis culture from pleural
or spinal fluids or sputum. There also exist Interferon gamma release assay for rapid

immunodiagnosis of tuberculosis (Dheda et al., 2009).

2.4 CURRENT TREATMENT IN GHANA

Treatment of tuberculosis in Ghana follows guidelines as recommended by WHO using the
directly observed treatment strategy (DOTS) for tuberculosis treatment. It has been
implemented in Ghana since 1994 and led to a substantial decline in treatment failures.

Before then, tuberculosis was treated without adherence to any concerted guidelines (Owusu-
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Dabo et al., 2006). The current DOTS treatment regime for use in Ghana is as described in

the standard treatment guidelines of the Ministry of Health, Ghana (GNDP, 2010).

According to this guideline, there are two main types of treatment:

e Standard regime

e Retreatment regime

2.4.1 Standard Regime

Six months treatment-2 months intensive phase, followed by 4 months continuation phase for
both adults and children (category 1). It consists of an intensive phase of four drugs;
Rifampicin (R), Isoniazid (H), Pyrazinamide (Z) and Ethanbutol (E) in a fixed dose
combination taken daily for 2 months. For adults each tablet contains H75mg, R 150mg, Z
400mg and E 275mg and 2-5 tablets given a day depending on weight. For children a regime
containing H 30mg, R 60mg, Z 150mg and E 100mg is recommended. For children weighing
30kg and over, give adult category 1. This is followed by a continuation phase of Isoniazid
and Rifampicin for both adults (H75R150) and children (H30R60). During the continuation
phase the patient must swallow all the oral drugs preferably on an empty stomach under
direct observation. The patient needs to be under close supervision by a health worker or any
responsible person or member of the community with support from health staff during the full

duration of treatment (GNDP, 2010).

2.4.2 Retreatment Regime

This is for relapse, treatment failure, patients who default and who return after more than a
month and are smear positive (and some smear negative cases who have defaulted for longer)

and all other previously treated patients. Retreatment consists of initial intensive phase of 5
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drugs; Rifampicin (R), Isoniazid (H), Pyrazinamide (Z) and Ethanbutol (E) daily for 3

months( doses as previously discussed) with streptomycin added for the first 2 months only.

Streptomycin should be taken as such. For adults, 500mg daily (depending on weight) and for
children 15mg/kg daily for 2 months. Then follows a continuation phase with isoniazid,
Rifampicin and Ethanbutol daily for a further 5 months for both adults (H75R150E275) and

children (H30R60E100).

Monitoring: During the course of the treatment, all pulmonary tuberculosis patients should
have repeat sputum smears examined after 2 (or 3 months if retreatment), 5 and 6(or 8)
months to confirm conversion to negative smear (GNDP, 2010).

25 ETIOLOGY

Mycobacterium tuberculosis complex is the cause of Tuberculosis. It consists of
Mycobacterium tuberculosis (the main cause of most human tuberculosis), Mycobacterium
africanum, Mycobacterium bovis (the main cause of tuberculosis in cows), Mycobacterium
microti and the recently discovered mycobacterium canettii (Am. Thor. Soc., 2000, Pfyffer et
al., 1998).

Human tuberculosis is mostly caused by M. tuberculosis and M. africanum. In cattle M. bovis
causes tuberculosis (Tiruviluamala and Reichman, 2002). Current tuberculosis programmes
and pasteurization of milk has reduced M. bovis infections in humans (Am. Thor. Soc., 2000).
M. tuberculosis is a slow growing obligatory aerobic, acid fast intracellular bacterial
pathogen, which has an affinity for the lung tissue due to its richness in oxygen (Raja, 2004).
It was first discovered by Koch in 1882 (Herzog, 1998). Its cell surface consists of mycolic

acid and is responsible for its waxy coat appearance observed under the microscope.

14



2.6 EPIDEMIOLOGY
There has been a decline in absolute numbers and incidence of tuberculosis each year since

2002 (WHO, 2011). Regardless of this compelling news, there is still alarming data on the

current state of the disease globally.

In 2010 WHO reported an incidence of 8.8 million out of which 13% were among people
living with HIV. There are more tuberculosis coinfections in Africa alone than anywhere else
in the world. Africa accounted for 82% of tuberculosis cases among people living with

HIV/AIDS.

The 5 leading countries with the highest number of tuberculosis cases in the world in the
order in which they appear are India, China, South Africa, Indonesia and Pakistan. Women

accounted for 36% of tuberculosis incidence for 2010 (WHO, 2011).

Estimated TB incidence rates, 2010
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Figure 1 estimated Global tuberculosis incidence rate in 2010
source: (WHO, 2011)
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In 2010 alone 12 million people were reported to be infected out of which 650,000 were
MDR-TB. The prevalence of tuberculosis has declined steadily since 1990. An estimated
1.45 million people died from tuberculosis in 2010 out of which 24.1% of them were HIV
positive. About 29.1% of the reported mortality among HIV negative tuberculosis cases in
2010 were women (WHO, 2011).This is lower than the estimated 1.7 million people who
died due to tuberculosis in 2009 (WHO, 2010).

In 2009 an estimated 9.7 million children under 15 years were orphaned as a result of losing
at least one of their parents to tuberculosis (www.unaids.org/en/dataanalysis/epidemiology).
Ghana reported 50-99 cases of tuberculosis per 100,000 populations. This is damaging for a

population of just a little over 20 million (WHO, 2011).

2.7 OVERVIEW OF IMMUNOPATHOGENESIS
The immunopathogenesis of Tuberculosis is based upon two main factors; virulence of the

mycobacterium tuberculosis and the host’s immunity. Though these factors are not related,
yet the outcome of an infection rests on these non-related variables (Cooper, 2009).
Immunologists’ interest in the immunopathogenesis of tuberculosis has been the fact that
protective immune mechanisms are also responsible for pathology. This is mediated by the
lymphocytes in cell- mediated immune response.

The importance of CD4" T lymphocytes were less regarded in previous studies though they
were found in tuberculosis lesions. Their function was yet to be elucidated (Cooper, 2009). It
was the use of mouse models that demonstrated the anti tuberculous function of T cells in
aerosol challenge models (Orme and Collins, 1983) and systemic ones as well (Cooper, 2009)
CD4" T Lymphocyte is the main mediator of acquired cellular response (Cooper, 2009)
(Cooper, 2009). HIV patients are noted to develop a different form of the disease without

granulomas. It is also not localised as seen in non-HIV tuberculosis patients (Cooper, 2009).
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Experiments done using knockout mice (Orme, 1987, Mogues et al., 2001) lacking CD4
molecules also produced less granuloma if any, miliary form of the TB and reduced survival
time as compared to their wild litter mates (Saunders et al., 2002).

Also disruption of the Major histocompatibility complex class Il (MHC class Il) genes or the
beta () chain of the alpha/beta (a/f) T cell receptor, resulting in a deficiency of CD4" T cells
renders mice more susceptible to the bacteria, even the avirulent species of the
mycobacterium complex (Ladel et al., 1995). Manipulation of the immunity of experimental
mice via gene knockout or use of neutralising antibodies have provided phenomenal insight
that in mice, immunity correlates with a type 1 response (Mosmann et al., 1986). Type 1
response refers to the total cytokine profile released by both type 1 CD4" T cells and other
cells that they interact with at the site of infection. These cells may include macrophages,
dendritic cells, B cells and CD8" T cells (Cooper, 2009).

When these cells interact and give rise to a pattern of cytokine release dominated by IL-2,
IL12, and IFN-y, it is known as type 1 response (Rook G.A.W. and Hernandez-Pando R.,
1996). On the other hand, if it gives rise to a pattern of cytokine release dominated by IL-4, 5,
6, 10 and 13 it is known as a type 2 responses (Salgame et al., 1991, Clerici and Shearer,
1994).

The pivot of acquired cellular immune response is the speed with which it is expressed. If for
any reasons (either pathogen or host related wise) it is delayed, bacterial growth increases to a
point such that expression of a potent protective response would be overwhelmed and
rendered ineffective (Cooper, 2009). This aspect of tuberculosis immunopathogenesis was
carefully illustrated by Rich (1944) who used the lung histopathology of tuberculosis patients

from the period before manufacture of TB drugs (Rich, 1944).
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2.7.1 Humans generate Th1l immunity during tuberculosis

Most humans who get tuberculosis are not immunodeficient. This observation is true because
tuberculosis infected individuals are not susceptible to other infectious agents (North and
Jung, 2004, Furcolow et al., 1942). There is enough evidence to suggest that humans with
active tuberculosis develop M. tuberculosis-specific immunity. A proof of this phenomenon
is given by the fact that humans with active tuberculosis generate and maintain high levels of
cellular immunity against M. tuberculosis specific antigens (Furcolow et al., 1942, Al Zahrani
et al., 2000). This type of immune response is called Delayed Type Hypersensitivity (DTH)
(North and Jung, 2004). It is thought that DTH is associated with Thl response in human
tuberculosis. Evidence of Th1l mediated anti-mtb specific immunity has come from presence
of CD4" and CD8" T cells in the lungs and blood of tuberculosis patient capable of
responding to mtb specific antigens in vitro via replication and production of IFN-gamma and
other Th1l specific cytokines (Arend et al., 2000, Ulrichs et al., 2000, Lalvani et al., 2001).
The formation of macrophage dominated granulomas at the site of infection is additional
proof to the fact that individuals with active tuberculosis generate and maintain a level of
immunity against mtb infection (North and Jung, 2004).

The end to the argument as to whether DTH is protective or damaging as it is responsible for
pathology ended in the favour of immunity as it was discovered that the histopathological
response to mtb infection in the lungs of HIV/AIDS patients were different from that of
immunocompetent individuals (Chaisson et al., 1987). It is diffuse, necrotic and unable to
repress mtb growth at initial site of infection in AIDS patients suffering from tuberculosis as
compared to the macrophage dominated granulomas (North and Jung, 2004) observed in
immunocompetent individuals with tuberculosis. Thus tuberculosis in HIV patients can

involve multiple organs.
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Tuberculosis in humans with excessive mutations in the genes for IFN-gamma receptor
ligand-binding chain is severely systemic. The same applies for those with excessive
mutations in the genes for the I1L-12p40 subunit, and the IL-12 receptor 1 chain (Casanova
and Abel, 2002). It goes on to show that Thl immunity has a protective role in
immunocompetent resistant individuals and potent growth restricting influence on M.
tuberculosis and its induced pathology in immunocompetent susceptible individuals (North

and Jung, 2004).

2.7.2 Route and Site of Infection

M. tuberculosis is an intracellular pathogen and thus infect macrophages and dendritic cells
(Pfyffer et al., 1998). It is also an obligatory aerobe and has a preference for tissue with high
oxygen supply. This explains to a larger extent its preference for lung tissues. M. tuberculosis
enters the body via the respiratory route in nuclei of aerosols generated by an infected person.
The bacteria spread from the initial point of infection in the lung to other parts of the lung or
to other part for the body via the blood and/or lymphatics. Extra pulmonary/miliary

tuberculosis has been reported in 15% of all tuberculosis cases (Raja, 2004).

2.7.3 Events after M. tuberculosis infection

Upon reaching the alveolar, M. tuberculosis is phagocytized by alveolar macrophages. This
first step in the host-pathogen interaction determines the outcome of infection. Cell mediated
immunity develops within 2 to 6 weeks of infection. There is an enormous migration of
lymphocytes and macrophages to the site of infection. This leads to the formation of the
caseous necrotising granuloma. Mycobacterial growth is restricted. Dead macrophages form a
cheese-like caseum. M. tuberculosis is walled off and contained in the extra cellular caseous
centre. M. tuberculosis may remain in the caseous centre indefinitely, be reactivated later on

or may increase in number and be discharged via the airways leading to cavitations and
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necrosis of the bronchi (Raja, 2004). Should all mechanisms fail, fibrosis is initiated to wall

off the infection at the centre of the granuloma (Jayasankar and Ramanathan, 1999).

2.7.4 Antimycobacterial Functions

The interaction of phagocytes mostly macrophages with mycobacterium is an important
determinant of infection outcome. The several forms of interaction may include binding of

the bacilli to antigen presenting cells, phagolysosomal fusion among others.

2.7.5 Binding of M. tuberculosis to Phagocytes

Phagocytes that mediate phagocytosis of M. tuberculosis during tuberculosis infection
include macrophages, monocytes and dendritic cells. B cells have also been documented to
be involved in phagocytosis and antigen presentation (Cooper, 2009).

Binding of M. tuberculosis to phagocytes is mediated by cell surface receptor molecules
which includes complement receptors (CR1, CR2, CR3 and CR4), Mannose receptors
(Schlesinger, 1996), surfactant protein receptors, CD14 receptor (Hoheisel et al., 1995) and
scavenger receptors (Gaynor et al., 1995) among others.

Mannose receptors on macrophages interact with lipoarabinomannan (LAM) (Schlesinger,
1996) to mediate its effect. Prostaglandin E2 (PGE2) and interleukin (IL)-4 are documented
to up regulate CR and MR whereas interferon-gamma downregulates the receptor expression.

This leads to limited ability of mtb to adhere to macrophages (Barnes et al., 1994)

2.7.6 Phagolysosome fusion

The lysosome is a complex organelle of the late endocytic pathway located in the vacuole
(Bainton, 1981, De Duve and Wattiaux, 1966, Kornfeld, 1987). The lysosomal vacuole
consists of potent hydrolytic enzymes capable of degrading a variety of macromolecules thus
its noted antimicrobial properties (Flynn J.L. and Chan J., 2001, Flynn and Chan, 2001a).

These enzymes exert their functions optimally at an acidic pH. This explains the observed
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acidic pH in lysosomes (Cohn, 1963, Mellman et al., 1986, Raja, 2004). Phagosomes are
produced as a result of endocytic pathway initiated by phagocytes on microbes and
macromolecules (Flynn and Chan, 2001a). Phagolysosomal formation is the fusion of the
phagosome and the lysosome. It is a single dynamic event which occurs with the maturation
of phagosome during the process (Desjardins, 1995, Desjardins et al., 1994). Intralysosomal
acidic hydrolases subject the phagocytised microbes to degradation after phagolysosomal
fusion (Cohn, 1963) in a highly regulated event (Desjardins, 1995, Desjardins et al., 1994).
Investigations of the interaction between phagocytes and microbes using isotopically labelled
bacteria and macrophage has produced evidence that certain bacteria are degraded
extensively within 2 hours after phagocytosis (Cohn, 1963).

The antimicrobial effect of the phagolysosome is accounted for by not just the hydrolytic
enzymes but the direct and indirect effects of acidification as well. Nevertheless, there is very
little understanding of the mechanism of phagolysosomal fusion and its effector function

(Flynn and Chan, 2001a, Downey et al., 1999, Hackam, 1997, Mellman et al., 1986)

2.7.7 Macrophage initiated mechanism of Mycobacterial growth inhibition or killing

There are several mechanisms by which macrophages kill M. tuberculosis or inhibit its
growth and spread. These mechanisms act in concert to either kill M. tuberculosis, inhibits its
growth or/and prevent spread to other parts of the body. Lysosomal acidic hydrolases are
known to be one of the most significant macrophage antimycobacterial tools employed in

killing of M. tuberculosis upon phagolysosomal fusion (Raja, 2004).

2.7.8 Reactive Nitrogen Intermediates (RNI)

Most bacteria are killed by activated macrophages. One of the effector pathways is dependent
on nitric oxide (NO) (Rook G.A.W. and Hernandez-Pando R., 1996). Thus, inhibitors of NO
production has been documented to aggravate tuberculosis infection by some investigators

(Chan et al., 1995, Chan et al., 1992).
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There is available credible evidence that high production of NO by immunologically
activated macrophages is a major antimicrobial mechanism (Chan and Flynn, 1999, Fang,
1997, MacMicking et al., 1997).

When phagocytes are activated by TNF-a and INF-y they produce NO and related RNI via
inducible nitric oxide synthase (iINOS2) (Raja, 2004) and using L-arginine as a substrate
(Flynn and Chan, 2001a). The significance of these toxic nitrogen oxides in host defence
against mtb in the murine system is well documented (Fang, 1997, MacMicking et al., 1997,
Shiloh and Nathan, 2000). Studies have revealed that RNI play a protective role in chronic
persistent infection and acute infection in mice (Flynn et al., 1998, MacMicking et al., 1997).
There is compelling and accumulating evidence to support the hypothesis that RNI has an
antimycobacterial role in human tuberculosis.

There have been immunohistochemical determinations of high levels of NOS2 in
macrophages obtained from alveolar lavage of tuberculosis patients (Nicholson et al., 1996,
Wang et al., 1998) There have also been documented increased levels of exhaled NO in

tuberculosis patients (Wang et al., 1998).

2.7.9 Reactive Oxygen Intermediate (ROI)
Unlike RNI the role of ROI remains quite debatable. This controversy is justified by the fact

that there is conflicting evidence over the significance of the produced ROI to host immunity
against mtb infection (Flynn and Chan, 2001a). That said, there is more than a handful of
work that has provided credible evidence to suggest that Reactive oxygen species (ROS) are
in fact very significant to host immune defence against M. tuberculosis. The
mycobacteriocidal effect of Hydrogen peroxide was earlier demonstrated by (Walker and
Lowrie) (1981). Mice deficient in Phox have been documented to be partially challenged in
their ability to control M. tuberculosis growth in an aerosolized infection model before the

onset of specific immunity (Cooper et al., 2000), suggesting a role for ROS in the control of
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M. tuberculosis early in the infectious process. Voskuil et al. also demonstrated the
bactericidal effect of hydrogen peroxide on mtb in their study to better understand immune

evasive mechanisms of M. tuberculosis. (Voskuil et al., 2011)

2.7.10 Evasion of Host immune mechanisms by M. tuberculosis

Mtb has inherent immune evasive mechanisms by which it is able to evade the host immune
mechanism, including its ability to modulate antigen presentation. Thus, evading host
immune mechanisms (Raja, 2004).

Armstrong and D’Arcy Hart hypothesised that inhibition of phagolysosomal fusion is a
mechanism by which mtb evades host immune response and persist in the infected
macrophages (Armstrong and Hart, 1975, Armstrong and Hart, 1971). Using electron
microscopy after labelling lysosomes in a study examining the interaction of mtb with mouse
macrophages. Viable bacilli were observed in only phagosomes which had not fused with
lysosomes. Further evidence of phagolysosomal prevention has been documented by others in
support of its use as immune evasive mechanism by M. tuberculosis (Russell, 1995, Deretic
and Fratti, 1999). The nonfusigenic nature of mycobacterial phagosome is restricted to
specific endocytic compartments (Flynn and Chan, 2001a).

Other studies have focused on mtb products that can disrupt phagolysosomal fusion. Some of
the identified M. tuberculosis products include mycobacterial sulfatides (Goren et al., 1976),
lysosomotropic polyanionic glycolipid and derivatives of multicylated trehalose 2-sulfate.

In vitro studies have demonstrated that M. tuberculosis generates large amounts of ammonia
in culture. It is believed to be responsible for the inhibitory action of culture supernatant of
virulent mycobacteria on phagolysosomal fusion (Gordon et al., 1980). This is based on the
fact that ammonium chloride affects the saltory movement and raises the pH of the lysosome
(Gordon et al., 1980, Hart et al., 1983). Ammonia’s ability to alkalinize intracellular vacuoles

cannot be attributed to its phagolysosomal fusion inhibition because other known bases
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capable of raising intralysosomal pH tends to promote phagolysosomal fusion (Gordon et al.,
1980). The requirement of acidification of phagosome for phagolysosomal fusion remains
enervated (Mellman et al., 1986, Hackam et al., 1997, Downey et al., 1999). Thus the precise
mechanism by which ammonia prevents phagolysosomal fusion remains elusive.

Yet mtb via copious production of ammonia can evade toxic environment and diminish the
potency of intralysosomal acidic hydrolases by increasing the pH thereby creating sub
optimal conditions (Flynn and Chan, 2001a). Attempts to better understand the relationship
between phagolysosomal inhibition and intracellular survival by mtb has led to investigation
of 2 mycobacterial enzyme systems related to ammonia metabolism. The mycobacterial
urease, which catalyzes the conversion of urea to ammonia and carbon dioxide has been
cloned, purified and characterised (Clemens and Horwitz, 1995, Reyrat et al., 1995). Creation
of a mutant BCG lacking gene for urease provided vital results that showed that the mutant
strain was only slightly compromised in its ability to multiply and persist in the lungs of mice
(Reyrat et al., 1996). The significance of mycobacterial urease in the survival of virulent M.
tuberculosis remains enigmatic.

Glutamine synthetase is an enzyme that has the potential to influence ammonia concentration
because of its participation in nitrogen metabolism. It has been studied because of its ability
to affect intracellular survival (Harth et al., 1994, Harth and Horwitz, 1999). Immunogold
electron microscopy has revealed its release into phagosomes of infected monocytes and
consequent abundant release in culture supernatants. Its release is associated with
pathogenicity of mycobacteria under study during in vitro culture. Clemens and Horwitz
(1995) documented large quantities of glutamine synthetase released by the more virulent M.
tuberculosis and M. bovis as compared to lower quantities released by M. smegmatis and M.

phlei (Clemens and Horwitz, 1995).
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Lipoarabinomannan (LAM) is a glycosylphosphatidylinositol (GPI) that has the ability to
modify numerous macrophage functions, including the response to IFN-gamma. LAM has
the ability to inhibit antigen presentation (llangumaran et al., 1995). LAM and phenolic-
glycolipid are known potent oxygen radical scavengers (Chan et al., 1991, Chan et al., 1989).
2.8 INNATE IMMUNITY

In the situation of no prior exposure to mtb phagocytosis and secretion of IL-12 is an
important part of the innate immune response. Other components of the innate immune
response includes Natural Killer (NK) Cells, Polymorphonuclear Neutrophils (PMN),
macrophages (MAC), Dendritic cells (DC), natural resistance associated macrophage protein
(Nramp), mast cells ,y-6 T cells epithelial cells among others.(Raja, 2004, Palomino et al.,

2007).

2.8.1 Nramp

Nramp has been documented to transport intracellular nitrite from cytosol to the
phagolysosome where it is converted to NO. Defects in the production of Nramp has been
noted to increase susceptibility to mycobacteria (Raja, 2004). Nramp 1 mutations have been
documented to be responsible for susceptibility to mycobacteria infection among children

(Newport et al., 1995).

2.8.2 Neutrophils

Although it was thought that macrophages were the only targets of mtb infection, research
has documented a host of others cells which includes neutrophils (Palomino et al., 2007).
Increased accumulation of neutrophil in the granuloma and increased chemotaxis has
suggested a role for neutrophils (Edwards and Kirkpatrick, 1986). Characteristically, they are
among the earliest cells recruited into sites where any pathogen enters into the body and/or
inflammatory signals are triggered followed by NK cells, g/d cells and a-f cells. They

possess well characterised microbicidal mechanisms (Urban et al., 2006). Elimination of
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neutrophils before infection made mouse models more prone to infection and treatment of
mice with agents that increases neutrophils led to reduction in bacillary growth rate decreases
(Fulton et al., 2002).

There exist controversies surrounding the role of neutrophils. Whereas some investigators
report mycobacteria killing by neutrophils (Jones et al., 1990) others could not observe this
phenomenon (Denis, 1991).

There is evidence to show that granulocyte-macrophage-colony stimulating factor (GM-CSF)
enhances phagocytosis of bacteria by neutrophils (Fleischmann et al., 1986). The production
of defensin in human neutrophils which is lacking in macrophage mediated killing has been
demonstrated in human studies (Ogata et al., 1992). In the presence of calcium, under in vivo
conditions, neutrophils have been documented to kill M. tuberculosis (Majeed et al., 1998). It
is believed that the function of neutrophils is not limited to their microbicidal ability.
Therefore, these cells are thought to contribute to the control of infection through the
production of chemokines (Riedel and Kaufmann, 1997), the induction of granuloma
formation and the transference of their own microbicidal molecules to infected macrophages
(Tan et al., 2006). Other investigators have ascribed pathological roles for neutrophils other

than their protective roles (Eruslanov et al., 2005).
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Figure 2 Neutrophils ingest M. tuberculosis (Palomino et al., 2007)

2.8.3 Natural Killer (NK) Cells

NK cells are very important to the development of innate immune response to mtb infection.
They are among the first sells to produce INF-y in response to M. tuberculosis infection.
Their role is also associated with development of cytotoxicity towards targeted cells
(Palomino et al., 2007). They are effector cells of the innate immunity. They can either lyse
the infected cell or the pathogen itself. Work done culturing NK cells in the presence of live
mtb in vitro caused expansion of the cells giving room to the fact that they may be important
responders during mtb infection in vivo (Esin et al., 1996). At the onset of infection, NK cells
are able to activate phagocytic cells at the site of infection and a significant reduction in NK
cells is associated with Multi Drug Resistant Tuberculosis (MDR-TB). Other investigators
have however shown that though NK cells are activated during the initials stages of infection,
it is not essential for host resistance (Jungueira-Kipnis et al., 2003). NK cells possess the
ability to regulate different aspects of the immune response to mtb infection thus its relevance
to tuberculosis immunopathogenesis. They have enhanced -cytotoxicity towards M.
tuberculosis infected macrophages (Palomino et al., 2007). They have been documented by

some investigators to enhance the ability of CD8" T cells to lyse M. tuberculosis infected
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cells and produce INF-y, thus joining the innate immune response to that of the adaptive

immune response (Vankayalapati et al., 2004, Vankayalapati et al., 2002).

2.8.4 CD1d-restricted Natural killer T (NKT) cells

They are a unique set of T cells characterised by the expression of a T cell receptor that
recognises the non-classical antigen-presenting molecule CD1d (Palomino et al., 2007). Once
activated by alpha-galactosylceramide, the NKT cells do exert their influence in the defence
against mtb infection. Upon activation, their activities include INF-y secretion, proliferation,
Iytic activity and anti-mycobacterial activity. The antimicrobial molecules used is granulysin,

which damages the mycobacterial surface (Palomino et al., 2007).

There exist further proof of the interaction between NKT cells and CD1d expressing cells at
the disease site. This has been because CD1d can be easily detected in granulomas of
tuberculosis patients (Gansert et al., 2003). However, there is proof to suggest that NKT cells
play a detrimental role during the late phase of mouse experimental infection (Sugawara et

al., 2002).

2.8.5 Gamma/delta (y/8) T-cells

They are large granular lymphocytes cells that can develop dendritic morphology in
lymphoid tissues. Some /8 T-cells have been known to express the CD8 marker. y/6 T-cells
are non MHC restricted and they are known to function mostly as cytotoxic T cells (Raja,

2004).

There exist data to suggest that y/6 T-cells play an important role in the host response to
tuberculosis in mice and other species with humans inclusive (1zzo and North, 1992). They
can be found in the blood of tuberculin positive healthy subjects. They are cytotoxic to
monocytes. expressing mycobacterial antigens. They have been documented to secret

granuloma forming cytokines (Munk et al., 1990). Other investigators have documented that
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there exist more y/d T-cells in patients with protective immunity as compared to those with
ineffective immunity. A study in childhood tuberculosis has revealed equal levels of T cells
expressing /6 T-cell receptor and those lacking it, suggesting its pivotal role in early immune
response against tuberculosis thus its importance in protective immunity in patients with

latent tuberculosis infection (Ladel et al., 1995).

2.8.6 Macrophages (MAC)

They are by far one of the most important cells as far as mtb infection goes (Palomino et al.,
2007). Alveolar macrophages are known to be the first cells to interact with mycobacterium
tuberculosis. Other macrophages are later recruited from the blood stream. They are in charge

of containing the infection in the host (Dannenberg, 1991).

The initial interaction of the tubercle bacilli with the macrophage takes place via cellular
receptors such as receptors for Fc, complement (Schlesinger et al., 1990), mannose
(Schlesinger, 1993), surfactant protein (Zimmerli et al., 1996), CD14 (Peterson et al., 1995),
and CD43 (Randhawa et al., 2005). It is unclear whether the bacteria interacts with one or
more receptors during in vivo infections, but in vitro experiments have shown that the nature
of MAC response depends on which receptor the bacteria interacts with (Palomino et al.,
2007). Their interaction with Fc receptors increases the production of reactive oxygen (ROI)
intermediates and permits phagolysosomal fusion (Armstrong and Hart, 1975).

On the other hand, interaction of the bacteria with the complement receptor 3 (CR3) prevents
the respiratory burst (Le Cabec et al., 2000) and blocks phagolysosomal fusion (Sturgill-
Koszycki et al., 1994).

The cells, antimycobacterial molecules and cytokines act in concert to elucidate the innate
immune response against mycobacterial infection. It is however noteworthy that some of the

cells of the innate immune response may be involved with adaptive immune response.
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Not only has complement receptors been the focus of researchers but toll-like receptors has
span the agenda of investigators for some years now. TLR-2 and TLR-4 have been
documented to be activated by some components of M. tuberculosis (Brightbill et al., 1999).
lipoarabinomanann (LAM) has been shown to activate macrophages through TLR-2. This
induces the production of 1L-12 and inducible nitric oxide synthase (iNOS) (Brightbill et al.,

1999).

There exists cellular cholesterol present in the macrophage cell membrane that is important
for the internalisation of the bacteria (Gatfield and Pieters, 2000) regardless of the receptor
with which the bacilli interacts. The cellular cholesterol functions by directly anchoring the
bacterium and stabilizing its interaction with the macrophage membrane, after which the

bacterium is efficiently internalised (Pieters, 2001).

M. tuberculosis generally locates itself in the mycobacterial phagosome upon entry into the
macrophage (Palomino et al., 2007). The phagosome originating from the plasma membrane
does express some cell surface receptors (Russell, 2007, Hasan et al., 1997). Contrary to the
progression of most phagocytosis M. tuberculosis blocks the process (Palomino et al., 2007).

Figure 2.3 shows an SEM of macrophage engulfing tubercle bacilli.
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Figure 3 Coloured scanning electron micrograph of a macrophage cell engulfing a bacterium

(http://www.sciencephoto.com)
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Figure 4 The intracellular lifestyle of Mycobacterium tuberculosis
(Kaufmann, 2001)
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2.8.7 Dendritic Cell (DC)

Dendritic cells have been shown to be involved with the protective immunity to tuberculosis.
Their high numbers in tuberculosis lesion have been documented (Sturgill-Koszycki et al.,
1994, Pedroza-Gonzalez et al., 2004).

Dendritic cells are able to recognize, capture and process antigens. They then present them
via Major Histocompatibility complex molecules (MHC) and CD1 (Banchereau and
Steinman, 1998, Gumperz and Brenner, 2001). They bind antigens using C-type lectin
receptors and Fcy/Fce receptors, and internalize them by endocytosis (Engering et al., 1997,
Fanger et al., 1996, Jiang et al., 1995). Dendritic cells carry out endocytosis by the use of
known C-type lectin receptors, such as dendritic cell-specific intercellular-adhesion-
molecule-grabbing non-integrin (DC-SIGN) (Geijtenbeek et al., 2003, Tailleux et al., 2003).
This molecule interacts with mannose capped-LAM, a component of the mycobacterial cell
wall (Geijtenbeek et al., 2003, Figdor et al., 2002). TLR-2 and TLR-4 are known to be
expressed by dendritic cells from peripheral blood and immature dendritic cells of monocyte
origin (Jarrossay et al., 2001, Kadowaki et al., 2001). They have been documented to be
capable of inducing a protective immune response (Palomino et al., 2007).

After phagocytizing the antigen, dendritic cells go through functional and phenotypical
changes leading to their maturation. This is however accompanied by increased synthesis of
MHC class I and I, expression of co-stimulatory molecules which includes CD86 and CD80
(Turley et al., 2000) and the production of IL-12 (Steinman, 2001). They efficiently migrate
to the peripheral lymph nodes. (Dieu et al., 1998) has provided evidence to support in vivo
transport of mth and BCG from the lung tissue to the lymph nodes inside dendritic cells. The
migration of infected dendritic cells is facilitated by chemokines via their receptors on the
cell surface of dendritic cells. Chemokine receptor 7 (CCR7) has been known to make DC

sensitive to chemokines (CC) CCL19 and CCL21 (Dieu et al., 1998, Gunn et al., 1998,
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Kriehuber et al., 2001, Bhatt et al., 2004). DCs have been documented to facilitate protective
immunity via induction of T helper 1(Th1) profile by secreting cytokines which includes IL-
12, IL-18, IL-23, IFN-a and B, but not IFN-y (Wozniak et al., 2006, Kadowaki et al., 2001,
Kalinski et al., 1999, Thurnher et al., 1997).

Th1 cells have been documented to expand in response to the BCG antigens presented by the
DCs in the lymphoid nodules and migrate toward infection sites, where they liberate IFN-y,

thus activating local macrophages that control bacilli replication (Humphreys et al., 2006).
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Figure 5 Innate immunity to tuberculosis infection
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Innate immunity is an important first line of defence. Effector cells of the innate immune
response targets direct killing of M. tuberculosis via recognition of non-peptide antigens
whiles presenting antigens and releasing cytokines concomitantly to initiate adaptive immune
response when need be. Bactericidal substances like perforin and granulysin are used to kill
mtb by non-conventional subset of T cells afore mention alongside MAC, DC and PMN.

2.9 ADAPTIVE IMMUNITY

Immune response to M. tuberculosis infection is mainly facilitated by Cell Mediated Immune
Response (CMI). Mycobacteria-infected macrophages and DC of the innate immunity present

antigens to T cells that belong to adaptive immunity.

2.9.1T cells

Studies over the past few years of anti-M. tuberculosis immunity in mice concluded that
immunity is mediated predominantly by CD4" Th1 cells with the aid of CD8" T cells. These
studies have been the subject of some reviews (Boom, 1996, Flynn and Chan, 2001a,
Kaufmann, 2001). There has been documented increase in CD4" and CD8" T cells in the lung
draining lymph nodes a week after exposure with virulent M. tuberculosis in mouse models
(Feng et al., 1999)(Feng et al., 1999). Activated CD4" and CD8" T cells migrate to the site of
infection and interact with APCs. The tuberculous granuloma has been documented to
contain CD4" and CD8" T cells (Randhawa, 1990) that contains the infection and forestalls a

potential reactivation should there be any.

2.9.1.1CD4" T Cells

These cells are the most important in the protective immunity against tuberculosis. APCs
present antigens after processing mtb in phagolysosomes via MHC class Il. Murine studies
using antibody depletion of CD4™ T cells (Muller et al., 1987), adoptive transfer (Orme and
Collins, 1984) or the use of gene knockout mice (Caruso et al., 1999) have demonstrated that

CD4" T cell is prerequisite for controlling mtb infection. In humans, the immunopathogenesis
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of HIV infection has provided evidence that loss of CD4" T cells increases susceptibility to
mtb infection (Selwyn et al., 1989). CD4" Tcells depletion caused rapid re-activation of
infection in chronic persistent mtb infection in murine models (Scanga et al., 2000). The
primary effector function of CD4™ T cells is the production of cytokines especially 1FN-y,
sufficient to activate macrophages. In a study, levels of IFN-y were severely diminished very
early in infection when MHC class Il or CD4" T cells deficient mice were used (Caruso et al.,
1999). Apoptosis or lysis of infected cells by CD4" T cells have been hypothesized to play a
role in controlling mtb infection (Oddo et al., 1998).

Apart from the conventional role of CD4" T cells, other functions have been ascribed these
subsets of T cells. They have been documented to help in the development of CD8" T cell

mediated immune response (Scanga et al., 2000, Serbina et al., 2001).

2.9.1.2 CD8" T Cells

The role of CD8" T cells in the control of infection is well established (Palomino et al.,
2007). Mice unable to develop molecules such as CD8a, transporter associated with antigen

Processing (TAP), and perforin are more susceptible to mtb infection that those able to
produce these molecules (Flynn et al., 1992, Behar et al., 1999). These cells use cytokine
production and bacterial lysis as mechanism of bacterial control (Palomino et al., 2007).
CD8" T cells are capable of producing IFN-y and IL-4 and hence may play a likely role in the
balance between the Th1 and Th2 cells in the site of infection in the lungs of patients infected
with pulmonary tuberculosis. CD8" T cells are able to secrete IFN-y via activation of T-cell
receptor or by interaction with infected dendritic cells (Serbina and Flynn, 1999). Though not
much is understood as to how mycobacterial antigens get access to MHC class | molecules,
yet macrophages can present mycobacterial antigens to CD8" T cells 12 hours post infection

(Raja, 2004).

35



CD8" T cells are documented to be effective in lysing of infected cells thus reducing the
intracellular bacilli population (Stenger et al., 1997). The mechanism by which CD8" T cells
are able to reduce mycobacterial burden appears to be associated with granular exocytosis
involving perforin and granzymes. Nevertheless, it is granulysin (found in CD8" T granules)
which kills the mycobacterium (Stenger et al., 1998).

2.10 CYTOKINES

Cytokines do regulate all the cells of the immune system. M. tuberculosis is intracellular
bacilli that induce cell mediated immune response. This is primarily facilitated by the
secretion of cytokines. The inflammatory response to M. tuberculosis is critical to containing
the infection but is also responsible for chronic infection and observed pathology during

tuberculosis (Flynn and Chan, 2001a).

2.10.1 Interleukin 12 (IL-12)

Interleukin 12 (IL-12) is a very important and crucial in controlling M. tuberculosis infection.
Interleukin 12 (IL-12) is secreted following phagocytosis of M. tuberculosis by MAC and DC
(Ladel et al., 1997, Henderson et al., 1997), this polarises CMI to M. tuberculosis infection
towards Thl response with the production of IFN-y.

Decreased bacterial numbers and increased mean survival time was observed in M.
tuberculosis infected BALB/c mice when they were given IL-12 early though the mouse
eventually succumbed to the infection (Chan et al., 1995, Flynn et al., 1995b). Concrete proof
of the role of IL-12 in protection against tuberculosis was given in a study using IL-12p40—
gene deficient mice. The mice were susceptible to infection and had a greatly increased
bacterial load and decreased mean survival time compared to control mice (Cooper et al.,
1997). Humans with mutations in 1L-12p40 or the IL-12 receptor genes present with reduced
but not necessarily absent IFN-y production from T cells. They are more susceptible to

disseminated BCG and M. avium infections (Flynn and Chan, 2001a). A study particularly
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proved the role of IL-12 in the immune response against tuberculosis. In the study, it was
observed that administration of IL-12 DNA reduced mycobacterial load in mice with a

chronic M. tuberculosis infection (Lowrie et al., 1999).

2.10.2 Interferon gamma (IFN-y)

IFN-v is a key cytokine in controlling M. tuberculosis infection. The cytokine is produced by
CD4" and CD8" T cells (Lyadova et al., 1998, Lalvani et al., 1998, Orme et al., 1992, Orme
et al., 1993, Serbina and Flynn, 1999, Barnes et al., 1993) as well as NK cells. Others have
also reported IL-12 dependent IFN-y production by alveolar MACs infected with
mycobacteria (Wang et al., 1999, Fenton et al., 1997).

IFN-y knockout (GKO) mice have been known to be most susceptible to virulent M.
tuberculosis (Cooper et al., 1993, Flynn et al., 1993). Bacilli grew basically unchecked in the
organs of GKO mice, although granulomas formed they quickly became necrotic.
Macrophage activation was noted to be defective in these mice and NOS2 expression was
low among them (Flynn et al., 1993, Dalton et al., 1993). Persons defective in the gene for
IFN-y or the IFN-y receptor are prone to serious mycobacterial infections, including M.
tuberculosis infections (Ottenhoff et al., 1998). Although IFN-y production alone is not
enough to control mtb infection. Nevertheless it is required for protective immune response to
M. tuberculosis (Flynn and Chan, 2001a).

Some studies have suggested that IFN-y levels are depressed in patients with active
tuberculosis (Lin et al., 1996, Zhang et al., 1995). (Hirsch et al., 1999) also did provide
compelling results to show that M. tuberculosis induced IFN-y production by PBMCs from
tuberculosis patients were decreased compared with findings in healthy tuberculin reactors.
IFN-y can be unreliable as an immune correlate of protection because M. tuberculosis can
prevent macrophages from responding adequately to IFN-y as demonstrated in a study (Ting

et al., 1999). This ability of M. tuberculosis to limit activation of macrophages by IFN-y
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suggests that the amount of IFN-y produced by T cells may be less predictive of outcome

than the ability of the cells to respond to this cytokine (Flynn and Chan, 2001a).

2.10.3 Tumour Necrosis Factor o (TNF- o)

The duality of TNF- a in both tuberculosis protective immune response and pathology has
been the subject and has a long standing history in tuberculosis research. M. tuberculosis
induces the production of TNF- a by dendritic cells, T cells and Macrophages (Ladel et al.,
1997, Henderson et al., 1997, Serbina and Flynn, 1999, Barnes et al., 1993). TNF-a is
required for the control of M. tuberculosis infection via granuloma formation (Raja, 2004,
Flynn and Chan, 2001a).

In studies using mouse models, mice lacking TNF-a or the 55kDa TNF receptor rapidly
succumbed to M. tuberculosis infection with higher mycobacterial burden compared to the
control mice (Flynn et al., 1995a, Bean et al., 1999). There also exist possible role in
mediating macrophage activation during M. tuberculosis infection (Flynn and Chan, 2001a).
TNF-o has been reported by some investigators to synergise with IFN-y to induce NOS2
expression. Thus activating macrophage bactericidal mechanism leading to macrophage
dependent killing of M. tuberculosis.

There exists substantial data to validate the importance of this cytokine in granuloma
formation in mtb infection and most likely other mycobacterial diseases (Flynn et al., 1995a,
Bean et al., 1999, Ehlers et al., 1999, Kindler et al., 1989, Garcia et al., 1997, Raja, 2004,
Flynn and Chan, 2001a). NOS2 expressions in granulomas of TNF receptor lacking mice
when infected with M. tuberculosis was delayed by Flynn and his colleagues in their
investigation (Flynn et al., 1995a). Other investigators however did not see similar delays
when they did a similar study with TNF-o deficient mice instead (Bean et al., 1999).
Granulomatous response is lacking following mtb infection in murine models in the absence

of 55-kDa TNF receptor and TNF-a. In the few disorganised granulomas formed, there were
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observed impairment in lymphocyte and macrophage co-localisation as well as fewer
activated macrophages (Flynn and Chan, 2001a, Flynn et al., 19953, Bean et al., 1999) . TNF-
a affects cell migration to granulomas at the site of infection. It also affects localisation
within tissues during mtb infection.

TNF-o induces the expression of chemokines and chemokine receptors in addition to
adhesion molecules. This leads to the formation of granulomas within the infected tissues.
The mechanism by which TNF-a exerts this influence is yet to be elucidated by researchers
(Flynn and Chan, 2001a).

TNF-a is often referred to as the inducer of host-mediated pathology often related to the
lungs (Rook et al., 1987, Rook, 1990, Moreira et al., 1997). (Flynn and Chan, 2001b)
suggested from a study using mice that, it is the absence of a well organised granuloma
leading to diffused infection through the body that accounts for 100% mortality in mice
lacking TNF-a or its receptor and not necessarily the increase in bacterial load. Thus TNF-a
contributes substantially to modulating inflammatory response and pathology during M.

tuberculosis infection.

2.10.4 Interleukin 10 (IL-10)

Evidence from human tuberculosis studies have shown that IL-10 is elevated in the lungs
(Almeida et al., 2009) and serum (Verbon et al., 1999) of active pulmonary tuberculosis
(PTB) patients. Neutralisation of endogenous IL-10 in studies using peripheral blood
mononuclear cells (PBMCs) from pulmonary tuberculosis patients have revealed and increase

in IFN-y and T cell proliferation (Zhang et al., 1994).

IL-10 has been shown to be produced by both myeloid and lymphoid cells. Toll like Receptor
ligation due to massive influx of pathogen products induces the production of IL-10 (Kaiser

et al., 2009, Redford et al., 2011).
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IL-10 has also been known to be produced by innate cells like DCs via none TLR related
stimuli like C-type lectin receptors (Rogers et al., 2005). Other immune cells capable of
producing 1L-10 include neutrophils, CD4" T cells, CD8" T cells, B cells, mast cells and
eosinophils. It is important to note that the pathways differ in these cells (Redford et al.,

2011).

Following phagocytosis of M. tuberculosis by macrophages, IL-10 production is a
consequence of natural antimicrobial response from the host. Pathogen induced immune
evasive mechanism can also induce MAC to produce IL-10. IL-10 has been proposed to
block phagosome maturation (O’Leary et al., 2010) and IFN-y induced activation of MAC to
initiate mycobacterial killing (Moore et al., 2001) leading to the survival of M. tuberculosis in

host

In addition to this it has been shown to down regulate major histocompatibility complex
molecules during phagocytosis to block antigen presentation (Moore et al., 2001) leading to
disease progression. A review by (Redford et al., 2011) concluded that I1L-10 was functioning
to limit the immune response to mtb and may contribute to tuberculosis pathogenesis. Other
cytokines do play important roles in the development of this disease and has been the subject
of some studies. This includes Interluekin-6(\VanHeyningen et al., 1997), Interluekin-4 (Lin
et al., 1996) and transforming growth factor-p (TGF-B) (Hirsch et al., 1997, Toossi et al.,

1995, Dahl et al., 1996).
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2.11 MICRO RNAS (MIRNAS)
MiRNAs are newly discovered, small non-coding ribonucleic acids that have been

documented to regulate host genome expression post transcriptionally. They have been
discovered to regulate various biological processes which include immune cell lineage
commitment, differentiation, maturation and maintenance of immune function. In line with
this, dysregulation of miRNA expression patterns have been associated with several diseases
including autoimmune diseases (Dai and Ahmed, 2011).

The discovery of miRNAs changed our understanding about immune regulation and its
relevance to diseases.

It was not until 1993 that the first miRNA (lin-4) was identified by Lee and his team (Lee et
al., 1993).

It took years after the first discovery to prompt investigations and discovery into the diverse
and abundant nature of miRNAs in different species (Lau et al., 2001, Bartel, 2004, Lagos-
Quintana et al., 2001, Lee and Ambros, 2001). This was precipitated by the identification of
the 2" miRNA (let-7) (Reinhart et al., 2000).

The development of cutting edge bioassays has made it possible for further development into
the discovery, biogenesis and function of miRNA. It was the recognition of aberrant
expression and or function of miRNAs in a broad range of human diseases that gave miRNA
research widespread attention (Zhang and Farwell, 2008, Zhang et al., 2007, Krutzfeldt and

Stoffel, 2006, Eacker et al., 2009, Pauley et al., 2009).

2.11.1 Biogenesis

Most mammalian RNA genes have been identified in the intron region of either protein or
non-protein coding transcripts. It is only a small number that has been identified in exon

regions of non-coding RNAs (Rodriguez et al., 2004, Kim et al., 2009, Kim and Nam, 2006).
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It is therefore noteworthy that some miRNA genes can either be intronic or exonic miRNAs
(Rodriguez et al., 2004, Kim et al., 2009).

The last decade has seen an escapade of investigations into miRNA biogenesis pathway and
regulation receiving extensive review in some recent publications (Bartel, 2004, Kim et al.,
2009, Carthew and Sontheimer, 2009, Winter et al., 2009, Chan and Slack, 2007, Kim, 2005).
During the process of biogenesis as shown in figure 2.4 miRNA genes are transcribed by
RNA polymerase Il into primary miRNA transcripts (pri-miRNA). Most of these transcripts
are thousands of nucleotides long, containing various hairpin structures (Kim et al., 2009,
Kim, 2005, Lee et al., 2004).

During the canonical miRNA biogenesis pathway, the pri-miRNAs are cleaved in the nucleus
by a microprocessor complex. The microprocessor complex is composed of the nuclear
RNase IlIl enzyme, Drosha and the double-stranded-RNA-binding protein, DiGeorge
syndrome critical region protein 8 (DGCRS8). cleaving of the pri-miRNAs by the
microprocessor complex forms the precursor miRNA (pre-miRNASs) (Gregory et al., 2004,
Lee et al., 2003).

There exists an alternative miRNA biogenesis pathway known as non-canonical miRNA
biogenesis pathway (Dai and Ahmed, 2011). In this pathway a different precursor, mirtrons
are rather produced irrespective of microprocessor processing (Okamura et al., 2007,
Berezikov et al., 2007, Ruby et al., 2007). Branched pre-mirtrons go through lariat-mediated
debranching to generate pre-miRNAs after splicing of mirtrons by spliceosome (Chan and
Slack, 2007, Ruby et al., 2007, Okamura et al., 2007).

Pre-miRNAs are exported to the cytoplasm from the nucleus by the nucleocytoplasmic
shuttle protein Exportin-5.They are then processed by the RNAIII enzyme dicer to yield a 22
nucleotide long miRNA duplex which is imperfectly matched (miRNA/miRNA*). They are

then loaded into the Argonaute (Ago) protein to generate RNA-induced silencing complex
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(RISC). The guided strand of the miRNA/mMiRNA* duplex remains in the RISC as a mature
mIiRNA. The complementary strand is however degraded (Kim et al., 2009, Carthew and
Sontheimer, 2009). The mature miRNA loaded unto RISC interacts with the 3> UTR of its
target messenger RNA (mRNA) to regulate gene expression. The seed region of the miRNA
is about 2-8 nucleotides long. It is important for recognition of target (Dai and Ahmed, 2011).
The mechanism of miRNA mediated gene regulation (translation repression or miRNA
cleavage and degradation) is determined by the degree of complementation between the
mMIRNA seed region and the target mRNA 3° UTR (Bartel, 2004, Carthew and Sontheimer,
2009). MiRNA-regulated genes are mainly subjected to translational inhibition as revealed by

High-throughput proteomic analysis (Baek et al., 2008).
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Figure 6 miRNA biogenesis and action in animal cells
(Dai and Ahmed, 2011)

2.11.2 Role of miRNAs in immune system development and function

There has been an unprecedented rise in evidence to support the claim that miRNAs are
important for the developed and function of both innate and adaptive sectors of the immune

system (Taganov et al., 2007, Xiao and Rajewsky, 2009)

2.11.3 MiRNAs in the regulation of innate immunity
Recent studies have brought to light that, miRNAs in addition to regulating the development

of the innate immune cells also fine tunes the innate immune response sometimes via
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negative feedback regulation of toll-like receptor signalling (Taganov et al., 2007, Gantier et
al., 2007).

miR-223 was highly induced by the transcription factor CCAAT enhancer binding protein o
which resulted in enhanced granulocyte differentiation (Fazi et al., 2005, Pulikkan et al.,
2010). On the other hand another study with miR-223 knockout mice revealed that miR-223
acted as a negative regulator of granulocyte differentiation by targeting a different
transcription factor, myocyte-specific enhancer factor 2C (Johnnidis et al., 2008).
Monocytopoiesis has been documented to be controlled by a circuitry loop which consists of
miR-17-5p, miR20a, miR-106a, acute myeloid leukaemia-1(AML-1) and macrophage
colony-stimulating factor receptor (M-CSFR) (Fontana et al., 2007). During
monocytopoiesis, the expression of miR-17-5p, miR20a, and miR-106a was reduced. On the
other hand, their target gene, AML-1, was upregulated to promote the expression of M-
CSFR, which is crucial in differentiation and maturation of monocytes and macrophages.
MiR-424 was shown to also enhance monocyte differentiation (Rosa et al., 2007). Other
miRNAs involved with toll-like signalling regulation of the innate immune system includes
miR-146a (Taganov et al., 2006), miR-155 (O'Connell et al., 2007), miR-21 (Dai and Ahmed,

2011), miR-147(Liu et al., 2009) and miR-9 (Bazzoni et al., 2009).
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Figure 7 miRNAs in the regulation of innate immunity (Dai and Ahmed, 2011)

45



2.11.4 MiRNAs in the regulation of adaptive immunity

There have been documented roles of miRNA in the regulation of lymphocyte development
and function. MiR-155 is upregulated in T and B lymphocytes upon activation. It is required
for lymphocyte homeostasis and normal immune function (Rodriguez et al., 2007, Thai et al.,
2007, Vigorito et al., 2007, Dorsett et al., 2008). MiR-155 knockout mice have defective T
and B immunity, including abnormal Th1/Th2 differentiation ratio with increased Th2
polarisation and cytokine production, a reduced number of Treg cell, decreased germinal
centre response and low numbers of IgG class-switched plasma cells and memory cells
(Rodriguez et al., 2007, Thai et al., 2007, Vigorito et al., 2007, Calame, 2007, Kohlhaas et al.,
2009).

MiR-181a also plays an important role in the regulation of both T and B cell development
(Dai and Ahmed, 2011). Expression of miR181a in hematopoietic progenitor cells in vitro
resulted in an increase in B-lineage cells (Chen et al., 2004). This miRNA was found to target
negative regulators of TCR signalling and therefore plays an important role in T cell
maturation by regulating T cell receptor signalling strength and then tuning T cell sensitivity
to positive and negative selection. Inhibiting of miR-181a expression in immature T cells
impaired both positive and negative selection during T cell development (Li et al., 2007).
MiR-150 has been documented to be selectively expressed in mature resting T and B cells but
not in their progenitors (Monticelli et al., 2005, Xiao et al., 2007). Over expression of miR-
150 prematurely resulted in blockage of B cell development (Xiao et al., 2007, Zhou et al.,

2007).
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Figure 8 miRNAs in the regulation of adaptive immunity

2.11.5 MiRNAs and bacterial infection

With the background knowledge that miRNAs regulate the expression of a number of genes,
the relationship between dysregulation of miRNAs and infectious diseases became the
subject of extensive investigation for a number of such diseases (Singh et al., 2013a). Early
studies focused mostly on the role of miRNASs in parasitic and viral infections (Ding and
Voinnet, 2007, Cullen, 2011, Hakimi and Cannella, 2011). Recently the significance of
miRNAs in host bacterial interaction has been demonstrated (Eulalio et al., 2012). It was this
leap that generated rise in interest to dissect the relationship between deadly bacterial
diseases like tuberculosis and miRNAs. MiR-393 was the first documented miRNA involved
in bacterial infection. It was reported to contribute to resistance against extracellular bacteria
Pseudomonas syringae in Arabidopsis by repressing auxin signalling (Navarro et al., 2006).
H. pylori infections have also been documented to alter the expression of miRNAs(De Flora
and Bonanni, 2011). Salmonella has also been reported to significantly induce miR-155,

miR-146a and miR-21(Schulte et al., 2011). Expression of miR-155, miR132 and miR-146
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was induced by lipopolysaccharide from salmonella and Escherichia coli (Tili et al., 2007).
Significant changes in the miRNA profile of bone marrow derived macrophages have been
reported to be induced by Listeria monocytogenes. These miRNAs included miR-155, miR-

146a, miR-125a-3p/5p and miR-149 (Schnitger et al., 2011).

2.11.6 MiRNAs and Mycobacterial infection

MiRNAs have been discovered in plasma, body fluids and serum in stable forms protected
from endogenous Rnase activity. This brings to light their promising potential for use as
disease biomarkers and targets for therapeutics (Jackson, 2009). The first clarification
concerning the involvement of miRNAs in the pathogenesis of pulmonary tuberculosis was
reported in 2011 by Fu and his group in which they investigated the relationship between
circulating serum miRNAs and active pulmonary tuberculosis using micro-array based
expression profiling method. In this study, 92 miRNAs were significantly detected out of
which 59 were down regulated and 33 were upregulated in serum from tuberculosis patients
as compared to serum from controls. Upon RT-PCR confirmation of microarray results, miR-
29a and miR-93 was found in significantly higher amount in serum and sputum from active
pulmonary tuberculosis patients as compared to controls (Fu et al., 2011). Another study
identified overexpressed miR-147 and under suppressed miR-19b-2 in sputum of tuberculosis
patients as compared to healthy controls (Yi et al., 2012). Sharbati et al. demonstrated in
2011 after infecting macrophages with M. avium that several miRNAs were differentially
regulated. Many of these differentially regulated miRNAs decreased in expression. Some of
which includes miR-20a, miR-191, miR-378 and miR-185. On the other hand other miRNAs
were up regulated upon manipulation of this immune cell. These included miR-146a/b, miR-
29a and Let-7a. Caspases 3 and 7 were identified as targets for Let-7e and miR-29a after
integrated analysis of mMiIRNA and mRNA expression as well as target prediction and reporter

assays. This study demonstrated that the inhibition of apoptosis after mycobacterial infection

48



is controlled by miRNAs (Sharbati et al., 2011). The instrumental role of miR-29 was also
demonstrated in murine T cells after infection with Listeria Monocytogenes or
Mycobacterium bovis bacillus Calmette-Guerin (BCG). Contrary to the afore mentioned up
regulation of miR-29, Ma and co-workers observed down regulation of miR-29 expression in
IFN-y-producing natural Killer cells,CD8" T cells and CD4" T cells. Contrary to earlier studies
they showed that miR-29 directly targets IFN-y mRNAs and suppresses their production (Ma
et al., 2011b). Recently, alteration in differential expression of miRNAs was reported in
infected human macrophages in response to high virulent M. tuberculosis as compared to less
virulent strain, M smegmatis (Rajaram et al., 2011). Finally, Kleinsteuber et al. shows for the
first time decreased expression of miR-21, miR-26a, miR-29a, and miR-142-3p in CD4" T

Cells and Peripheral Blood from Tuberculosis Patients(Kleinsteuber et al., 2013).

Although the pleiotropic nature and heterogeneous diversity of miRNAs and their function in
different cells makes it difficult to elucidate the exact mechanism of their involvement in host
pathogen interaction, it has been established empirically that several miRNAs are in no doubt

involved in bacterial infections especially mycobacterial infections.
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CHAPTER THREE
3.0 METHODOLOGY

3.1 STUDY POPULATION
A total of 32 clinically confirmed tuberculosis patients yet to start chemotherapy and 56 of

their exposed but healthy household contacts were consecutively recruited from 3 periurban
hospitals (Komfo Anokye Teaching Hospital (KATH), Kumasi South Hospital (KSH) and
Kwame Nkrumah University of Science and Technology (KNUST) Hospital). These
hospitals are situated in Kumasi, the 2™ largest city in Ghana, West Africa with a population
of over 2 million. KATH is the second largest teaching hospital in Ghana. It has a chest clinic
that attends to persons living with tuberculosis and has a 24-bed capacity ward that admits
patients with severe cases of tuberculosis and for whom medical admission may be necessary
at the onset of the disease. It sees as many as approximately 548 new tuberculosis cases per
year (2008/2009). Kumasi South Hospital and KNUST Hospital attends to about 60
tuberculosis patients each year. Severe cases from these hospitals are referred to KATH.
3.2STUDY AREA

Kumasi, otherwise known as the Garden City is the 2" largest city in Ghana which is on
latitude N 06°41.37” and longitude W 001°36.65. It is located in the southern central part of
Ghana in the Ashanti Region. It is about 480km north of the equator and 160km north of the
Gulf of Guinea. There are close to 2 million people living in Kumasi.

3.3 STUDY DESIGN

We conducted a nested case control study in prospectively newly recruited cases in three
periurban hospitals previously described (see 3.1) between February 2011 and November
2012. There were 3 clearly defined time points where blood samples were taken from patients
and controls. Time points 1, 2 and 3 were before antituberculous chemotherapy, a month into
antituberculous chemotherapy and 6 months from start of chemotherapy (after treatment)
respectively.
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A case for this study was defined as a clinically confirmed tuberculosis patient yet to start
antituberculous chemotherapy and a control for this study otherwise referred to as latently M.
tuberculosis infected (LTBI) is a household contact of the tuberculosis patient who lives
under the same roof and or spends at least 12 hours with the tuberculosis patient with a
positive IFN-y response to purified protein derivative (PPD) antigen (as described under
3.9.3).
3.4 DIAGNOSIS AT THE HOSPITAL
All individuals who were clinically suspected to have tuberculosis and had been referred to
hospital for treatment, underwent M. tuberculosis sputum smear test, and for sputum negative
cases; laboratory confirmation by M. tuberculosis sputum culture. M. tuberculosis sputum
smear test was routinely performed and was applied independently of their decision to
participate in the study and to donate additional samples for research.
3.5 INCLUSION CRITERIA

e Clinically diagnosed and confirmed tuberculosis patients who are yet to start

chemotherapy.
e Household contacts exposed to M. tuberculosis who spend at least 12 hours with the
tuberculosis patient or and live under the same roof with tuberculosis patient.

3.6 EXCLUSION CRITERIA

e Suspected tuberculosis but not clinically confirmed patients.

e Clinically confirmed tuberculosis patients who have already started chemotherapy.

e Persons who do not spend at least 12 hours with tuberculosis patient
3.7 FIELD WORK
Patients reporting to the hospital for the first time upon suspicion of tuberculosis (mostly with
at least two weeks of persistent cough) were given a spot test. For smear positive cases, it was

confirmed by use of early morning sputum. For smear negative cases, sputum culture was
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used for confirmation. Clinical diagnosed and confirmed tuberculosis patients were
consecutively enrolled on the study after the study was carefully explained to them and their
informed consent sought via thumbprint or and signature. Their blood samples and
demographics were taken and they were followed up home to take samples from eligible
contacts. Blood was transported by the field team to the laboratory to commence laboratory
assays immediately. The laboratory assays were in 6 phases. In phase 1, the peripheral blood
mononuclear cells (PBMCs) were isolated from whole blood from tuberculosis patients and
controls. Total cell count of PBMCs was then performed. In phase 2, a specified number of
PBMCs were restimulated using 6 different antigens for 5 days. In phase 3, the culture
supernatant from stimulated cells was used to quantify the amount of IFN-y produced by T
cells. In phase 4, PBMCs from phase 1 were used to enrich CD4" T cells after which their
purity was determined by fluorescent activated cell sorting (FACS) analysis. MiRNAs were
extracted from the isolated CD4" T cells in the 5" phase. Finally, miRNAs’ differential
expressions were quantified using a singleplex and multiplex uantitative real time-polymerase
chain reaction (QRT-PCR) system in the 6" phase. This was repeated for all study participants
for the second time point (a month into treatment) and third time point (6 months from start
of treatment). For subsequent time points, patients were followed up to their homes where
samples were taken.

3.8 SAMPLE COLLECTION

For all study participants (both cases and controls), 30mls peripheral blood were placed into
heparinized monovettes (refer to figure 48 in appendix) for immunologic and molecular
analyses prior to chemotherapeutic treatment (time point 1), after a month of chemotherapy

(time point 2) and after treatment (time point 3).
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3.9 LABORATORY ASSAY

3.9.1 PBMC isolation

PBMCs were isolated from whole blood of patients and their contacts to be used for in vitro

antigen restimulation.

3.9.1.1 Preparing samples

Monovettes were mildly shaken after which blood was pipetted into a 50ml Falcon tubes. It
was then diluted with 1x Dulbecco’s phosphate buffered saline (1x DPBS) (GIBCO, USA) at

room temperature to the 50ml mark as shown in figure 9.

—

Figure 9 The first 2 tubes on the left contains blood diluted with PBS and the right tube
contains biocoll layered with blood.

3.9.1.2 Blood Layering
A 50ml Falcon tube containing 15mls of Biocoll separating Solution (BIOCHROM AG,

Germany) was carefully layered with 25mis of blood. This was repeated for each patient

sample as each sample after dilution has a total volume of 50mls.
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Figure 10 Layering biocoll with blood.

3.9.1.3 PBMC separation
The biocoll layered with blood (2 for each sample) was then centrifuged at 1600rpm for 30

minutes without breaks at room temperature. There were 4 layers formed. The bottom layer
contained the pelleted red blood cells and the next on top was the biocoll. After the biocoll
was the buffy coat which contained the PBMCs and after the buffy coat was the top layer
which was the plasma. The buffy coat was carefully removed from the middle layer with a

Pasteur’s pipette into a fresh 50mls Falcon tube.

3.9.1.4 1™ washing
The isolated PBMC was washed by diluting via a factor of 1:3 dilutions using 1xDPBS

(GIBCO, USA) kept on ice. It was then centrifuged at 1200rpm for 20minutes at 4°C.

3.9.1.5 2" washing

Supernatants were poured off the pelleted cells. The pelleted cells from one tube were re-
suspended in 1xDPBS (GIBCO, USA) kept on ice and transferred into the next tube. The
contents of the 2" tube were then resuspended using the 1000ul pipette to ensure cells were
adequately mixed in the PBS. The volume was topped to the 10ml mark and centrifuged at
1200rpm for 10 minutes at 4°C. The supernatant was discarded. The cell pellets were

resuspended in 1ml 1xDPBS (GIBCO, USA) and kept on ice for counting.
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Figure 11 cells pelleted at the base of the falcon tube after 2nd washing.

3.9.2 Cell Counting

Cells were counted to enable the determination of precise quantity to be used for each assay
per the protocol’s recommendation. Cells were counted using the Neubauer hemacytometer.
A well on a 96 well plate was filled with 195ul of trypan blue (GIBCO, USA). After, 5ul of
cell suspension was added (dilution factor=40) and resuspended gently using the 5ul pipette.
Then, 10ul of the trypan blue and cell suspension was pipetted unto the Neubauer
hemacytometer for counting via the Zeiss Axiovert 25 inverted microscope (Carl Zeiss,
Germany).

The formula used for computing the total cell count is as follows

Total number of cells= #cells counted x 10* x dilution factor x volume of cell suspension

55



Figure 12 Neubauer hemacytometer loaded with samples for counting on the Zeiss Axiovert
25 inverted microscope

3.9.3 In vitro stimulation of PBMC with M. tuberculosis specific antigens

In vitro restimulation was used to induce PBMCs to produce INF-y with the use of
tuberculosis specific antigens and controls. In all, 6 antigens were used for the stimulation of
PBMCs. Out of these, 4 were positive controls and the remaining 2 were tuberculosis specific
antigens. The 2 tuberculosis specific antigens were Purified Protein Derivative tub. (PPDtub)
and Early Signs of Antigenic Target 6 KDa (ESAT-6) (Paediatric Infectious Diseases Group,
Department of General Paediatrics, Neonatology, and Paediatric Cardiology, Dusseldorf,
Germany). The positive controls were Phorbol 12-myrstate 13-acetate (PMA) used together
with lonomycin (lo), Phytohaemagglutinin (PHA) and Staphylococcal Enterotoxin B (SEB)
(Paediatric Infectious Diseases Group, Department of General Paediatrics, Neonatology, and
Paediatric Cardiology, Dusseldorf, Germany)

For each sample 6 wells were used on a 96 well plate. Each well contained 2x10° cells

An aliquot of the PBMC cell suspension equivalent to 1.4x10° was pipetted into a 15ml tube
containing 1.4mls of X-VIVO media. Each of the 6 labeled wells was filled with 200ul of X-
VIVO cell suspension. The first well served as a negative control. The 2" and 3" wells were

infected with PPDtub and ESAT6 respectively. The 4™ well was infected with lo and PMA
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whereas the 5 and 6" wells were infected with PHA and SEB respectively. The table below

gives the wells, antigens, dilutions and volumes used

Table 1 ANTIGENS AND THEIR VOLUMES USED PER WELL

WELL | ANTIGEN FINAL CONCENTRATION/WELL
1 UNSTIMULATED | N/A

2 PPDtub 5 pg/mi

3 ESAT-6 5 pg/ml

4 PMA/lo 5 pg/ml each

5 PHA 5 pg/ml

6 SEB 5 pg/mi

The plates containing the cells stimulated with various antigens were then placed in the

incubator at 37°C with 5% CO, concentration for 5 days.

3.9.6 Enzyme Linked Immunosorbent Assay (ELISA)

The ELISA assay was used to determine antigen specific INF-y concentration in culture
supernatants. The INF-y concentration in culture supernatants were quantified using the
ELISA for Human INF-y kit (MABTECH, Sweden) with minor modifications to the
manufacturer’s recommended protocol. Serial dilution of human recombinant INF-y standard
was started from 500ng/ml instead of 1000ng/ml. This was done to eliminate the parabolic
nature of standard curve observed. Culture supernatants from wells with tuberculosis specific
antigens were diluted in 1:5 ratio whereas culture supernatants from wells with positive
controls were diluted in 1:100 ratio. This was done to maintain the INF-y concentration

within detectable range.
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3.9.6.1 Antibody Coating
Monoclonal antibody 1-D1K (mAb 1-D1K) coating antibody was diluted to 2ug/ml in

1xPBS using a dilution factor of 1:500. A high protein binding ELISA plate was coated with

the antibody by adding 100ul per well. The plate was incubated overnight at 4°C.

3.9.6.2 Blocking of unspecific binding sites

The coating solution was discarded on the second day after which it was washed twice using
1xPBS with 200ul per well. The plate was dried on paper towel by blotting. The unspecific
binding sites were then blocked by adding 200ul per well of incubation buffer (1xPBS, 1%
Bovine Serum Albumin (BSA), 0.05% Tween 20). It was then incubated at room temperature

for an hour.

3.9.6.3 Incubation of Culture supernatant

The plate was washed 5 times with washing buffer (1xPBS, 0.05% Tween 20) using 200ul
per well. For the tuberculosis specific antigens a total of 50ul culture supernatant (diluted
1:10 with incubation buffer) was used and for the positive controls a total of 50ul culture
supernatants (diluted 1:100 with incubation buffer) was used. The samples were all ran in
triplicates. The standard used was diluted 1:1000 in incubation buffer. The starting
concentration was 2ng/ml running in duplicates. It was serially diluted by filling 100ul
incubation buffer in subsequent wells and by transferring 100ul from well to well. The last 2
wells were used as blanks by adding 100ul of incubation buffer only. It was then incubated at

room temperature for 2 hours.

3.9.6.4 Detection

The supernatant was discarded and the plate was washed 5 times using washing buffer by

adding 200pul per well. The stock solution of Biotinylated monoclonal antibody 7-B6-1 was
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diluted in incubation buffer (1:1000). 100 pl of which was added to each well and incubated

at room temperature for an hour.

It was washed 5 times using the washing buffer by adding 200ul per well. Streptavidin-Horse
Radish Peroxidase (diluted with incubation buffer at 1:250) was added 100ul per well and

incubated for an hour.

The contents were discarded after the hour and washed 5 times with washing buffer by
adding 200ul per well. The plate was dried by blotting on paper towel and placed on a white
paper background. 100ul per well of substrate solution (for a plate: 12mls of substrate buffer
(0.1M phosphate buffer, pH 5.5: 13.8g NaH,PO,xH,O in 1L Aqua dist.), 200ul
TetraMethylBenzidin (TMB) in Dimethyl sulfoxide (DMSO), 1.2ul H,0,) was added. The
colour changed from colourless to blue for positive wells after it was allowed to develop for
5minutes.The reaction was stopped by adding 25 pl 2M H,SO, per well. All positive wells

changed from blue to yellow

3.9.6.5 Elisa Reading
The Optical density (OD) was measured at 450nm and 570nm using the SUNRISE TECAN

ELISA machine (Austria). The actual concentration was computed from the ODS using the

graphpad Prism version 5.0.
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Figure 13 Colour of positive wells changes from blue to yellow upon addition of sulphuric
acid just before reading with SUNRISE ELISA machine

3.9.7 MiRNA lIsolation
MiRNAs were isolated from the pelleted CD4" T cells from the CD4" T cell enrichment

assay using the Mirvana miRNA isolation kit (life Technologies, USA).

Cell pellets were palm thawed and 500 ul of Lysis/Binding solution was added to each
sample. The resulting solution was thoroughly mixed by vortexing. Then, 50 pl of miRNA
homogenate additive was added after which the contents of the eppendorf tubes containing
the samples were briefly vortexed and incubated on ice for 10 minutes. After that, 550 pl of
Acid Phenol Chloroform was added to each sample and vortexed for 60 seconds. The
resulting solution was centrifuged at 12,000 rpm for 5 minutes. Twox200 pl of the aqueous
layer was harvested into a second eppindorf tube. Exactly 500 pl of 100% ethanol was added
to the harvested layer for each sample and thoroughly mixed with the pipette. A cartridge was
placed into the first collection tube after which 700 pl of ethanol suspension was pipetted
unto it. It was centrifuged for 60 seconds at 10,000 rpm. The flow through was discarded and
the step was repeated using the remaining ethanol suspension. Then, 700 ul of wash solution
one was pipetted unto the cartridge after which it was centrifuged for 60 seconds at 10,000
rpm as before. The flow through was discarded and this step was repeated twice using 500 pl
wash solution 2/3. The empty tube and cartridge was centrifuged for 90 seconds at 10,000
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rpm. The cartridge was placed in the second collection tube after which 100 pl of Ampuwa
water of 95°C was incubated for 2 minutes at room temperature. The contents were
centrifuged at 12,000 rpm for 60 seconds. At this time the filter cartridge was rather
discarded and the ampuwa water containing the miRNAs were transferred into cryotubes and

stored in the -80 freezer

3.9.8 RNA Quantification

Extracted RNA was quantified for single assay and plate array for miRNA screening. The
isolated RNA sample was palm thawed. Then, 1 pl of the RNA extract of interest was
pipetted unto the nanodrop and measured using the RNA measurement option selected on the

programme. For each sample measured 500ng was needed for reverse transcription.

3.9.9 TagMan Reverse Transcription for Plate assay

Tagman Plate array requires cDNA to perform. It is therefore needful to convert the miRNA
to cDNA using this assay. The equivalent volume corresponding to 500ng was computed and
pipetted from the RNA extract from the sample of interest. Mastermix of the reaction were
added in each tube for each sample according to the scheme below. For each sample two
tubes were prepared one for primer pool A and the other for primer pool B (Applied
Biosystems, Germany). There were 32 targets of interests out of which 3 were housekeeping

genes the remainder being miRNAs.

Table 2 SCHEME OF MASTERMIX FOR PRIMER POOL A

Component Volume
used
RNase-free H,O 8.6-xpl
10x RT Buffer 1.5ul
MgCl; (25mM) 1.8 ul
100mM dNTPs 0.4 ul
RNase Inhibitor 0.2 ul
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Multiscribe RT 1.5l

MegaPlex Primer-Pool A | 1.0 pl

miRNA X ul

TOTAL 15 pl

Table 3SCHEME OF MASTERMIX FOR PRIMER POOL B

Component Volume
used
RNase-free H,O 8.6-xpl
10x RT Buffer 1.5l
MgCl, (25mM) 1.8 ul
100mM dNTPs 0.4 ul
RNase Inhibitor 0.2 ul
Multiscribe RT 1.5l
MegaPlex Primer-Pool B | 1.0 pl
miRNA X ul
TOTAL 15 pl

The two tubes for each sample, one containing primer Pool A and the other primer Pool B are

placed in the thermal cycler. The reverse transcription is started using the programme below:

Table 4 PCR PROGRAMME

Time | Temperature

30mins | 16°C

30mins | 42°C

5mins | 85°C

Infinity | 4°C

The tubes are kept in the refrigerator for the RT-PCR later on.

3.9.10 TagMan Reverse Transcription for Single assay

RNAs from samples of interest were thawed on ice after which dilutions were prepared to

obtain a final concentration of 2ng/ ul.

The mastermix per sample were prepared on ice as follows:
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Table 5 SCHEME OF MASTERMIX FOR MIR-29A

Components Volume
used
RNase free water 4.16 pl
100mM dNTPs 0.15 pl
10x RT Buffer 1.5l
RNase Inhibitor 0.19 ul
Reverse 1l
Transcriptase
Primer (miR29a) 3ul

Table 6 SCHEME OF MASTERMIX FOR RNU48

Components Volume
used
RNase free water 4.16 pl
100mM dNTPs 0.15 pl
10x RT Buffer 1.5l
RNase Inhibitor 0.19 pl
Reverse 1l
Transcriptase
Primer (RNU48) 3 ul

For each sample one mastermix was prepared for the target of interest and the other for the
corresponding housekeeping gene. Then, 10 ul of the mastermix for the target was pipetted
into a tube of an 8 strip tube followed by 10 pl of mastermix for the House keeping gene in
the next tube for the same sample. Again, 5 pl (prepared dilutions of final concentration 2ng/
pl) of RNA was added to the master mix for target and an equal volume was added to the
mastermix for housekeeping gene for the same sample. It was gently mixed by pipetting up
and down. The tubes were sealed and transferred to the thermal cycler using the programme

earlier on stated for tagman reverse transcription with plate assay (see section 3.9.9).

3.9.11 qRT-PCR for Plate Array
QRT-PCR for Plate Array was used to quantify the differential expression of miRNA targets

to determine which of the selected targets were involved in the immune modulation of T cell

response to M. tuberculosis infection. Real Time PCR was done on the products of reverse
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transcription using the TagMan Universal PCR Mastermis, No AmpErase UNG (Applied

Biosystems, Germany) following manufacturer’s recommended protocol.

For each sample 2 different master mixes were prepared. One for cDNA (product of reverse
transcription) containing primer pool A and the other for cONA containing primer pool B. It
was prepared using the scheme below. The mastermix which contained all reagents for PCR
with the exception of cDNA was prepared 10% higher than the number of samples being
tested for. So, 5ng of cDNA was placed in each well of the optical 96 well plate used for the

RT-PCR.

Table 7 SCHEME FOR RT-PCR MASTERMIX

SAMPLE= IX(ul) | A95X) | B(10X) | H,0O(3.5X)
Rnase free water 9.7 9215 97 40
Tagman 2x MM 10 950 100 35
cDNA(5ng/well) 0.15 14.3 1.5

TOTAL 19.85 | 1885.8 | 198.5 75

The pre coated optical 96 well PCR plate was filled with 20 pl/well of the master mix

prepared using the scheme shown below:

Table 8 SCHEME FOR PIPPETING UNTO AN OPTICAL 96 WELL PLATE

T
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The optical plate was sealed and centrifuged for 5 minutes at 1200 rpm at 4°C after which it
was placed in an Applied Biosystem’s 7500 fast RT-PCR system. PCR was started using the

programme listed below.

Table 9 PLATE ARRAY PCR PROGRAMME

Time | Temperature

10mins | 95°C

15 secs | 95°C 40 cycles

60secs | 60°C

Figure 14 monitor displaying Amplification plot from a ran sample using the 7500 software

Expression of target miRNAs relative to housekeeping gene RNU48 was computed from

mean Ct (cycle threshold) values.

3.9.12 gRT-PCR for Single Assay

QRT-PCR for Single Assay was used to determine the differential expression of miR-29a
using cDNA earlier prepared. cDNA from single assay reverse transcription for both sample

and housekeeping gene of interest were diluted in a 1:5 ratio with RNase free water.

Master Mix for the single assay was prepared for 48 samples using the scheme below. The
mastermix which contained all reagents for PCR with the exception of cDNA was prepared
10% higher than the number of samples being tested for to compensate for loss due to

pipetting errors
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Table 10 SCHEME FOR PREPARING MASTERMIX

SAMPLE miR-29a RNU48
XL(ul) | x60(ul) | xL(ul) | x60(ul)

Tagman MM 10 600 10 600

Rnase free 7 420 7 420

H,O

Tagman 1 60 1 60

assay

TOTAL 18 1080 18 1080

For each sample 18 ul from target mastermix was pipetted in a well for miR-29a and the
same was repeated for housekeeping gene. This was repeated for all samples being used.
Diluted cDNA was mixed thoroughly by vortexing briefly and 2ul was added to the master
mix in wells for target and housekeeping gene per each sample. Plate was sealed using an
optical adhesive film and centrifuged at 1200 for 5 minutes at 4°C Plate was placed in RT-
PCR system (same as used for plate array) and run was started using the same programme as
plate array (section 3.9.11).

3.10 STATISTICAL ANALYSIS

Analysis of data from miRNA expression was performed using Microsoft excel. All miRNA
targets were ran in triplicates, thus mean Ct values were computed and used. Data were
normalised by finding the difference in Ct values between the target miRNA of interest and
their house keeping gene for each patient (RNU48 was used as housekeeping gene). The
change in Ct values between target and housekeeping gene (ACt) was used in a formula
where 2 was raised to the power of ACt to obtain the fold change of the gene expression with
respect to RNU48 (housekeeping gene)(22“"). The resultant values were used in statistical

analysis performed below.

Data were analysed using Graph Pad Prism version 5.0 (Graph Pad software San Diego

California, USA). Confidence interval was set at 95%. In all statistical tests a p value (two
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tailed) of <0.05 was considered statistically significant. The D'Agostino & Pearson omnibus
normality test was used to test for normality of all groups. Also all graphs shown in this thesis
were drawn using this software. Comparisons of two groups were performed using the Mann-
Whitney U test. Comparisons of three or more groups were performed using the Kruskal
Wallis test. Test for correlation between miR-29a expression and IFN-y expression was

performed using the spearman correlation test.

3.11 DATA HANDLING

All data and information obtained from patients have been anonymised and cannot be linked
to the patient in anyway. Names or any identifier have not been used in my thesis, any
publication or reports from this study. The principal investigator and co-investigators have
access to the data. All samples collected in this study have been given code numbers. For
processing of these samples or analysis of any results obtained from these samples, only these
code numbers were used. Likewise, all data and information obtained from patients will not

appear anywhere with names on it and cannot be linked to the patient in anyway.

3.12 ETHICAL APPROVAL

Ethical approval for this study was obtained from the Committee on Human Research,
Publication and Ethics (CHRPE) at the School of Medical Sciences (SMS) at the Kwame
Nkrumah University of Science and technology (KNUST) in Kumasi, Ghana. A copy of the
approval letter can be found in Appendix O. Additionally all patients gave their informed

consent given by signature or thumbprint as and when necessary.
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CHAPTER FOUR

4.0 RESULTS
Out of the 32 tuberculosis patients recruited for the study, 24(75%) were males. All cases

were new cases diagnosed with pulmonary tuberculosis with a mean age of 36.3. All patients
were on the same treatment regime per DOTS protocol. Concomitant diseases included HIV,
hernia, dysmenorrhea and hypertension. The details of basic demographics of the tuberculosis

patients and LTBIs are summarised in Table 11 below.

Table 11 DEMOGRAPHIC CHARACTERISTICS OF TUBERCULOSIS PATIENTS AND
LTBIS

Demographic Characteristics | Frequencies
Active Pulmonary TB Group

Number of Participants 32

Age(years, average; SD) 36.3+ 10.58

Sex(male: female) 24:8

BCG vaccination

Yes 14/32

No 18/32

Therapy

HRZE 32/32

Classification

New Case 32132

Diagnosis

Pulmonary TB 32/32

Concomitant Disease

HIV 1798

Hernia 1/32

Dysmenorrhea 1/32

Hypertension 2/32

None 27182

LTBIs

Number of Participants 19

Sex(male: female) 5:14

Age(years, average; range) 35.70 + 13.76

4.1 DYNAMICS OF INTERFERON-GAMMA RESPONSE

4.1.1 Interferon-gamma response over treatment period

PPD induced IFN-y response did increase slightly after a month of chemotherapy but

remained steady for the remainder of treatment. Comparison of PPD induced IFN-y response
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for all time points (before antituberculous chemotherapy, a month into chemotherapy and 6
months into chemotherapy) did not show significant changes (p= 0.8922) as shown in Figure
15. SEB induced IFN-y response increased after a month of chemotherapy but declined back
to baseline level after chemotherapy (6 months from start of chemotherapy). Comparison of
SEB induced IFN-y response for all time points (before antituberculous chemotherapy, a
month into chemotherapy and 6 months into chemotherapy) did not show significant changes

(p=0.8922) as shown in Figure 16.

30000' . ns .
| ) | J
A
20000-
= =
£ =
2 A
o
P4
L
10000
4 A
° [ ] | A
o, -
®ogee 3 tAA ‘*AA:
0- ‘. () .ﬁ.. T AAAA
0 1 6

Time points (months)

Figure 15 shows PPD induced IFN-y response of Tuberculosis patients at 3 time points
(Time points 0(n=19), 1 (n=19), and 6 (n=31)).
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Figure 16 shows SEB induced IFN-y response of TB patients at 3 time points (time point
1(n=18), 2 (n=18), 3 (n=31))

4.1.2 Interferon-gamma response between patients and their contacts
Comparison of PPD induced IFN-y response between Tuberculosis patients and Latent
Tuberculosis Infected household contacts of the patients did show significantly higher

response in latently infected individuals than patients (p= 0.0183) as shown in figure 17. This

pattern was similar with SEB induced IFN-y response (p= 0.0008) as shown in figure 18
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Figure 17 shows PPD induced IFN-y response between Tuberculosis (TB) patients (n= 18)
and Latent Tuberculosis Infected contacts (LTBIs) (n= 38)
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Figure 18 shows SEB induced IFN-y response between Tuberculosis (TB) patients (n= 18)
and Latent Tuberculosis Infected contacts (LTBIs) (n= 40)

4.1.3 Interferon-gamma response between vaccinated and non-vaccinated patients

Although PPD induced IFN-y response was slightly higher in prior BCG vaccinated patients
than none vaccinated ones it was not significant (p= 0.1314) as shown in figure 19. A similar
pattern was observed for SEB induced IFN-y response for the earlier stated groups of patients

(p=0.7333) as shown in figure 20.
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Figure 19 shows PPD induced IFN-y response between BCG vaccinated Tuberculosis
patients (n= 27) and non-vaccinated Tuberculosis patients (n=43)
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Figure 20 shows SEB induced IFN-y response between BCG vaccinated Tuberculosis
patients (n= 26) and non-vaccinated Tuberculosis patients (n=42)

4.1.4 Influence of age, sex and concomitant diseases on interferon-gamma response
among patients.

Ageing of the patients showed the tendency to repress PPD IFN-y response but this negative
correlation was not significant  for responses before antituberculous chemotherapy
(SR= -0.07143; p= 0.7782), a month into chemotherapy (SR= -0.3690; p= 0.1596) and 6
months from start of chemotherapy (SR=-0.04420; p= 0.8199). This observation was similar
for PPD IFN-y response for the first (SR= -0.1387; p= 0.5830) and second time points
(SR=-0.05694; p= 0.8224) except for the third time point (SR= 0.1727; p= 0.3527) where the
observed tendency deviated, yet these observations at all the time points were statistically

insignificant (see figure 21).

There was a slightly higher median IFN-y response in males than females for PPD
(p=0.1175) and SEB (p= 0.1215) induced responses but they were not statistically significant

(see figure 22).
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Tuberculosis patients without any known concomitant disease did show slightly higher PPD
induced IFN-y response than Tuberculosis patients with known concomitant disease. This
difference was however not significant (p= 0.3397). There was observed similar trend for

SEB induced IFN-y response (p= 0.2863) (see figure 23)
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Figure 21 Correlations between age of patients and PPD induced IFN-y responses are shown
on the left for time point 0 (a) (n=18), time point 1(b) (n=16) and time point 6(c) (n=29). On
the right of the graph are Correlations between age of patients and SEB induced IFN-y
responses for time point 0 (e) (n=18), time point 1(f) (n=18) and time point 6(g) (n=31)
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Figure 22 (a) shows PPD induced IFN-y responses between male (n=51) and female (n=17)
patients (b) shows SEB induced IFN-y responses between male (n=50) and female (n=16)
patients
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Figure 23 (a) shows PPD induced IFN-y responses between Tuberculosis patients (TB)
(n=18) and Tuberculosis patients with concomitant disease (TB+ CD) (n=3) (b) shows SEB
induced IFN-y responses between Tuberculosis patients (TB) (n=18) and Tuberculosis
patients with concomitant disease (TB+ CD) (n=3)
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4.2 CANDIDATE MIRNA SCREENING
29 preselected immune related miRNAs were screened in Tuberculosis patients and LTBIs.

Out of these miRNAs, 9 were not detectable in more than 50% of the samples using the
tagman assay thus could not be included in the analysis. Out of the 20 detectable miRNAs 7
miRNAs’ differential expression were altered significantly during antituberculous
chemotherapy. A summary of the miRNAs and successful candidates are shown in figure 24.
The five patients consecutively used throughout in the analysis were used because of
available data for all three time points. A to E refers to the same set of patients as used

throughout results.
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miR-203 miR-126
miR-218 miR-142-3p
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miR-455 miR-150
miR-303 mifl-1813
miR-144 miR-191
miR-155 miR-223
miR-25a miR-30a
miR-08
miR-99b
miR-101

 RNU43 |

Figure 24 shows preselected candidate miRNAs and successful candidates. Blue tabs on the
left shows all 29 candidates, yellow tab shows the endogenous housekeeping gene used,
middle red tabs shows detectable miRNAs and orange right tabs show significantly altered
candidates.

4.2.1 miR-25

MiR-25 differential expression increased steadily a month into chemotherapy through to the
end of treatment (as shown in figure 25). Although it increased significantly (p= 0.0270)
throughout treatment there were no clearly observed trends for individual responses from

patients (see figure 26).
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Figure 25 Shows differential expression of miR-25 during antituberculous chemotherapy.
Time point 0 (n=11), time point 1 (n=9) and time point 6 (n=7).
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Figure 26 shows differential expression pattern of miR-25 for 5 different patients during
antituberculous chemotherapy indicated by letters A-E.
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4.2.2 miR-26a

MiR-26a differential expression increased steadily a month into chemotherapy through to the
end of treatment (as shown in figure 27). Although it increased significantly (p= 0.0248)
throughout treatment there were no clearly observed trends for individual responses from

patients (see figure 28).
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Figure 27 Shows differential expression of miR-26a during antituberculous chemotherapy.
Time point 0 (n=11), time point 1 (n=9) and time point 6 (n=7).
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Figure 28 shows differential expression pattern of miR-26a for 5 different patients during
antituberculous chemotherapy indicated by letters A-E.

4.2.3 miR-29a

MiR-29a differential expression increased steadily a month into chemotherapy but decreased
then after at end of treatment (as shown in figure 29). Although its differential expression was
significantly altered (p= 0.0205) throughout treatment there were no clearly observed trends

for individual responses from patients (see figure 30).
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Figure 29 Shows differential expression of miR-29a during antituberculous chemotherapy.
Time point 0 (n=14), time point 1 (n=13) and time point 6 (n=25).
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Figure 30 shows differential expression pattern of miR-29a for 5 different patients during
antituberculous chemotherapy indicated by letters A-E.

4.2.4 miR-99b

MiR-99b differential expression increased steadily a month into chemotherapy through to the
end of treatment (as shown in figure 31). Although it increased significantly (p= 0.0027)
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throughout treatment there were no clearly observed trends for individual responses from

patients (see figure 32).
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Figure 31 Shows differential expression of miR-99b during antituberculous chemotherapy.
Time point 0 (n=11), time point 1 (n=9) and time point 6 (n=7).
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Figure 32 shows differential expression pattern of miR-99b for 5 different patients during
antituberculous chemotherapy indicated by letters A-E.

4.2.5 miR-101

MiR-101 differential expression increased steadily a month into chemotherapy through to the
end of treatment (as shown in figure 33). Although it increased significantly (p= 0.0227)
throughout treatment there were no clearly observed trends for individual responses from

patients (see figure 34).
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Figure 33 Shows differential expression of miR-101 during antituberculous chemotherapy.
Time point 0 (n=11), time point 1 (n=9) and time point 6 (n=7).
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Figure 34 shows differential expression pattern of miR-101 for 5 different patients during
antituberculous chemotherapy indicated by letters A-E.

4.2.6 miR-146a

MiR-146a differential expression increased steadily a month into chemotherapy through to
the end of treatment (as shown in figure 35). Although it increased significantly (p= 0.0375)
throughout treatment there were no clearly observed trends for individual responses from

patients (see figure 36).
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Figure 35 Shows differential expression of miR-146a during antituberculous chemotherapy.
Time point 0 (n=11), time point 1 (n=9) and time point 6 (n=7).
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Figure 36 shows differential expression pattern of miR-146a for 5 different patients during
antituberculous chemotherapy indicated by letters A-E.
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4.2.7 miR-223

MiR-223 differential expression increased steadily a month into chemotherapy but decreased
then after at end of treatment (as shown in figure 37). Although its differential expression was
significantly altered (p= 0.0434) throughout treatment there were no clearly observed trends

for individual responses from patients (see figure 38).
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Figure 37 Shows differential expression of miR-223 during antituberculous chemotherapy.
Time point 0 (n=11), time point 1 (n=9) and time point 6 (n=7).
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Figure 38 shows differential expression pattern of miR-146a for 5 different patients during
antituberculous chemotherapy indicated by letters A-E.

4.2.8 MiRNA expression between patients and contacts

The differential expression of the successful preselected candidate miRNAs of Tuberculosis
patients were compared to the LTBIs. The same was done for the other miRNAs that were
not significantly altered during antituberculous chemotherapy. There were no statistically
significant difference in median differential expression between tuberculosis patients and
LTBIs for miR-25 (p=0.2928), miR-26a (p=0.4173), miR-29a (p=0.1435), miR-99b
(p=0.3806), miR101 (p=0.3848), miR-146a (p=0.0501) and miR-223(p=0.9538) as shown in
figure 39. A summary of comparison between Tuberculosis patients and LTBIs for miRNAs
whose differential expression were not altered during anti-tuberculous chemotherapy are

shown in table below.
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Figure 39 shows relative expressions of preselected candidate miRNAs (that were
significantly altered during treatment) of patients (n=13) and LTBIs (n=11).
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Table 12 MEDIAN DIFFERENTIAL EXPRESSION OF NONE ALTERED MIRNAs IN
LTBI AND TB PATIENTS

Candidate | fold change in miRNA expression relative to RNU48 | p-value

MiRNAS Median(range)
B LTBIs

Let-7a 0.0008775 0.0009288 0.9476
(6.311e-005- 0.004218) (4.061e-005- 0.001974)

miR-15a 0.0002083 0.0002793 0.7169
(2.005e-005- 0.0009020) | (2.941e-005- 0.0006098)

miR-17 0.1085 0.08091 0.0822
(0.06768- 0.2400) (0.04818- 0.2200)

miR-21 0.07012 0.06092 0.7721
(0.02871- 0.1731) (0.04000- 0.1562)

miR-27a 0.001321 0.001027 0.6181
(0.0004864- 0.002118) (0.0003841- 0.002097)

miR-106a | 0.1086 0.08889 0.0822
(0.06728- 0.2722) (0.05238- 0.2167)

miR-106b | 0.003541 0.002482 0.5239
(0.002065- 0.007799) (0.001800- 0.01350)

miR-126 0.0005366 0.0003803 0.4869
(8.087e-005- 0.007025) (0.0001393- 0.003303)

miR-142-3p | 0.8902 0.6637 0.2970
(0.3214- 2.136) (0.2822- 1.843)

miR-150 3.018 345 0.0501
(1.781- 8.686) (1.666- 8.654)

miR-181a | 0.001408 0.001079 0.9814
(0.0004035- 0.002520) (0.0006507- 0.002483)

miR-191 0.06307 0.06104 0.6021
(0.03186- 0.1513) (0.03123 -0.1385)

miR-30* 0.007281 0.005842 0.9545
(0.003700- 0.01271) (0.003215- 0.01555)

89




4.3 MODULATION OF INTERFERON GAMMA RESPONSE BY MIR-29A
To determine if miR-29a has any influence on IFN-y response miR=29a differential

expression was correlated with IFN-y response for 5 different antigens. 2 Tuberculosis
specific antigens namely PPD and ESAT-6 as well as 3 different general antigens namely
PMA with lonomycin, PHA and SEB. This was performed for both LTBIs and TB patients.
Although there was an observed seemingly positive correlation it was not positive for
Tuberculosis patients for IFN-y responses induced by PPD (SR= 0.2506; p= 0.0968), ESAT-6
(SR= 0.1225; p= 0.4228), PMA/lo (SR= 0.2129; p= 0.2342), PHA (SR= 0.1338; p= 0.3983)
and SEB (SR= 0.2672; p= 0.0760) as shown in figure 40. A similar trend was observed for
LTBIs with IFN-y responses for PPD (SR= 0.3437; p= 0.1626), PMA/lo (SR= 0.2990; p=
0.2437), PHA (SR= 0.3643; p= 0.1372) and SEB (SR= 0.1001; p= 0.6927) except ESAT-6
(SR= 0.6593; p= 0.0142) which showed statistically significant positive correlation (see

figure 41).
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Figure 40 shows correlation between miR-29a and IFN-y responses induced by 5 different

antigens for Tuberculosis patients (n=45).
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Figure 41 shows correlation between miR-29a and IFN-y responses induced by 5 different

antigens for LTBIs (n=18).
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CHAPTER FIVE

5.0 DISCUSSION
Findings from this study show clearly that PPD and SEB induced IFN-y responses in

tuberculosis patients during antituberculous chemotherapy were not significantly altered but
there were significantly higher IFN-y responses in LTBIs than Tuberculosis patients for PPD
and SEB. IFN-y responses were not influenced by prior BCG vaccination, age, sex of patients
and concomitant diseases. Out of the 29 preselected immune related candidate miRNAs
screened, 7 of them were significantly altered during antituberculous chemotherapy. The
differential expressions of the candidate miRNAs however were not significantly different
between Tuberculosis patients and LTBIs. Lastly there were no correlation between miR-29a
and IFN-y responses for PPD, ESAT-6, PMA/lo, PHA and SEB restimulation of PBMCs
from Tuberculosis patients. This trend was similar for LTBIs except for ESAT-6 induced
IFN-y response which was significantly correlated with miR-29a positively.

5.1 INTERFERON-GAMMA RESPONSE OVER TREATMENT PERIOD

Control of infection in both mice and humans critically relies on M. tuberculosis specific
CD4" Th1 cell responses, which includes the production of IFN-y as shown by (Wolf et al.,
2008) and (Cooper, 2009). There was an increase in IFN-y responses a month into
antituberculous chemotherapy which decreased by end of treatment although the changes
were not significant. Chemotherapy kills bacteria. This results in more bacteria for antigen
processing and presentation by macrophages and the other antigen presenting cells. The
likely sequence of events would be increased CD4" T cell activation and an increase in IFN-y
production observed a month into chemotherapy. Immune response and chemotherapy may
act concomitantly to reduce bacterial load which may account for the decreased inflammation
typified by the slight reduction in IFN-y response between a month into chemotherapy and
end of therapy. It is tempting to speculate that there is the possibility of a Th1 (CD4" T cell)
dependent, IFN-y independent mechanism of control of M. tuberculosis complex during

93



Tuberculosis which could account for the none significant increase in M. tuberculosis
observed during treatment. This is reinforced by Cowley Elkins” work using mouse model.
They demonstrated that CD4" T cells control > 90% of intracellular M. tuberculosis growth
in vitro in the complete absence of IFN-y. They showed that M. tuberculosis control was
conferred through CD4" T cell rather than IFN-y pathway of the afore-mentioned cells
(Cowley and Elkins, 2003). Results shown are consistent with a recent study by Kleinsteuber
et al. in humans when they demonstrated a none significant IFN-y responses during
antituberculous chemotherapy in adult and children tuberculosis patients (Kleinsteuber et al.,
2013). Findings from this study, however do not agree with Jo et al.’s study findings. They
showed that most patients with active pulmonary tuberculosis have repressed IFN-y secretion
by PBMCs in response to tuberculosis specific antigen stimulation which improves
significantly after successful antituberculous therapy. In this study, they proposed an “anti-
inflammatory cytokine mediated reduced antigen presentation leading to IFN-y repression” as
a possible explanation for the initial repression of IFN-y observed, which increases
significantly after chemotherapy (Jo et al., 2003).

5.2 INTERFERON-GAMMA RESPONSE BETWEEN PATIENTS AND THEIR

CONTACTS
The pattern of response observed between patients and their exposed but healthy household

contacts (LTBIs) do support the theory that IFN-y is important for control of M. tuberculosis
infection and may determine the outcome of infection (Wolf et al., 2008, Raja, 2004). This is
supported by the fact that household contacts of the patients who were exposed to M.
tuberculosis infection did produce significantly higher IFN-y about twice as compared to the
median IFN-y production of the patients. There were no significantly different responses
observed when IFN-y produced by tuberculosis patients after treatment with LTBIs was
compared (data not shown). The results shown are consistent with an earlier study using
experimental model that suggested that IFN-v is critical for activation of macrophages which
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in turn is required for M. tuberculosis killing (Roche et al., 1995). It is also in agreement with
Jouanguy et al.’s work from 1999 which showed extreme susceptibility of people unable to
produce IFN-y to mycobacteria infection (Jouanguy et al., 1999). It is also consistent with
findings of studies showing susceptibility of mice with disruptions in IFN-y or p40 gene to M.
tuberculosis infection (Flynn et al., 1993, Cooper et al., 2002). However, the findings of our
studies are not consistent with that of (Bennekov et al., 2006) who suggested that IFN-y
levels during M. tuberculosis infection may simply be a measure of inflammatory status
rather than a protective immune response. Cowley et al. (2003) challenged the view that IFN-
v secreted by CD4" T cells is a marker for protective immunity (Cowley and Elkins, 2003). A
recent study by Kleinsteuber et al. in humans demonstrates no significant difference in IFN-y
responses between patients and LTBIs (Kleinsteuber et al., 2013). These findings also do not
agree with the results from this present study. Contrary to the opinion by Yu et al. that IFN-y
is not useful to distinguish latent from active disease (Yu et al., 2012),It is shown that
exposed but healthy household contacts of the tuberculosis patients do produce significantly
higher IFN-y when their PBMCs are stimulated with tuberculosis specific antigen PPD as
compared to the tuberculosis patients. IFN-y response to PPD antigen among exposed but
healthy house hold contacts do suggest that some exposed people in areas of endemicity
develop an immune response without any clinical disease. Zhang and Hirsch in separate
studies also did provide compelling results to show that PPD induced IFN-y production by
PBMCs from tuberculosis patients were decreased compared with findings in healthy
tuberculin reactors (Hirsch et al., 1999, Zhang et al., 1995). These studies are consistent with
our results and support the findings of our study. It is demonstrated in this study that despite
the current evidence supporting a Th1l mediated CD4 *T cell dependent, IFN-y independent

mechanism of M. tuberculosis control, IFN-y secretion is repressed in acute pulmonary
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Tuberculosis patients. Thus, reinforcing the importance of IFN-y in control of human M.
tuberculosis infection.
5.3 INTERFERON-GAMMA RESPONSE BETWEEN VACCINATED AND NON-

VACCINATED PATIENTS.
Protective immunity by BCG is documented to be dependent upon the induction of CD4™ T

cells that produce IFN-y which subsequently induce bactericiding via macrophage activation
(Hanekom, 2005, Hussey et al., 2007). In the case of Tuberculosis, (Abebe, 2012)
documents that IFN-y produced by CD4" T cells have been used as a yardstick against which
BCG or other Tuberculosis vaccine induced immunity to Tuberculosis is assessed. It was
shown in this present study that BCG vaccination does not confer better IFN-y response
among acute Pulmonary Tuberculosis patients compared with none vaccinated acute
Pulmonary Tuberculosis patients. This could be explained by the fact that prior BCG

vaccination during childhood in a Tuberculosis endemic area loses its efficacy in adults.

Though the general school of thought is that BCG induced immunity is lost in adults, some
studies do report a lack of correlation between BCG induced immune protection and IFN-y
secreted by CD4" T cells (Connor et al., 2010, Hussey et al., 2007, McShane, 2011). This
throws more light on the theory that challenges the use of IFN-y response as an indicative of
protection and supports an IFN-y independent T cell control of M. tuberculosis infection.
Cowley and Elkins (2003) examined the mechanism of BCG-induced immune protection in
IFN-y knock-out mice. They concluded from their empirical data that, CD4" T cells control
more than 90% of intracellular M. tuberculosis growth in vitro in the complete absence of
IFN-y. More so, the BCG-induced CD4" T cell control of M. tuberculosis growth was lost
upon depletion of the cells afore mentioned (Cowley and Elkins, 2003). Hoft et al. in their
study used several assays to evaluate the immune responses against BCG in vaccinated

humans. They found that mycobacterial growth inhibition did not correlate with IFN-y
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responses (Hoft et al., 2002). This was also in accordance with Mittrucker et al.’s findings in
2007 that provided strong evidence that IFN-y does not correlate directly with BCG-induced
protection (Mittrucker et al., 2007).

54 INFLUENCE OF AGE, SEX AND CONCOMITANT DISEASES ON

INTERFERON-GAMMA RESPONSE AMONG PATIENTS.
The pattern of IFN-y response, when PBMCs from patients were stimulated in vitro with PPD

was not influenced by the age of the patients and sex before chemotherapy (time point 0) and
a month into chemotherapy (time point 1). This clearly shows that the pattern of IFN-y
production in response to Tuberculosis specific antigens for the patients earlier discussed

were not affected or biased by the age of the patients.

The extent of IFN-y production depends on how much activated T cells are available. This in
principle can be influenced by either host or the bacillus. The stepwise commitment from
hematopoietic stem cells in the bone marrow to T lymphocyte-restricted progenitors in the
thymus represents an important homeostatic process that maintains and replenishes T cell
population. Age induced repression of blood cell haematopoiesis due to the shrinking of the
thymus can affect the available T cell present. The consequential result may be reduced IFN-
y production due to limited availability of T cells. Our data of T cell population among the
PBMCs isolated (data not shown) rules out the likelihood of this phenomenon affecting IFN-
y production thus evidenced by the insignificant association between age and IFN-y

production.

IFN-y production from Isolated PBMCs of tuberculosis patients did not show statistically
significant difference between males and females upon restimulation of PBMCs with PPD
and SEB patients. Silva et al in their study also showed significantly higher IFN-y response in
treated tuberculosis patients than active Tuberculosis patients (Silva et al., 2012). This lays

more emphasis on the ability of antituberculous chemotherapy to restore clinically relevant
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levels of IFN-y response other than the influence of sex. It appears that susceptibility to
tuberculosis and response to M. tuberculosis infection may have nothing to do with the sex of

the patient other than immune manipulation by the tuberculosis bacillus.

Immune response to M. tuberculosis infection is predominantly Thl response. The induction
of Th2 immune response not only represses the Th1 response but nullifies the overall effect
of Thl mediated immune response. Concomitant diseases during tuberculosis may influence
immune responses to M. tuberculosis -infection. Findings from this study show that
tuberculosis patients with concomitant infection did not have a significant variation in IFN-y
response as compared with tuberculosis patients without concomitant diseases. Although
such scientific speculation is yet to receive attention from investigators, enrolment of
tuberculosis patients with concomitant diseases as part of our study population could have
modulated Th1/Th2 paradigm shift. Our analysis however shows no such influence. This
observation could be explained by the enhanced persistent increase in antigen presentation as
a result of antituberculous chemotherapic mycobactericiding effect. This may influence T cell
polarisation during T cell activation and differentiation predominantly towards a Thl
response thus limiting the possible influence of other concomitant diseases. This may have to
be confirmed with a higher sample size.

5.5 CANDIDATE MIRNA SCREENING

Out of the panel of 29 preselected immune related candidates, 7 of them were altered during
antituberculous chemotherapy although they were not significantly differentially expressed
when compared to LTBIs (refer to figure 24 and 39). Emerging evidence suggests that
MIiRNAs play a very important role in host-pathogen interactions. Although miRNAs had
been implicated in the pathogenesis of several diseases including cancer, not much attention
had been given to miRNAs’ involvement in bacterial infection until recently (Eulalio et al.,

2012). Implication of miRNAs in the response of mammalian cells to bacterial infection was
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inferred from studies involving TLRs. In this study miR-146a among other miRNAs were
documented to be induced after stimulation of TLR4 (Taganov et al., 2006). The modulation
of these miRNAs could be due to mycobacteria immune modulatory mechanisms thus

influencing the outcome of Tuberculosis infection.

MiR-25 differential expression increased significantly after treatment. This could be
explained by the fact that alteration of miR-25 was influenced by M. tuberculosis thus
bactericiding effect of antituberculous chemotherapy during treatment significantly increased
the differential expression of this miRNA. The non-significantly observed differential
expression between patients and control suggests that although miR-25 may influence disease
outcome it may not be the only determinant of disease susceptibility in immunocompetent
individuals. A recent study using similar candidates including miR-25 did not report it as one
of the significantly altered candidates (Kleinsteuber et al., 2013). Increased plasma levels of
miR-25 have been reported in a pancreatic cancer patient (Ren et al., 2012). MiR-25 has also
been implicated in Type 1 diabetes (Nielsen et al., 2012) and breast cancer (Jonsdottir et al.,

2012). The implication of miR-25 in tuberculosis is reported for the first time in this study.

The differential expression pattern of miR-26a was similar to that of miR-25. It increased
significantly after anti-tuberculous chemotherapy. This places emphasis on the possible
pathogen induction of miRNA modulation in host immune cells. There were no differences in
expression between patients and LTBIs. This could be explained by heterogeneity of host
susceptible factors not limited to this miRNA. Kleinsteuber however reports contrary results
in their study where they show high levels of miR-26a in LTBIs than TB patients. Contrary to
this finding is that shown by a study in China (Qi et al., 2012) which demonstrates higher
differential expression of miR-26a in Tuberculosis patients than healthy tuberculin reactors.
MiR-26a has also been implicated in cancer (Zhang et al., 2013, Zhang et al., 2011, Schetter

etal., 2010).
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MiR-29a increased a month into chemotherapy but its differential expression decreased
thereafter. The decrease was not below the median differential expression before anti-
tuberculous chemotherapy. The median expression during treatment differed significantly for
all time points examined. A study finding consistent with this study reports miR-29a to be
induced upon mycobacteria infection in humans (Sharbati et al., 2011). Fu et al. reports
upregulated levels of miR-29a in serum and sputum of tuberculosis patients and proposes
miR-29a as a potential biomarker for tuberculosis (Fu et al., 2011). Further, it is tempting to
speculate that miR-29a repression and uncontrolled up regulation may be induced by M.
tuberculosis infection leading to immune evasion thus persistence of M. tuberculosis in
infected cells. In this study miR-29a was slightly higher in tuberculosis patients than LTBIs
although this was not significant. Another study reports higher differential expression in
LTBIs than tuberculosis patients (Kleinsteuber et al., 2013). This could be explained by
difference in ethnic background and decreased start levels of miR-29a in the low incidence
country where study was conducted. In addition to the above mentioned, the later study was
done in a low incidence country with a lower baseline levels of miR-29a than reported for
this study. Ma et al. on the other hand shows repression in miR-29a expression upon infection
of mice T cells with M. bovis (Ma et al., 2011a). These results are consistent with the findings

of this study.

The increase in differential expression of miR-99b was highly significant after anti-
tuberculous chemotherapy. This unfolds a novel immune evasive mechanism by M.
tuberculosis by modulating miR-99b. It has been reported by Singh et al. that up regulation of
miR-99b in infected dendritic cells represses pro inflammatory cytokine production thus
leading to persistence of M. tuberculosis in infected APCs (Singh et al., 2013b). Although the
findings of this study proposes potential immune evasion via increase in expression of miR-

99b in infected dendritic cells, findings from this study infers a potential immune evasive
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mechanism in CD4" T cells via miR-99 repression. This is important as the same miRNA
may play different roles in different immune cells. This could be possible especially due to
their pleiotropic nature. Although miR-99b was screened in a recent study, no significant
difference of differential expression between patients and exposed but healthy controls were
reported (Kleinsteuber et al., 2013). Their findings are consistent with that from this study as
we report no significant variation in differential expression of miR-99b between patients and
LTBIs (refer to figure 39). MiR-99b has also been implicated in breast cancer (Turcatel et al.,

2012).

Differential expression of miR-101 was repressed before treatment but increased significantly
after treatment. This places emphasis on miR-101 as one of the afore mentioned miRNAS in
CD4" T cells used by M. tuberculosis to modulate host immune response during M.
tuberculosis infection. miR-101 was reported to be upregulated in sera of Tuberculosis
patients as compared to healthy controls (Fu et al., 2011). Differential expression of miR-101
was slightly higher in Tuberculosis patients than in LTBIs although the difference was not
statistically significant; the pattern is similar to that reported by Fu et al. in their study. MiR-
101 has also been reported to be involved in the pathogenesis of human breast cancer (Wang

etal., 2012).

Differential expression of miR-146a increased significantly by the end of antituberculous
chemotherapy. Although the differential expression of the above mentioned miRNA was
lower in Tuberculosis patients than LTBI. This was however not statistically significant. It
appears that M. tuberculosis may induce the down regulation of miR-146a as part of a
complex immune modulatory system to persist in host. This could explain the significant
increase in differential expression after mycobactericiding effect of anti-tuberculous
chemotherapy. Contrary to this finding, another study reports high differential expression of

miR-146a in Tuberculosis patients. They postulated that it was induced by M. avium infection
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(Sharbati et al., 2011). This difference in expression pattern may be due to a number of
reasons including host genetics and ethnic background, mycobacterium species causing
infection and source of mMiRNA investigated among others. MiR-146a has been implicated in
other bacterial infections including Helicobacter pylori infection (Xiao et al., 2009, Liu et al.,
2010), Salmonella enterica infection (Schulte et al., 2011, Sharbati et al., 2011) and Listeria
monocytogenes infection (Schnitger et al., 2011). It has also been implicated in gastric cancer

(Kogo et al., 2011) and autoimmunity (Chan et al., 2013, Boldin et al., 2011).

It is reported for the first time in Ghana in this study that miR-223 is implicated in M.
tuberculosis infection. Induction of M. tuberculosis infection appears to up regulate
differential expression of miR-223 in Tuberculosis patients than LTBIs although the
difference reported is not significant. Tuberculosis patients after a month of anti-tuberculous
chemotherapy show a steady increase in differential expression of miR-223. However, this
dropped from a month into chemotherapy till end of treatment, suggesting a possible
repressive effect of antituberculous chemotherapy and subsequent reduced bacteraemia on
miR-223. In Kleinsteuber et al.’s study they examined miR-223 among other candidates but
reported no significant difference between tuberculosis patients and controls although it was
highly expressed in LTBIs than tuberculosis patients (Kleinsteuber et al., 2013). These
findings are contrary to that from the present study and may be explained by population
where samples were pooled from. Whereas our study was conducted in a Tuberculosis
endemic region, Kleinsteuber et al’s work was done in a low incidence region. Other than
that environmental, genetic and ethnic differences could have greatly influenced observed
differences. A recent study shows that miR-223 is associated with M. tuberculosis infection.
In the study miR-223 was upregulated in blood and lung parenchyma of tuberculosis patients
and during murine tuberculosis. Deletion of miR-223 rendered tuberculosis-resistant mice

highly susceptible to acute lung infection. They identified leukocyte chemotaxis via direct
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regulation of CXCL2, CCL3, and IL-6 in myeloid cells as the mechanism by which it exerts
its biological function during tuberculosis (Dorhoi et al., 2013). The median differential
expression of miR-223 was higher in tuberculosis patients than LTBIs although not
statistically significant in this study. In addition to this, median differential expression of
miR-223 was higher after anti-tuberculous chemotherapy than before. These are all consistent
with Dorhoi et al.’s study findings. Although Dorhoi et al.’s study focuses on myeloid cells
and its regulation by miR-223 this study reports a possible regulation via antimycobacterial
CD4" T cell responses. It is tempting therefore to speculate that repression of miR-223
differential expression may be a mechanism by which M. tuberculosis evade CD4" T cell
responses thus up regulation of this miRNA may be involved in appropriate host

mycobactericidal CD4" T cell responses to M. tuberculosis infection.

A careful look at individual patients reveals varied differential expression patterns for
significantly altered candidate miRNAs. This may infer that it might not be possible to
consider such candidates as markers for disease prognosis. It also shows that for
immunocompetent individuals, changes in miRNA differential expression during the same
antituberculous chemotherapy may differ. Possible explanations to these observations still

remain the subject of on-going investigations.

In an attempt to characterise the effect of miR-29a differential expression, this current study
sought to elucidate the association between differential expression of miR-29a and an
empirically documented target, IFN-y. IFN-y production by PBMCs was induced using two
TB specific antigens PPD and ESAT-6 in addition to three general antigens PMA/lo, PHA
and SEB. The differential expression of the said miRNA was correlated with the IFN-y
response. Although not statistically significant, a tendency towards positive correlation was
reported. The findings shown in this work is consistent with Kleinsteuber et al.’s study

where they showed a likely positive but insignificant correlation between miR-29a and IFN-y
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(Kleinsteuber et al., 2013). This intensifies the discussion on miR-29a being a none redundant
repressor of IFN-y because these results findings are contrary to the pioneering work by (Ma
et al., 2011b) and (Steiner et al., 2011). The current findings rather show a tendency to up
regulate IFN-y response during tuberculosis and other infections rather than repress it. This
may be due to the difference in regulation of IFN-y by miR-29a in animal models and
humans. A similar trend was observed for LTBIs in this current study (Figure 41). This
particularly reinforces the debate against negative regulation of IFN-y by miR-29a.Thus one

may speculate several inferences from data shown.

Firstly, miR-29a may not be a none redundant repressor of IFN-y as suggested by empirical
data from this study. Secondly miR-29a may not be the only miRNA regulating IFN-y
response in T cell thus masking the effect by miR-29a. Lastly, miR-29a may be using other
mechanisms other than IFN-y to modulate CD4" T cell response to M. tuberculosis infection.
5.6 LIMITATIONS OF THE STUDY

This work however had some limitations notwithstanding. An independent confirmation via
culture was not carried out before recruitment. This was not possible because patients had to
start treatment immediately and it took time to get results from bacterial culture. Clinicians at
the hospitals however concluded their diagnosis based on laboratory test (microscopy, culture
or and PCR), clinical symptoms and radiographic results. Also there were defaulters for 2™
and 3" time points. Prominent among reasons given included poor health, recovery and lack
of interest. This did not affect our results as we used the appropriate statistical test to adjust
for missing time point data. There could have been more samples included in this study. This
was due to high cost of experiment and limited funds. It goes without saying that the sample

size used was higher than most studies involving miRNAs.
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CHAPTER SIX
6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS
IFN-y mediated Thl response is critical for control of M. tuberculosis infection. However

there exists the possibility of a Th1l mediated (CD4" T cell dependent) IFN-y independent
mechanism of M. tuberculosis control. IFN-y repression may be a likely immune evasive
mechanism employed by M. tuberculosis to overwhelm the host immunity. Gender and age
of the patients, concomitant diseases as well as prior BCG vaccination did not influence IFN-
y expression in tuberculosis patients. The current study is considered as an initial step to
characterize the role of microRNAs in tuberculosis. Consistent pattern of significantly altered
differential expression of miR-25, miR-26a, miR-29a, miR-99b, miR-101, miR-146a and
miR-223 suggests a role of these candidates in CD4" T cell immunity during tuberculosis
disease and recovery. These candidates may represent future candidates for immunotherapies
and vaccines against M. tuberculosis infections. Although miR-29a may be involved with
CD4" T cell response to M. tuberculosis infection there is no evidence to support
interdependency of IFN-y production in tuberculosis patients and LTBIs.

6.2 RECOMMENDATIONS

Further work needs to be carried out to investigate the effect of IFN-y receptor anergy on the
ability of tuberculosis patients to respond to tuberculosis specific antigens in vitro. The likely
counteractive role of anti-inflammatory cytokines like IL-10 among others on the capacity of
IFN-y to suppress mtb infection in acute pulmonary tuberculosis patients undergoing
chemotherapy should be examined to give a good immunological profile of the patients. Such
a study should compare multiple Thl and Th2 in a cohort of acute tuberculosis patients
before and during anti-tuberculous treatment. Further studies will have to be performed to
elucidate the processes targeted by candidate miRNAs and to reveal if miRNAs are possible
targets for disease intervention strategies and new targets for vaccine developments in
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tuberculosis. Lastly on-going work would look at other possible targets for successfull
candidates with significantly altered differential expression and varying expression in CD4* T
cell sub population.

6.3 NOVELTY AND LESSONS LEARNT

It has been shown for the first time to the best of my knowledge in this study that the 7 afore
mentioned mIRNA candidates are significantly altered during acute pulmonary tuberculosis
and may be implicated in the immunopathogenesis of tuberculosis. Whereas there has been a
growing opinion vouching for IFN-y as an empirically determined candidate for miR-29a,
data from this study does not support this. In agreement with another concomitant study
(previously described in the discussion), a strong case is being put forward against the none
redundant modulation of IFN-y by miR-29a. Although, others have done studies on miRNAs
in tuberculosis, no one has carefully used qRT-PCR system to examine the dysregulation of
the candidate miRNAs in a cohort study. Studies have been limited to a case control study
using serum or sputum as opposed to my work with CD4" T cells, an important immune cell
that is central to the outcome of infection. Also presented in this study is a merging view of
the pivotal role of IFN-y that merges the extreme opinions about the role of this cytokine
during active tuberculosis. Whereas empirical data that shows no significant changes in this
cytokine during anti-tuberculous chemotherapy is presented, yet | show a significant
difference in IFN-y expression in patients as compared to LTBIs. This presents an
immunological elucidation of a somewhat enigmatic immunopathogenesis of this disease. It
is being postulated empirically that, not only does IFN-y play central role in the outcome of
infection from latency to reactivation but present a possible IFN-y independent, yet CD4" T
cell dependent pathway which are not mutually exclusive to clearing infection by host. This
seemingly contrasting data, although revealing, provides the basis for a paradigm shift in our

understanding of host immune response to M. tuberculosis infection.
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The investigator has learnt the dynamics underlying cell mediated immune response to
intracellular bacteria like M. tuberculosis and its modulation using immunological tools and
technology available to us in molecular immunology. Some of these included flow cytometry,
ELISA, Imag system, singleplex and multiplex RT-PCR systems just to mention a few. In
addition to this, | have also learnt transferable skills in research that includes study design,
project management, good laboratory practice, biostatistics, scientific writing and publication
among others.

6.4 CONTRIBUTION TO KNOWLEDGE

Whereas it is accepted that immune modulatory molecules (be it of host or pathogen origin)
may be employed by pathogen in host pathogen interaction, in an immune evasive
mechanism to oust host’s defence and pathogen containment, empirical evidence has been
provided to suggest in this study that not only are miRNAs significantly altered during
disease state but may be employed by M. tuberculosis in this case to evade or and repress

host immunity as part of a myriad of mechanisms employed to overwhelm host immunity.

Although it still remains uncertain which miRNA dysregulation or combination of altered
miRNAs may be responsible (if so) for the significantly repressed IFN-y responses for
tuberculosis patients, it has been empirically shown that, miR-29a does not regulate IFN-y

production in the study subjects used in this study.

Lastly, a strong basis for understanding contrasting opinions about the candid role of IFN-y

during acute pulmonary tuberculosis has been provided.

These information provided and proven in this thesis will significantly add to the existing

understanding of the immunopathogenesis of tuberculosis.
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APPENDICES

APPENDIX A

PATIENT DEMOGRAPHICS AND LABORATORY CODING

Table 13 PATIENT DEMOGRAPHICS AND LABORATORY CODING

PATIENT | AGE SEX BCG CLASSIFICATION | DIAGNOSIS | CONCOMITANT THERAPY | TPO TP1 TP6
SCAR DISEASE

001 TBOO1

002 24 M Y NEW CASE PTB NONE HRZE TB002 TBO10 TBO67

003 30 F Y NEW CASE PTB NONE HRZE TBOO3 TBO09 TBO88

004 TB004

005 41 M Y NEW CASE PTB NONE HRZE TBOO5 TBO11 TBO81

006 27 M Y NEW CASE PTB NONE HRZE TBO06 TBO12 TB107

007 33 F Y NEW CASE PTB NONE HRZE TBOO7 TBO16

008 30 F Y NEW CASE PTB NONE HRZE TBOO08 TBO19

009 26 F Y NEW CASE PTB NONE HRZE TB014 TB020 TBO68

010 40 M Y NEW CASE PTB NONE HRZE TBO13

011 40 F Y NEW CASE PTB NONE HRZE TBO15 TB025 TBO70

012 31 M Y NEW CASE PTB NONE HRZE TBO17 TB026 TBO77

013 32 M N NEW CASE PTB NONE HRZE TB021 TB029 TBO79

014 44 M N NEW CASE PTB NONE HRZE TB022

015 35 F N NEW CASE PTB NONE HRZE TB023 TBO33 TBO78

016 32 M Y NEW CASE PTB NONE HRZE TB024 TB034 TBO86

017 28 F N NEW CASE PTB NONE HRZE TB027 TBO39 TB091

018 46 M N NEW CASE PTB NONE HRZE TB028 TB0O40 TBO87

019 57 F N NEW CASE PTB NONE HRZE TBO30 TB042 TBO89
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020 39 M N NEW CASE PTB NONE HRZE TBO31 TB043 TBO93
021 60 M N NEW CASE PTB NONE HRZE TB032

022 38 M Y NEW CASE PTB NONE HRZE TBO35 TBO45 TB092
023 32 F Y NEW CASE PTB NONE HRZE TBO36 TB0O46 TB106
024 50 M Y NEW CASE PTB NONE HRZE TBO37 TBO64 TB102
025 54 F Y NEW CASE PTB NONE HRZE TBO38

026 19 M Y NEW CASE PTB NONE HRZE TB0O41 TBO66 TB114
027 28 M N NEW CASE PTB HYPERTENSION HRZE TB044 TBO59 TB101
028 44 M Y NEW CASE PTB HYPERTENSION HRZE TB0O47 TBO63 TB105
029 29 M Y NEW CASE PTB NONE HRZE TB048 TBO85 TB130
030 18 F Y NEW CASE PTB NONE HRZE TB049 TBO60 TB125
031 42 M Y NEW CASE PTB NONE HRZE TBO50 TBO61 TB099
032 48 F N NEW CASE PTB NONE HRZE TBO51 TB062 TB104
033 26 M Y NEW CASE PTB NONE HRZE TB052 TBO71 TB109
034 33 M NEW CASE PTB NONE HRZE TBO53

035 45 M Y NEW CASE PTB NONE HRZE TBO54 TBO65 TB111
036 71 M NEW CASE PTB HYPERTENSION HRZE TBO55 TB069

037 61 M N NEW CASE PTB NONE HRZE TBO56 TBO72 TB143
038 28 M Y NEW CASE PTB NONE HRZE TBO57 TBO74 TB113
039 32 F NEW CASE PTB NONE HRZE TBO58 TBO73 TB112
040 TBO75

041 33 M TBO76

042 28 M N NEW CASE PTB NONE HRZE TBO8O TBO90 TB144
043 60 M N NEW CASE PTB NONE HRZE TB082 TB097 TB138
044 27 M N NEW CASE PTB NONE HRZE TBO83 TBO98

045 59 F N NEW CASE PTB HYPERTENSION HRZE TB084 TB108 TB142
046 41 M N NEW CASE PTB NONE HRZE TB094 TB100 TB141
047 28 F N NEW CASE PTB DYSMENORRHOEA | HRZE TBO95 TB103

048 32 F N NEW CASE PTB HIV HRZE TB096 TB110 TB145
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049 44 M N NEW CASE PTB NONE HRZE TB115 TB122

050 50 M N NEW CASE PTB NONE HRZE TB116 TB123 TB146
051 29 M N NEW CASE PTB NONE HRZE TB117 TB135 TB148
052 43 M N NEW CASE PTB SCROTAL HERNIA | HRZE TB118 TB124 TB147
053 38 M N NEW CASE PTB NONE HRZE TB119 TB127 TB152
054 41 M N NEW CASE PTB NONE HRZE TB120 TB128 TB149
055 26 M Y NEW CASE PTB NONE HRZE TB121 TB129 TB150
056 20 M Y NEW CASE PTB NONE HRZE TB126 TB136 TB151
057 55 M Y NEW CASE PTB NONE HRZE TB131

058 27 M Y NEW CASE PTB NONE HRZE TB132 TB137 TB153
059 30 F N NEW CASE PTB NONE HRZE TB133 TB139 TB155
060 27 M N NEW CASE PTB NONE HRZE TB134 TB140 TB154
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APPENDIX B

CELL COUNTS OF PATIENTS AT VARIOUS TIME POINTS

Table 14 CELL COUNTS OF PATIENTS AT VARIOUS TIME POINTS

PATIENTS | PMBCs CD4+ T CELLS
Time point 0 | Time point 1 | Time point 2 | Time point 0 | Time point 1 | Time point 6
KNUST042 | 2.84x10’ 8.2x10’ 6.48x10’ 1.8x10° 6x10° 6x10°
KNUST043 | 3.36x10’ 4.16x10’ 3.2x10’ 2.4x10° 4.2x10° 5.8x10°
KNUST044 | 6.96x10’ 4x10’ 5x10° 1.6x10°
KNUST045 | 1.96x10’ 2.16x10’ 4.6x10’ 1.4x10° 1.6x10° 2.6x10°
KNUST046 | 3.52x10’ 7.32x10’ 2.8x10’ 2.4x10° 2x10° 2.0x10°
KNUST047 | 6.44x10’ 2.8x10’ 8x10° 4x10°
KNUST0481 | 2.48x10’ 4.8x10° 6x10° 4x10°
KNUST049 | 5.32x10’ 7.28x10’ 1x10° 1.2x10°
KNUSTO050 | 7.2x10’ 9.72x10’ 1x10° 6x10°
KNUSTO51 | 3.4x10’ N/A 4x10° N/A
KNUST052 | 4.24x10’ 3.68x10’ 4x10° 8x10°
KATHO53 4.96x10’ 4.24x10’ 5.2x10° 3x10°
KATHO54 4.08x10’ 5.04x10’ 2.8x10° 2.6x10°
KNUSTO055 | 2.64x10’ 5.2x10’ 1.2x10° 1.4x10°
KNUST056 | 2.6x10’ 5.24x10’ 3x10° 1.8x10°
KNUSTO57 | 3.48x10’ 1.6x10°
KNUST058 | 7.24x10’ 4.12x10’ 6x10° 2.4x10°
KNUST059 | 2.56x10’ 6.68x10’ 1.6x10° 1.4x10°
KNUST060 | 3.36x10’ 3.96x10’ 1.4x10° 2.2x10°
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APPENDIX C

PATIENT INTERFERON-GAMMA RESPONSE FOR FIRST TIME POINT

Table 15 PATIENT INTERFERON-GAMMA RESPONSES FOR FIRST TIME POINT

TPO

UNST

PPD

ESAT6

P/l

PHA

SEB

PPD

ESAT6

P/l

PHA

SEB

TBOO1

TB002

TB0OO3

TB0O04

TBOO5

TBOO6

TBOO7

TBOO8

TB0O14

TB013

TBO15

TBO17

TB021

TB022

TB023

TB024

TB027

TB028

TB0O30

TBO31

TBO32
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TBO35

TB036

TBO37

TBO38

TB041

TB044

TB047

TBO48

TB049

TBO50

TBO51

TBO52

TBO53

TBO54

TBO55

TBO56

TBO57

TBO58

TBO75

TBO76

TBO8O

0

1073.864

1953.396

65176.72

46717.63

87534.56

1073.864

1953.396

65176.72

46717.63

87534.56

TB082

2202.805

2518.345

2486.54

50551.02

26847.89

47872.7

315.54

283.735

48348.22

24645.09

45669.9

TBO83

3287

3729.246

-549.042

65740

64785.37

94729.49

442.2455

-3836.04

62453

61498.37

91442.49

TB084

3966.959

3905.348

4092.308

87901.1

72880.57

88304.77

-61.6115

125.3485

83934.14

68913.61

84337.81

TB094

0

1212.146

783.5065

41932.4

19166.59

73840.8

1212.146

783.5065

41932.4

19166.59

73840.8

TB095

0

1017.678

-38.0618

4083.595

17280.34

21148.97

1017.678

-38.0618

4083.595

17280.34

21148.97

TB096

0

274.6829

-83.2561

30910.94

-1628.97

-652.769

274.6829

-83.2561

30910.94

-1628.97

-652.769

TB115

7.120415

2820.286

211.9831

67599.25

75117.92

54631.65

2813.166

204.8627

67592.13

75110.8

54624.53

TB116

9.2324

91.59985

5.00843

98603.21

73132.65

108022.7

82.36745

-4.22397

98593.98

73123.42

108013.5
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TB117 21.90432 | 165.5194 | 7.120415 | 944.9631 | 24514.73 | 17333.98 143.6151 | -14.7839 | 923.0588 | 24492.83 | 17312.08
TB118 0 | 2667.741 | 585.7835 | 19339.16 | 59859.65 | 65245.8 2667.741 | 585.7835 | 19339.16 | 59859.65 | 65245.8
TB119 0 4581.9 | 3807.121 | 10597.01 | 23772.38 | 74568.01 4581.9 | 3807.121 | 10597.01 | 23772.38 | 74568.01
TB120 0 4064 | 1406.137 | 21286.46 | 11798.54 | 84677.41 4064 | 1406.137 | 21286.46 | 11798.54 | 84677.41
TB121 0 | 3301.651 | 3668.324 | 33260.31 | 34337.54 | 82854.41 3301.651 | 3668.324 | 33260.31 | 34337.54 | 82854.41
TB126 25.50663 | 3523.962 | -35.8698 | -1197.73 | 50358.44 138100 3498.455 | -61.3764 | -1223.24 | 50332.93 | 138074.5
TB131 0| 6675.57 | 1513.924 | 117796.7 | 55382.5 | 117203.7 6675.57 | 1513.924 | 117796.7 | 55382.5 | 117203.7
TB132 3391.785 | 6295.305 | 4441.905 | 115469.1 | 82216.14 | 122787.8 2903.521 | 1050.121 | 112077.3 | 78824.36 119396
TB133 0 | 6003.245 | 95.64405 | 121799.5 | 25628.29 | 98227.39 6003.245 | 95.64405 | 121799.5 | 25628.29 | 98227.39
TB134 0 | 2509.684 | 3903.255 | 96552.14 | 95262.34 | 7842.968 2509.684 | 3903.255 | 96552.14 | 95262.34 | 7842.968
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APPENDIX D

PATIENT INTERFERON-GAMMA RESPONSES FOR SECOND TIME POINT

Table 16 PATIENT INTERFERON-GAMMA RESPONSES FOR SECOND TIME POINT

TP1

UNST

PPD

ESAT6

P/I

PHA

SEB

PPD

ESAT6

P/l

PHA

SEB

TBO10

TB0O09

TBO11

TB012

TBO16

TBO19

TB020

TB025

TB026

TB029

TB033

TBO34

TBO39

TB040

TB0O42

TB043

TB045

TB0O46
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TBO64

TB066
TBO59
TB063
TBO85 0| 4963.89 | -93.3086 | 2980.43 | 48590.42 | 86613.17 4963.89 | -93.3086 | 2980.43 | 48590.42 | 86613.17
TB0O60
TBO61
TB062
TB071
TBO65
TBO69
TB072
TB074
TBO73
TB09S0O 0 | 455.8757 | 196.8789 | 596.5199 | 14919.04 | 59932.67 455.8757 | 196.8789 | 596.5199 | 14919.04 | 59932.67
TBO97 0| 1634.128 | 1357.539 | 108211.3 | 51628.02 | 84240.23 1634.128 | 1357.539 | 108211.3 | 51628.02 | 84240.23
TBO98 0| 1519.434 | -86.8605 | 20739.65 | 15676.03 | 20598.99 1519.434 | -86.8605 | 20739.65 | 15676.03 | 20598.99
TB108 58.5215 | 114.2838 | 8.787575 | 17251.07 | 8540.095 | 39510.77 55.7623 | -49.7339 | 17192.55 | 8481.574 | 39452.25
TB100 0| 205.7044 | 4.566038 | 41191.06 | 44229.24 | 35789.87 205.7044 | 4.566038 | 41191.06 | 44229.24 | 35789.87
TB103 0| -103.503 | -97.1094 | -2197.94 | 257.2917 | 5218.909 -103.503 | -97.1094 | -2197.94 | 257.2917 | 5218.909
TB110 0 833.2 -129.32 | -216.383 | 11198.43 | 347.9089 833.2 -129.32 | -216.383 | 11198.43 | 347.9089
TB122 0| 577.6295 | -75.1293 -1121.1 | 34399.15 | 58305.37 577.6295 | -75.1293 -1121.1 | 34399.15 | 58305.37
TB123 0| -0.95212 | -111.158 -612.46 | 49616.05 | 111755.3 -0.95212 | -111.158 | -612.46 | 49616.05 | 111755.3
TB135
TB124 0| 125794 | 85.9411 | -1841.68 | 63179.86 | 114934.3 125794 | 85.9411 | -1841.68 | 63179.86 | 114934.3
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TB127 0| 7672.935 | 7068.515 | 145829.6 | 62285.5 | 133794.9 7672.935 | 7068.515 | 145829.6 | 62285.5 | 133794.9
TB128 0| 1714.711 | 911.5055 | 46436.3 | 41762.14 | 64703.17 1714.711 | 911.5055 | 46436.3 | 41762.14 | 64703.17
TB129 0| 6732.725 | 5319.73 | 339.3224 | 61103.52 | 128744.7 6732.725 | 5319.73 | 339.3224 | 61103.52 | 128744.7
TB136 30.72379 | 844.4305 | 71.7824 | 22562.16 | 5802.789 | 28944.91 813.7067 | 41.05861 | 22531.44 | 5772.065 | 28914.19

0 0 0 0 0
TB137 83.5598 | 18877.04 | 73.79185 | 191754.9 | 64185.88 | 459200.6 18793.48 | -9.76795 | 191671.3 | 64102.32 459117
TB139 69.79825 | 17546.82 | 37.11058 | 435706.5 | 456626.6 | 455319.1 17477.02 | -32.6877 | 435636.7 | 456556.8 | 455249.3
TB140 34.72017 | 3443.725 | 1441.301 | 345697.3 | 303.687 | 307407.1 3409.005 | 1406.581 | 345662.6 | 268.9668 | 307372.4
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APPENDIX E

PATIENT INTERFERON-GAMMA RESPONSES FOR THIRD TIME POINT

Table 17 PATIENT INTERFERON-GAMMA RESPONSES FOR THIRD TIME POINT

TP2 UNST PPD ESAT6 P/I PHA SEB PPD ESAT6 P/l PHA SEB
TBO67

TBO88 0| 896.206 | 469.2435 | 44349.64 | 32896.66 | 69275.03 896.206 | 469.2435 | 44349.64 | 32896.66 | 69275.03
TBO81 0| 3417.743 | 3976.689 | 77427.33 | 66211.46 | 82453.23 3417.743 | 3976.689 | 77427.33 | 66211.46 | 82453.23
TB107 0| 617.6515 | -53.7566 | -1060.06 | 3295.425 | 47016.08 617.6515 | -53.7566 | -1060.06 | 3295.425 | 47016.08
TBO68

TBO70

TBO77 0| 1981.113 -23.703 | 68077.69 | 57748.73 | 84023.82 1981.113 -23.703 | 68077.69 | 57748.73 | 84023.82
TBO79

TBO78 14.17597 | 804.0915 | 1834.216 | 83561.88 | 63864.8 | 73953.55 789.9155 | 1820.04 | 83547.7 | 63850.62 | 73939.37
TBO86 0| 6563.56 -117.83 | 34541.05 | 54590.98 | 72390.7 6563.56 -117.83 | 34541.05 | 54590.98 | 72390.7
TB091 0 | 2555.045 | -143.702 | 46387.14 | 36389.87 | 66019.09 2555.045 | -143.702 | 46387.14 | 36389.87 | 66019.09
TBO87 0| 1825.138 -117.83 | 32665.87 | 13712.19 | 61168.51 1825.138 -117.83 | 32665.87 | 13712.19 | 61168.51
TB089 0| 56.0711 | 666.299 | 63134.57 | 31589.13 | 81718.13 56.0711 | 666.299 | 63134.57 | 31589.13 | 81718.13
TB093 0| 1212.146 | 783.5065 | 41932.4 | 19166.59 | 73840.8 1212.146 | 783.5065 | 41932.4 | 19166.59 | 73840.8
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TB092 0| 1473.733 | -132.047 | 18389.6 | 23828.53 | 73063.8 1473.733 | -132.047 | 18389.6 | 23828.53 | 73063.8
TB106 0| 3452.486 | 2771.282 | -1029.92 | 3702.34 | 54913.22 3452.486 | 2771.282 | -1029.92 | 3702.34 | 54913.22
TB102 0| 1239.203 | 888.8205 | -1865.46 | 16983.57 | 42661.22 1239.203 | 888.8205 | -1865.46 | 16983.57 | 42661.22
TB114

TB101 0| 833.031| 537.653 | -1062.06 | 23890.35 | 33061.13 833.031 | 537.653 | -1062.06 | 23890.35 | 33061.13
TB105 0 | 69.13035 | -95.8307 -944.75 | 1868.539 | 4860.855 69.13035 | -95.8307 -944.75 | 1868.539 | 4860.855
TB130 0 7640.7 | 1811.418 | 103976.9 | 79692.75 | 144056.6 7640.7 | 1811.418 | 103976.9 | 79692.75 | 144056.6
TB125 58.9024 | 37.11058 | -6.47301 | 1613.884 | 1395.965 960.13 -21.7918 | -65.3754 | 1554.982 | 1337.063 | 901.2276
TB099 0| -29.1915 | -130.464 | 30135.49 | 10162.3 | 44594.94 -29.1915 | -130.464 | 30135.49 | 10162.3 | 44594.94
TB104 321.0474 | 3115.154 | 947.6435 | -1942.19 | 7955.472 | 31970.72 2794.107 | 626.5961 | -2263.24 | 7634.425 | 31649.67
TB109 49.47898 | 3989.763 | 28.37974 | 10047.18 | 3476.276 | 3054.291 3940.284 | -21.0992 | 9997.701 | 3426.797 | 3004.812
TB111 0| 2396.288 | -213.964 | -2941.11 | -700.061 | 63822.66 2396.288 | -213.964 | -2941.11 | -700.061 | 63822.66
TB143

TB113 0| 1506.32 1043.6 | 56680.34 | 53746.03 | 56341.77 1506.32 1043.6 | 56680.34 | 53746.03 | 56341.77
TB112 427.7161 | 2453.524 | -26.9418 | 13471.72 | 31367.83 | 67418.01 2025.807 | -454.658 13044 | 30940.11 | 66990.29
TB144

TB138 30.72379 | 1193.429 | 43.78789 | 87136.15 | 28459.67 | 61530.51 1162.705 | 13.0641 | 87105.43 | 28428.95 | 61499.79
TB142

TB141 -66.1801 | 3078.425 | 1270.277 | 72941.47 | -1480.83 | 58816.96 3144.605 | 1336.457 | 73007.65 | -1414.65 | 58883.14
TB145 0| 1204.204 | -34.8046 | 8618.757 | 7370.835 | 19270.67 1204.204 | -34.8046 | 8618.757 | 7370.835 | 19270.67
TB146 0| -34.8046 | -32.5762 | -696.092 | -740.661 | -696.092 -34.8046 | -32.5762 | -696.092 | -740.661 | -696.092
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TB148 43.78789 | 109.1084 | 40.05529 | 838.4317 | 1211.692 | 1137.04 65.32051 -3.7326 | 794.6438 | 1167.904 | 1093.252
TB147 0| -14.7487 | -32.5762 | -740.661 | -651.523 | -606.955 -14.7487 | -32.5762 | -740.661 | -651.523 | -606.955
TB152 64.4094 | 24199.61 | 15450.19 | 225251.3 | 22638.98 345212 24135.2 | 15385.78 | 225186.9 | 22574.57 | 345147.6
TB149 34.72017 | 15790.38 | 2164.127 | 211876.8 | 108.3282 | 297248.4 15755.66 | 2129.407 | 211842.1 | 73.60803 | 297213.7
TB150 14.8844 | 58.90665 | 9.38161 | 16695.97 | 48722.16 | 6460.802 44.02225 | -5.50279 | 16681.09 | 48707.28 | 6445.918
TB151 31.39275 | 15978.45 | 6200.01 | 279178.6 -252.59 | 244621.1 15947.06 | 6168.617 | 279147.2 | -283.983 | 244589.7
TB153
TB155
TB154
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APPENDIX F

LTBIS INTERFERON-GAMMA RESPONSES

Table 18 LTBIs INTERFERON-GAMMA RESPONSES

SAMPL | UNST PPD ESAT6 P/I PHA SEB SAMPL | PPD ESAT6 P/l PHA SEB
E E
C73 0 2844.76 | -84.6478 | 62184.9 | 27366.8 | 60962.9 C73 2844.76 | -84.6478 | 62184.9 | 27366.8 | 60962.9
5 7 2 9 5 7 2 9
C74 0 -139.051 | -154.954 | 44608.5 | 42850.8 | 49730.7 C74 -139.051 | -154.954 | 44608.5 | 42850.8 | 49730.7
5 9 5 9
C75 2824.67 | 2733.44 | 2950.22 | 57230.0 | 30697.9 | 57581.6 C75 -91.2305 | 125.546 | 54405.4 | 27873.2 | 54756.9
7 7 4 8 7 1 5 9 3
C76 0 2802.86 | -275.317 | 79552.8 | 39166.3 | 90657.7 C76 2802.86 | -275.317 | 79552.8 | 39166.3 | 90657.7
8 6 1 1 8 6 1 1
C77 4601.07 | 4757.90 | 4686.79 | 92878.6 | 30029.1 | 102074. C77 156.831 | 85.7215 | 88277.6 | 25428.1 | 97473.2
3 5 5 8 7 3 5 1 3
C78 0 403.637 | -593.851 | 70922.2 | 33243.7 | 81091.9 C78 403.637 | -593.851 | 70922.2 | 33243.7 | 81091.9
4 6 3 6 4 6 3 6
C79 0 4174.10 | 185.266 | 62172.8 | 70054.9 | 90004.4 C79 4174.10 | 185.266 | 62172.8 | 70054.9 | 90004.4
3 8 5 2 1 3 8 5 2 1
Cc8o 59.9186 | 4542.71 | 362.666 | 70841 44517.8 | 89282.0 C80 4482.79 | 302.747 | 70781.0 | 44457.9 | 89222.1
1 5 7 6 2 9 8 5 4
cs1 17.4276 | 50.3581 | 34.4240 | 77830.7 | 66443.1 | 65593.3 C81 32.9304 | 16.9963 | 77813.3 | 66425.7 | 65575.9
8 5 5 6 8 7 7 7 3 5 4
C82 0 69.1786 | -72.0914 | 424829 | 22384.7 | 37764.2 C82 69.1786 | -72.0914 | 424829 | 22384.7 | 37764.2
4 4 3 4 4 3
Cc83 0 5553.95 | 1122.15 | 53988.4 | 33307.6 | 86582.4 Cc83 5553.95 | 1122.15 | 53988.4 | 33307.6 | 86582.4
3 7 7 3 7 7
cs4 0 4889.83 | 1136.71 | 29346.2 | 7063.49 | 71610.7 cs4 4889.83 | 1136.71 | 29346.2 | 7063.49 | 71610.7
5 4 9 9 7 5 4 9 9 7
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cs7 0 746.967 | 29.1465 | 37375.5 | 51662.6 | 92408.4 c87 746.967 | 29.1465 | 37375.5 | 51662.6 | 92408.4
5 7 2 8 5 7 2 8

C88 13.5417 | 1681.52 | 51.6868 | 4362.75 | 24128.8 | 51940.0 C88 1667.97 | 38.1450 | 4349.21 | 24115.2 | 51926.5
6 1 9 3 5 9 4 7 9 1

C86 142.715 | -76.025 | -92.295 | 19232.7 | 2565.06 | 84963.3 C86 -218.741 | -235.01 | 19090.0 | 2422.35 | 84820.6
5 3 6 4 1 1 2

C90 19.7923 | 66.2560 | -37.2313 | 184.648 | 564.805 | -68.7903 C90 46.4637 | -57.0236 | 164.855 | 545.013 | -88.5826

4 5 6 1 7 3

C99 0 4066.07 | -104.8 97131.8 | 19606.1 | 58729.2 Cc99 4066.07 | -104.8 97131.8 | 19606.1 | 58729.2
4 1 4 4 1 4

C107 0 2283.09 | -54.5496 | 19563.5 | 78271.3 | 144504. C107 2283.09 | -54.5496 | 19563.5 | 78271.3 | 144504.
1 6 5 1 6 5

C110 0 3814.83 | -62.5552 | 54414.6 | 41178.6 | 144931. C110 3814.83 | -62.5552 | 54414.6 | 41178.6 | 144931.
2 2 7 5 2 2 7 5

C113 0 391.096 | -46.5439 | 107945. | 56816.3 | 111841. C113 391.096 | -46.5439 | 107945. | 56816.3 | 111841.
5 5 1 6 5 5 1 6

C115 0 5828.73 | 1020.25 | 75640.0 | 63037.8 | 126808. C115 5828.73 | 1020.25 | 75640.0 | 63037.8 | 126808.
4 1 6 3 4 1 6 3

C119 3.59102 | 5370.67 | 6221.99 | 80466.3 | 64914.7 | 128685. C119 5367.08 | 6218.39 | 80462.7 | 64911.1 | 128681.
7 5 6 8 2 4 9 7 9 6

C104 0 3587.60 | 21.4664 | 122071. | 23309.8 | 130785. C104 3587.60 | 21.4664 | 122071. | 23309.8 | 130785.
6 2 3 2 6 6 2 3 2 6

C105 0 1572.15 | 108.608 | 21477.5 | 39844.5 | 140125. C105 1572.15 | 108.608 | 21477.5 | 39844.5 | 140125.
6 9 9 5 5 6 9 9 5 5

Cio01 0 7718.15 | 6537.64 | 122673 25473.7 | 132397. Clo1 7718.15 | 6537.64 | 122673 25473.7 | 132397.
5 2 8 5 2 8

c97 18.1750 | 7096.45 | -10.8541 | 32876.1 | 41584.9 | 117302. Cc97 7078.27 | -29.0292 | 32857.9 | 41566.7 | 117284.
6 5 6 5 7 2 4

C98 6.07957 | 8170.53 | 7345.62 | 69888.3 | 45455.4 | 151073. C98 8164.45 | 7339.54 | 69882.2 | 45449.3 | 151067.
5 5 3 6 3 5 5 8 2

C102 0 279.437 | -6.01591 | 24.8276 | 53438.4 | 153347. C102 279.437 | -6.01591 | 24.8276 | 53438.4 | 153347.
5 2 8 1 5 2 8 1
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C94 2.63143 | 7605.77 | 351.376 | 43089.2 | 82910.5 | 129261. Cc94 7603.13 | 348.745 | 43086.6 | 82907.8 | 129258.
4 6 6 1 5 9 2 3 8 9

Cc95 0 5275.85 | 534.406 | 74995.7 | 74204.2 | 1341069. Cc95 5275.85 | 534.406 | 74995.7 | 74204.2 | 134109.
5 3 4 3 5 3 4 3

C96 0 717.435 | 74.3591 | 92012.5 | 36905.8 | 130696 C96 717.435 | 74.3591 | 92012.5 | 36905.8 | 130696

5 1 3 5 1 3

C100 22.4183 | 6836.55 | -7.26205 | -194.708 | 49272.6 | 133367. C100 6814.13 | -29.6804 | -217.127 | 49250.2 | 133344.
9 8 2 2 6 8

C89 13.9508 | 4011.92 | 9674.69 | 339061 157901. | 296087. C89 3997.97 | 9660.73 | 339047 157887. | 296073.
8 3 6 9 2 9 6 9

C106 0 9600.88 | 13.9508 | 186933 98854.6 | 250490. C106 9600.88 | 13.9508 | 186933 98854.6 | 250490.
8 4 5 8 4 5

C108 0 485.506 | 1.64943 | 141827. | 38085.4 | 276323. C108 485.506 | 1.64943 | 141827. | 38085.4 | 276323.
5 1 7 7 6 5 1 7 7 6

C109 9.8504 354.291 | -2.45105 | 64000.5 | 40791.8 | 258363. C109 344.440 | -12.3014 | 63990.6 | 40781.9 | 258353.
3 5 6 8 5 6

Ci11 0 5324.47 | -14.3381 | 965.609 | 7134.69 | 137335 Cl11 532447 | -14.3381 | 965.609 | 7134.69 | 137335

5 4 8 5 4 8

Cca1 0 6516.54 | 1342.39 | 109411. | 141277. | 163263. Cca1 6516.54 | 1342.39 | 109411. | 141277. | 163263.
5 8 7 6 7 5 8 7 6 7

C92 0 7462.78 | 13.4923 | 177225. | 69846.0 | 144153. Cc92 7462.78 | 13.4923 | 177225. | 69846.0 | 144153.
5 7 3 4 4 5 7 3 4 4

C93 0 8040.26 | 6430.73 | 41319.8 | 95496.4 | 136592. Cc93 8040.26 | 6430.73 | 41319.8 | 95496.4 | 136592.
5 5 7 8 5 5 7 8

C103 0 3567.73 | 1151.79 | -296.207 | 19975.7 | 46339.2 C103 3567.73 | 1151.79 | -296.207 | 19975.7 | 46339.2
4 5 7 4 5 7

C112 0 7157.76 | 1201.72 | 91227.1 | 24918.9 | 81540.5 C112 7157.76 | 1201.72 | 91227.1 | 24918.9 | 81540.5
5 1 8 1 8 5 1 8 1 8

C114 0 7979.13 | 174611. | 102960. | 18328.0 | 117440. C114 7979.13 | 174611. | 102960. | 18328.0 | 117440.
8 9 3 9 8 9 3 9

C116 0 5110.6 8841.15 | 133269 | 80042.6 | 175011. C116 5110.6 8841.15 | 133269 | 80042.6 | 175011.
2 5 3 2 5 3
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C117 91.5901 | 6868.84 | 189.653 | 226069. | 211251 225633. C117 6777.25 | 98.0631 | 225977. | 211159. | 225542
2 4 6 8 4
C118 48.0065 | 18810.7 | 6247.77 | 235875. | 120161. | 372510. C118 18762.7 | 6199.76 | 235827. | 120113. | 372462.
5 5 7 3 3 4 9 7 3 3
C137 0 16972.3 | 122.631 | 96615.3 | 499.045 | 160692. C137 16972.3 | 122.631 | 96615.3 | 499.045 | 160692.
5 8 2 9 5 8 2 9
C138 55.9944 | 11569.3 | 17291.3 | 240403. | 72037.9 | 155613. C138 11513.3 | 17235.3 | 240347. | 71981.9 | 155557.
5 5 4 4 6 8 6 5 4 7 8
C139 1859.29 | 15730.8 | 2223.41 | 198788. | 12910.6 | 98220.4 C139 13871.5 | 364.126 | 196929. | 11051.3 | 96361.1
1 7 9 7 3 1 6 8 4
C140 1772.59 | 7572.61 | 2249.42 | 27822.5 | 22447.3 | 93885.5 C140 5800.02 | 476.833 | 26049.9 | 20674.7 | 92113
4 5 7 4 3 9 1 5 4
C131 90.6732 | 402.782 | -48.0418 | 1813.46 | -93.8675 | 426.314 C131 312.109 | -138.715 | 1722.79 | -184.541 | 335.640
5 2 5 1 2 9
C128 0 18021.1 | 51.654 128863. | 216288. | 155563. C128 18021.1 | 51.654 128863. | 216288. | 155563.
2 2 5 4 2 2 5 4
C129 0 28169.5 | 25286.8 | 505973. | 483054. | 464623. C129 28169.5 | 25286.8 | 505973. | 483054. | 464623.
5 8 8 1 9 5 8 8 1 9
C132 51.654 122.539 | -7.4172 | 324.225 | -148.344 | 1269.36 C132 70.8854 | -59.0712 | 272.571 | -199.998 | 1217.71
4 2 5 2 1
C133 16.2112 | 16.2112 | 39.8397 | 1269.36 | -620.914 | 87.9405 C133 0 23.6284 | 1253.15 | -637.125 | 71.7293
6 6 5 5 6 9 4
C136 41.9215 | 43.7878 | 40.0552 | 1771.58 | 689.127 | 1622.27 C136 1.8663 -1.8663 1729.66 | 647.206 | 1580.35
9 9 9 2 7 8 1 6
C130 279.404 | 3617.59 | 718.405 | 27293.0 | 20072.9 | 20652.2 C130 3338.19 | 439.001 | 27013.6 | 19793.5 | 20372.8
4 7 5 2 9 3 1 2 9
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APPENDIX G

COMPILED PATIENT CT VALUES FOR SINGLE ASSAY
Table 19 COMPILED PATIENT Ct VALUES FOR SINGLE ASSAY

SAMPLE | Ct(mir29a) | Ct(RNU48) | Rel Ct

TB133 24.12538 | 24.017204 | 0.1081753
TB152 | 25.325129 | 25.639769 | -0.31464
TB116 | 27.984797 | 28.055918 | -0.071121
TB120 | 22.179274 | 22.555109 | -0.375835
TB126 | 24.093409 | 23.985394 | 0.1080151
TBI131 | 22.935226 | 23.940027 | -1.004801
TB140 | 25.416269 | 26.441133 | -1.024864
TB134 | 23.859316 | 24.669838 | -0.810522
TB138 | 22.034151 | 22.892294 | -0.858143
TB139 | 24.690557 | 25.680014 | -0.989456
TB145 | 30.271013 | 27.65037 | 2.6206436
TB145% | 27.733957 | 27.26161 | 0.4723473
TB129 | 25.231539 | 29.782867 | -4.551329
TB123 24.08782 | 24.303688 | -0.215868
TB121 | 24.434212 | 24.213274 | 0.2209377
TB128 | 24.643179 | 25.671316 | -1.028137
TB117B | 28.454313 | 26.96698 | 1.4873333
TB 84 25.714048 | 25.938873 | -0.224825
TB118 | 28.084814 | 25.413668 | 2.6711464
TB82 26.276087 | 26.182032 | 0.0940552
TBS3 32.641441 | 24.475702 | 8.1657301
TB151 | 26.697893 | 27.383066 | -0.685173
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TB148 25.816536 | 24.893852 | 0.9226837
TB108 24.786917 | 25.386938 | -0.600021
TB152 33.707027 | 27.051428 | 6.6555996
TB122 25.849197 | 25.012405 | 0.836792
TB110 26.876352 | 27.857704 | -0.981352
TB136 27.43219 #VALUE!
TB149 26.849508 | 25.991018 0.85849
TB153 24.617096 | 25.029327 | -0.412231
TB146 28.61725 | 27.989496 | 0.6277542
TB137 22.925173 | 25.056028 | -2.130856
TB119 22.988958 | 23.947992 | -0.959034
TB80 29.454592 | 26.709208 | 2.7453842
TB115 30.607985 | 27.696787 | 2.9111977
TB150 28.371758 | 26.626226 | 1.7455311
TB127 24.264784 | 24.049397 | 0.2153873
TB103 30.313276 | 29.764318 | 0.5489578
TB147 30.210062 | 28.525688 | 1.6843739
TB155 26.534363 | 24.731119 | 1.8032436

172



APPENDIX H

COMPILED LTBI CT VALUES FOR ASSAY

Table 20 COMPILED LTBI Ct VALUES FOR PLATE ASSAY

TARGET | SAMPLE(ACt)
C004 C006 C027 Cco2 Cco12 C009 €008 Ccoo3 C029 C030 C032
Let-7a 9.19467 9.559535 8.984927 10.34876 9.125514 9.250487 11.66947 10.07229 14.58772 12.5385 13.0042
miR-15a | 10.67949 | 11.37199 11.12366 11.68357 11.50446 15.05349 13.33979 13.93487 11.93951 12.19824 Undetermi
ned
miR-17 3.87297 3.478476 4.341018 3.079893 3.212617 4.375333 4.043393 4.1896 3.627535 2.90769 2.18474
miR-21 3.55976 4.107495 3.942056 3.174492 2.678504 | 4.0509 3.429109 4.615513 4.416374 | 4.03702 4.643742
miR-23a | 12.02071 | 14.01549 11.2042 14.33733 11.86124 12.83102 Undetermi | 14.82268 Undetermi | 14.30048 Undetermi
ned ned ned
miR-25 8.749292 | 8.518805 8.573827 8.999518 8.318233 9.42177 9.066705 9.42698 9.094955 7.877207 8.622837
miR26a | 3.746196 | 3.969872 4.157 3.770972 3.203159 3.916312 4.485766 4.317947 3.919174 2.863478 2.841251
miR-27a | 9.64595 10.48297 9.373922 9.961752 8.95733 10.88541 9.92676 11.34617 9.720695 8.89743 10.95231
miR-29a | 3.752574 | 4.5965 2.431077 4.246113 3.048413 4.464757 4913014 5.248547 3.918792 3.432009 3.96232
miR-98 14.71287 | 13.53671 11.90191 Undetermi | 12.35546 Undetermi | 15.16001 14.22572 Undetermi | 12.72408 15.23971
ned ned ned
miR-99b | 11.7267 11.81439 10.78295 11.70502 10.62751 11.9207 11.75445 12.96235 11.7976 11.511 11.42043
miR-101 | 10.29533 | 10.86014 9.878158 11.29492 9.147044 10.74734 10.28909 11.17863 10.83904 9.777893 9.98997
miR- 3.834546 | 3.491864 4.000352 2.867707 2.987577 4.254708 4.133092 4.230345 3.335716 3.043947 2.206097
106a
miR- 8.654483 | 9.00786 6.210588 7.99236 7.522916 8.991504 8.742665 9.11788 8.67017 7.579786 7.731453
106b
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miR-122 | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi
ned ned ned ned ned ned ned ned ned ned ned

miR-126 | 11.97411 | 11.3605 11.89354 9.51007 12.08984 12.80949 10.94721 12.78393 8.242084 8.74016 10.42616

miR- 0.361709 | 0.59139 -0.02279 -0.12521 -0.88178 0.895898 0.712216 1.82501 0.68683 0.029356 0.911474

142-3p

miR-143 | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi
ned ned ned ned ned ned ned ned ned ned ned

miR- 1.534465 | 1.995494 0.460717 0.865721 1.10227 3.15549 1.722835 2.938156 0.933082 1.668083 1.48794

146a

miR-150 | -1.66661 | -1.17864 -3.11332 -1.84728 -2.07777 -0.93755 -1.4856 -0.73641 -1.75206 -1.61642 -1.81521

miR- 9.91215 9.229552 8.6535 9.20492 9.92763 9.855487 9.59942 10.31689 10.58572 8.956386 9.94151

181a

miR-191 | 4.679845 | 4.457826 2.852424 | 4.034191 3.898914 | 4.980071 5.000966 4.795618 3.670925 3.694937 3.552046

miR-203 | 14.93963 | Undetermi | 14.33966 Undetermi | 14.96341 Undetermi | 15.80721 17.78216 Undetermi | Undetermi | Undetermi

ned ned ned ned ned ned

miR218 | Undetermi | Undetermi | 15.81478 Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi
ned ned ned ned ned ned ned ned ned ned

miR-223 | 4.834108 | 4.524407 1.182998 4.699246 5.967134 6.567927 4.908137 4.393057 0.637321 1.405006 3.098095

miR455 | Undetermi | Undetermi | Undetermi | Undetermi | 16.36309 Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi
ned ned ned ned ned ned ned ned ned ned

ué -0.46683 | -1.01384 0.37521 -2.00686 -1.10564 -0.22384 -0.38541 0.814283 -1.7299 -1.52335 -2.16076

snRNA

RNU48 -5E-06 3E-06 3E-06 4E-06 3E-06 0 -5E-06 0 -4E-06 2E-06 4E-06

RNU44 2.930598 | 3.699351 1.6955 3.215168 1.704885 2.775884 2.887597 3.736256 3.279634 2.686 3.783419

miR- 7.100373 | 7.698562 6.224284 7.41942 6.007373 7.779552 8.129031 8.280977 7.813621 6.360597 7.384981

30a*

miR- Undetermi | Undetermi | 15.7518 Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | 12.39029 14.51795 14.77888

144* ned ned ned ned ned ned ned

miR- Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi

155* ned ned ned ned ned ned ned ned ned ned ned

H20 Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi | Undetermi
ned ned ned ned ned ned ned ned ned ned ned
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APPENDIX |

FIRST PART OF COMPILED PATIENT CT VALUES FOR PLATE ASSAY

Table 21 FIRST PART OF COMPILED PATIENT Ct VALUES FOR PLATE ASSAY

TARG | SAMPLE(ACt)
ET
TB002 TB010 | TBO67 | TBOO5 TBO11 TB081 TB024 | TBO34 | TBO86 TB027 TB039 TB091 TB028 TB040 | TB087

Let- 11.780 | 9.2754 | 12.657 | 11.008 | 8.5511 | 11.780 | 7.8892 | 10.476 | 7.4083 | 8.3799 | 12.327 | 9.5621 | 13.118 | 11.295 | 8.4397
7a 46 9 32 94 08 01 04 59 46 66 32 5 06 06 86
miR- | 12.434 | 10.665 | 15.852 | 11.781 | 11.960 | 15.093 | 10.114 | 9.1197 | 11.113 | 12.108 | 13.228 | 10.316 | 13.599 | 12.441 | 12.752
15a 96 12 01 44 26 03 64 73 23 63 24 19 33 62 65
miR- 3.1957 | 1.8684 | 3.1467 | 3.8083 | 3.4047 | 2.9746 | 3.3087 | 3.5491 | 2.3097 | 2.7064 | 2.5059 | 1.3760 | 3.4217 | 3.2739 | 2.5985
17 27 67 84 41 78 1 61 59 17 75 23 03 07 64 98
miR- 3.9150 | 2.4361 | 5.7545 | 4.2547 | 2.8424 | 4.4820 | 2.5303 | 3.1736 | 2.2905 | 2.9492 | 3.7318 | 2.8080 | 4.8332 | 3.6600 | 4.0217
21 38 55 22 16 9 13 82 2 71 22 94 13 8 4
miR- | Undete | 13.736 | 16.360 | 12.162 | 11.643 | Undete | 11.294 | 12.715 | 12.060 | 13.555 | 14.824 | 12.810 | Undete | Undete | 12.030
23a rmined 74 51 73 98 | rmined 3 14 54 07 36 4 | rmined | rmined 04
miR- 8.7747 | 7.0869 | 8.7070 | 8.9492 | 8.3312 | 8.2929 | 7.7539 | 8.2132 | 6.9260 | 8.1339 | 8.2507 | 6.7287 | 9.4520 | 8.8817 | 7.4404
25 4 97 06 5 95 2 9 7 98 47 04 35 93 56 39
miR2 | 3.8189 | 2.3329 | 3.7322 | 3.9055 | 3.0083 | 3.4317 | 3.5008 | 2.5449 | 2.0884 | 2.8937 | 2.8990 | 1.5288 | 4.1456 | 3.5895 | 2.2893
6a 25 76 18 95 09 09 78 91 18 75 58 45 7 88
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miR- 9.5513 | 7.2615 | 9.8992 | 10.067 | 8.9366 | 9.5735 | 8.8830 | 7.4807 | 8.4929 | 9.2606 | 10.067 | 8.1752 | 10.551 | 9.3530 | 8.9055
27a 6 35 25 22 23 8 45 96 2 14 96 34 48 8 15
miR- 43693 | 2.7732 | 4.1874 | 4.0919 | 3.0663 | 3.3617 | 3.1299 | 2.5582 | 2.5383 | 3.4800 | 3.1526 | 2.1981 | 4.3136 | 3.7851 | 3.0727
29a 76 02 16 05 2 7 26 59 45 94 5 03 95 12 78
miR- 15.974 | 12.225 | Undete | Undete | 12.768 | Undete | 12.300 | 13.117 | 12.298 | 12.623 | Undete | Undete | 16.728 | 15.051 | 12.307
98 02 69 | rmined | rmined 09 | rmined 3 31 59 91 | rmined | rmined 4 02 99
miR- 11.570 | 10.774 | 10.990 | 11.905 | 11.524 | 11.516 | 11.499 | 10.234 | 10.988 | 10.925 | 11.940 | 10.450 | 11.832 | 11.426 | 9.9490
99b 83 86 4 94 48 69 26 05 86 5 84 26 97 53 03
miR- 10.675 | 9.3916 | 10.013 | 11.100 | 8.9656 | 9.6336 | 9.4340 | 8.3430 | 8.5993 | 9.4220 | 9.9862 | 7.5284 | 10.609 | 9.9765 | 9.0868
101 01 96 46 52 45 2 82 62 9 6 6 06 74 05 28
miR- 3.2031 | 1.8684 | 3.1727 | 3.8935 | 3.3038 | 3.0310 | 2.7052 | 2.6667 | 2.3280 | 2.7223 | 2.2504 | 1.3589 | 3.4230 | 3.4189 | 2.6036
106a 99 44 94 94 54 6 11 26 33 96 76 78 05 09 83
miR- 8.1416 | 6.1831 | 8.5213 | 8.7440 | 7.3872 | 7.8859 | 7.0025 | 6.5697 | 6.2981 | 7.8061 | 7.8881 | 6.6221 | 8.9195 | 8.0850 | 7.5436
106b 46 39 6 1 99 8 12 45 07 2 37 83 23 2 24
miR- | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete
122 rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined
miR- 7.1532 | 8.9526 | 9.6830 | 13.593 | 11.220 | 12.177 | 10.014 | 11.347 | 10.761 | 9.6686 | 9.9885 | 7.8516 | 10.352 | 10.704 | 10.832
126 45 3 54 97 96 4 04 47 19 03 17 56 43 46 51
miR- 0.9734 -| 1.1163 | 0.5300 - | 0.2605 -| 0.7318 - - - -| 1.1660 | 0.0867 -
142- 83 | 0.6203 12 7 | 0.6592 9 | 1.0946 7| 1.7173 | 0.4834 | 0.2553 | 1.7192 59 8 | 0.3909
3p 1 2 6 1 4 7 8
miR- | Undete | 13.540 | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete
143 rmined 19 | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined
miR- 1.7504 | 0.5175 | 3.0545 | 1.6864 | 1.6036 | 1.4735 | 1.7986 | 0.7660 | 1.4465 | 2.3244 | 1.2028 | 0.7653 | 1.9427 | 1.7969 | 1.3669
146a 26 5 42 62 91 9 47 97 52 24 83 39 77 24
miR- - - - - - - - - - - - - - - -
150 1.3627 | 3.0595 | 1.8454 | 0.8754 | 1.3297 | 1.7582 | 1.9521 | 2.5335 | 2.5297 | 1.6842 | 2.5683 | 3.3650 | 0.8329 | 0.8875 | 2.5038

5 1 8 2 9 9 2 8 8 5 4
miR- 10.192 | 8.1879 | 10.472 | 11.164 | 9.6805 | 10.839 | 8.7778 | 10.442 | 8.4433 | 8.6321 | 8.6200 | 8.3214 | 10.803 | 10.726 | 8.9771
181a 37 04 54 97 75 03 88 73 42 63 13 99 01 78
miR- 3.9868 | 2.6561 | 4.7497 | 4.6938 | 4.4420 | 4.1206 | 3.1551 | 5.0243 | 3.2273 | 3.5597 | 2.6153 | 2.0911 | 4.2805 | 4.1413 | 3.4523
191 5 37 29 64 65 17 37 33 33 06 85 76 12 18
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miR- | Undete | 14.435 | Undete | Undete | 15.950 | 14.637 | 13.908 | Undete | 13.064 | Undete | Undete | 12.527 | 14.753 | 13.602 | Undete
203 rmined 16 | rmined | rmined 58 4 04 | rmined 88 | rmined | rmined 28 03 19 | rmined
miR2 | Undete | Undete | Undete | Undete | 18.589 | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete
18 rmined | rmined | rmined | rmined 23 | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined
miR- 1.4891 -| 3.5479 | 6.4552 | 3.0448 | 6.0894 | 1.8915 | 3.0365 | 3.5458 | 0.5594 | 3.1772 | 3.1108 | 2.8823 | 2.7544 | 4.0828
223 37 | 0.4936 66 07 5 67 19 87 3 22 07 79 48 24
2
miR4 | Undete | Undete | Undete | Undete | 17.382 | 15.147 | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | 13.886
55 rmined | rmined | rmined | rmined 41 69 | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined 73
ub - - - - | 0.3457 - - - - - - - - - -
snRN 1.2949 | 0.4237 | 0.8265 | 1.0773 72 | 1.3486 | 0.0820 | 1.4148 | 0.4844 | 0.3159 | 2.1294 | 2.8976 | 0.4678 | 0.5315 | 0.3432
A 8 9 8 5 7 9 9 2 2 9 6 8 1
RNU4 0 1E-06 4E-06 | -3E-06 | -2E-06 0 4E-06 0| -4E-06| -3E-06 | -5E-06 4E-06 1E-06 0| -3E-06
8
RNU4 | 3.5508 | 3.7551 | 4.1571 | 3.4465 | 2.6759 | 2.5858 | 2.2580 | 3.0077 | 4.0352 | 2.3214 | 2.6184 | 4.5844 | 3.7814 | 2.9712 | 4.0687
4 1 76 46 75 99 4 45 94 93 58 85 48 2 96 63
miR- 7.5860 | 5.8764 | 7.3533 | 8.0781 | 6.7172 | 6.1073 | 6.7430 | 7.1788 | 7.5422 | 6.7377 | 6.4419 | 7.9946 | 7.7854 | 7.2475 | 7.1274
30a* 19 07 59 97 8 91 6 5 67 18 6 04 93 58
miR- | Undete | Undete | Undete | Undete | 16.634 | Undete | 17.318 | Undete | Undete | 13.038 | 12.587 | Undete | 15.963 | 15.564 | Undete
144* | rmined | rmined | rmined | rmined 01 | rmined 52 | rmined | rmined 78 15 | rmined 9 1 | rmined
miR- | Undete | Undete | Undete | Undete | 16.056 | Undete | Undete | Undete | Undete | Undete | 15.143 | Undete | Undete | Undete | Undete
155* | rmined | rmined | rmined | rmined 27 | rmined | rmined | rmined | rmined | rmined 65 | rmined | rmined | rmined | rmined
H20 Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete | Undete
rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined | rmined
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APPENDIX J

SECOND PART OF COMPILED PATIENT CT VALUES FOR PLATE ASSAY

Table 22 SECOND PART OF COMPILED PATIENT Ct VALUES FOR PLATE ASSAY

TARGE | SAMPLE(ACt)
T
TBOO | TBO12 | TBOO7 | TBO1l6 | TBO14 | TBO68 | TBO15 | TBO70 | TB52 TB71 TB30 TB42 TB41 TB66 TBO0O8 | TBO18
6
Let-7a | 9.720 | 10.002 | 9.2159 | 9.4601 | 13.951 | 12.318 | 12.343 | 12.097 | Undet | 10.068 | 10.154 | 13.158 | 14.172 | Undet | 9.9651 | 10.589
88 18 3 4 85 75 55 9 ermin | 52 28 79 04 ermin | 13 6
ed ed
miR- 11.29 | 13.358 | 11.157 | 11.748 | 12.798 | 12.662 | 15.606 | 11.473 | Undet | 9.8295 | 11.733 | 12.995 | 12.869 | 12.080 | 12.360 | 14.059
15a 192 48 76 33 05 1 36 91 ermin | 37 48 48 43 01 77
ed
miR-17 | 3.204 | 3.6409 | 3.8851 | 3.8773 | 2.0588 | 2.2255 | 3.2341 | 2.4275 | 2.2910 | 1.5654 | 2.8835 | 2.9929 | 2.6380 | 2.5756 | 3.6364 | 2.5403
748 4 5 88 86 95 09 52 98 36 29 38 55 1 52 22
miR-21 | 3.571 | 4.1289 | 2.8282 | 4.0729 | 4.3271 | 5.2365 | 4.1118 | 2.4117 | 3.6322 | 2.2098 | 3.8340 | 5.4793 | 5.1223 | 4.5102 | 3.2559 | 3.8464
839 5 66 67 53 49 69 94 63 4 33 5 6 3 53 9
miR- Unde | 14.216 | 13.607 | 13.329 | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | 12.028 | Undet
23a termi | 78 84 ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | 62 ermin
ned ed ed ed ed ed ed ed ed ed ed ed
miR-25 | 8.793 | 8.9838 | 8.9173 | 8.7855 | 8.8524 | 8.0148 | 8.3966 | 6.8835 | 8.2765 | 7.2772 | 7.9742 | 9.2724 | 8.3980 | 8.0122 | 8.7418 | 8.4827
593 7 05 55 9 23 67 45 4 8 4 07 1
miR26 | 3.515 | 3.6320 | 4.1938 | 4.5447 | 3.1027 | 2.3143 | 4.1638 | 2.7119 | 2.6874 | 2.5658 | 2.8813 | 4.1000 | 3.8151 | 3.0200 | 3.3912 | 3.2603
a 438 72 04 6 82 93 8 45 26 36 75 66 02 54 97 9
miR- 9.563 | 10.586 | 9.2185 | 10.173 | 10.351 | 8.8938 | 10.427 | 7.7853 | 9.1878 | 8.1526 | 9.4302 | 9.4739 | 11.005 | 9.0840 | 9.9184 | 10.358
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27a 612 32 9 96 01 96 72 8 53 26 37 52 7 96 88
miR- 4.223 | 3.8167 | 3.6762 | 4.6373 | 3.7713 | 3.3701 | 4.5404 | 2.2690 | 3.0138 | 2.3519 | 3.5693 | 5.1977 | 4.8491 | 3.6937 | 3.5529 | 3.4656
29a 54 07 77 16 15 99 65 95 79 96 9 27 77 3 05
miR-98 | 14.47 | 13.782 | 15.479 | Undet | 14.457 | Undet | Undet | Undet | Undet | Undet | 16.332 | Undet | Undet | Undet | 13.935 | 12.664

593 57 58 ermin | 45 ermin | ermin | ermin | ermin | ermin | 15 ermin | ermin | ermin | 31 12

ed ed ed ed ed ed ed ed ed

miR- 11.76 | 11.265 | 12.640 | 11.011 | 12.049 | 9.5372 | 11.980 | 11.111 | 11.627 | 9.3248 | 12.069 | 11.480 | 11.168 | 11.143 | 12.216 | 12.809
99%b 894 97 61 02 62 8 61 11 95 52 07 42 23 33 19 38
miR- 10.49 | 10.193 | 10.230 | 11.677 | 10.093 | 8.5393 | 10.369 | 8.4354 | 8.3419 | 9.3988 | 9.3054 | 11.844 | 10.856 | 9.7282 | 10.023 | 8.8390
101 119 42 26 63 1 92 54 92 63 8 97 7 87 68 9 35
miR- 3.355 | 3.3888 | 3.7907 | 3.7735 | 2.124 | 2.4575 | 3.2448 | 2.1692 | 1.8772 | 1.4921 | 2.8727 | 3.4486 | 2.7343 | 2.4489 | 3.4252 | 2.1086
106a 606 03 62 35 38 66 57 05 4 9 91 32 23 88 64
miR- 8.290 | 8.0719 | 7.7895 | 8.9329 | 8.0098 | 7.8422 | 8.2413 | 6.1998 | 7.0126 | 6.0940 | 7.8459 | 9.5594 | 8.3931 | 7.5775 | 8.2791 | 6.8527
106b 74 4 05 7 63 87 38 05 86 48 9 6 57 23 52 53
miR- Unde | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet
122 termi | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin

ned ed ed ed ed ed ed ed ed ed ed ed ed ed ed ed
miR- 10.86 | 9.7094 | 11.882 | 10.818 | 9.1626 | 11.340 | 11.131 | 9.7604 | 11.043 | 10.768 | 11.200 | 9.8546 | 8.6811 | 10.467 | 13.207 | 11.230
126 377 2 77 74 04 66 38 66 88 16 5 7 2 11 52 62
miR- 0.167 | 0.3585 | - 1.3003 | 0.4463 | 0.4087 | 0.4422 | - - - - 1.8780 | 1.6375 | 0.2918 | - -
142-3p | 847 4 0.2457 | 56 5 2 31 1.2652 | 0.9407 | 1.3320 | 0.3731 | 43 38 44 0.3361 | 0.6441

6 9 2 7 9

miR- Unde | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet
143 termi | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin

ned ed ed ed ed ed ed ed ed ed ed ed ed ed ed ed
miR- 2.111 | 1.8296 | 2.3096 | 2.1886 | 2.2685 | 1.7907 | 3.7371 | 1.2151 | 1.2721 | 0.7830 | 1.3666 | 2.1061 | 2.8118 | 1.9081 | 2.0523 | 1.0467
146a 939 87 62 72 29 78 65 25 45 96 64 33 12 88 74
miR- - - - - -1.785 | - - - - - - - - - - -
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150 1.540 | 1.6539 | 1.1332 | 1.4656 3.0588 | 1.3957 | 2.3457 | 3.1187 | 2.5721 | 1.9220 | 1.4838 | 1.8815 | 2.5374 | 1.5935 | 2.7282
44 8 4 4 6 7 3 3 5 1 9 9 2 4
miR- 8.993 | 9.2506 | 9.6407 | 9.8259 | 10.385 | 8.8874 | 9.4500 | 9.1673 | 8.9841 | 8.9332 | 9.2205 | 10.366 | 11.275 | 10.188 | 9.4720 | 9.0943
181a 124 43 55 96 7 7 93 8 56 74 8 94 14 68 33 38
miR- 4.240 | 3.8437 | 4.7627 | 4.1232 | 3.7680 | 2.6827 | 4.9722 | 3.4415 | 2.7243 | 2.9556 | 3.9336 | 3.8047 | 3.5775 | 3.0675 | 4.4398 | 3.0296
191 713 6 98 32 4 2 74 77 58 66 4 64 32 76 64 02
miR- Unde | 15.194 | Undet | Undet | Undet | Undet | 15.039 | Undet | Undet | Undet | 15.543 | Undet | Undet | Undet | Undet | Undet
203 termi | 98 ermin | ermin | ermin | ermin | 98 ermin | ermin | ermin | 05 ermin | ermin | ermin | ermin | ermin
ned ed ed ed ed ed ed ed ed ed ed ed ed
miR21 | Unde | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet
8 termi | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin
ned ed ed ed ed ed ed ed ed ed ed ed ed ed ed ed
miR- 4516 | 2.0543 | 5.3306 | 4.6822 | 3.6064 | 4.3233 | 6.6157 | 4.7164 | 3.4832 | 2.8716 | 4.6463 | 1.0039 | 3.1883 | 4.1457 | 6.6954 | 2.1692
223 073 7 33 6 27 06 2 A 88 66 04 97 74 31 54 4
miR45 | Unde | 14.312 | 14.707 | Undet | Undet | Undet | 15.026 | 12.344 | 12.046 | Undet | Undet | Undet | Undet | Undet | Undet | Undet
5 termi | 86 46 ermin | ermin | ermin | 66 3 32 ermin | ermin | ermin | ermin | ermin | ermin | ermin
ned ed ed ed ed ed ed ed ed ed ed
ub - 0.2831 | - - - - - - - - - - - - - -
sNnRNA | 1482 |1 0.2257 | 0.5099 | 2.1827 | 3.0836 | 1.4340 | 1.1841 | 3.0221 | 0.4951 | 0.9589 | 2.2675 | 2.4953 | 2.8989 | 0.1167 | 3.5503
87 1 s) 4 4 4 8 8 6 3 7 9 4
RNU48 | -2E- 2E-06 |4E-06 |O -1E-06 | -2E-06 | -3E-06 | 3E-06 | -4E-06 | -5E-06 | -5E-06 | 4E-06 | 3E-06 | 4E-06 | 4E-06 | 4E-06
06
RNU44 | 3.486 | 3.1547 | 2.4384 | 2.6025 | 3.2469 | 2.3650 | 2.1208 | 1.9446 | 2.3136 | 3.4079 | 2.5899 | 3.5585 | 2.4246 | 1.9988 | 2.8746 | 3.0528
574 54 48 9 8 47 28 69 14 63 76 73 62 64 8 85
miR- 7.205 | 7.1923 | 7.5259 | 7.9210 | 7.4097 | 6.4591 | 7.0905 | 5.3825 | 6.2975 | 6.3401 | 7.0685 | 7.9240 | 6.7282 | 6.3393 | 7.1017 | 8.3322
30a* 84 27 17 62 35 1 75 2 06 6 19 2 59 44 3 9
miR- Unde | 17.697 | Undet | 15.566 | 14.279 | Undet | Undet | Undet | Undet | 11.931 | 15.381 | 13.179 | Undet | Undet | Undet | Undet
144* termi | 96 ermin | 08 21 ermin | ermin | ermin | ermin | 24 36 16 ermin | ermin | ermin | ermin

181




ned ed ed ed ed ed ed ed ed ed
miR- Unde | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | 14.918 | Undet | Undet | Undet | Undet | Undet
155* termi | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin | 24 ermin | ermin | ermin | ermin | ermin
ned ed ed ed ed ed ed ed ed ed ed ed ed ed ed
H20 Unde | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet | Undet
termi | ermin | ermin | ermin | ermin | ermin | ermin | ermin | ermin_| ermin | ermin | ermin | ermin | ermin | ermin | ermin
ned ed ed ed ed ed ed ed ed ed ed ed ed ed ed ed
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APPENDIX K

RAW DATA DISPLAY FROM THE APPLIED BIOSYSTEM’S REAL TIME PCR

Table 23 RAW DATA DISPLAY FROM THE APPLIED BIOSYSTEM’S REAL TIME PCR

Block 96fa
Type st
Chemistr | TAQ
y MAN
Experime | D:\My
nt File Projects\2012_1206\Anthony\T
Name B119.eds
Experime | 2012-12-12
nt Run 13:24:27 PM CET
End Time
Instrume | sds7500fast
nt Type
Passive ROX
Referenc
e
Well Sam | Targ | Tas | Re | Qu | CT1 Ct |Ct | Qu | Qua | Qua | Automat | Ct Autom | Base |Bas | Co |HI | N OUT | EX
ple et k po | enc Me | SD | an | ntity | ntity | ic Ct Thre | atic line eline |mm |G | O |LIE |PF
Nam | Nam rte | her an tity | Mea | SD | Thresho | shol | Baseli | Start | End |ent | HS | A RR AIL
e e r n Id d ne s D M | G
P
Al TB1 Let- | UN FA | NF 29.8 | 29. | 0.2 TRUE 0.03 | TRUE 3 27 N N N N
19 7a KN |M | Q- |8091| 84| 26
ow MG 53| 79
N B 5 4
A2 TB1 | miR- | UN | FA | NF 329 | 33.| 0.6 TRUE 0.03 | TRUE 3 31 Y N |N N
19 15a |KN | M | Q- 892 | 34| 70
ow MG 18| 79
N B 9
A3 TB1 | miR- | UN | FA | NF 238 24.| 1.0 TRUE 0.03 | TRUE 3 21 Y N [N N
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19 17 KN | M | Q- 7753 | 64| 37
ow MG 94| 90
N B 7 4

A4 TB1 | miR- | UN | FA | NF 229 | 23.| 0.8 TRUE 0.03 | TRUE 20
19 21 KN | M | Q- 7044 | 45| 29
ow MG 69 | 27
N B 2 2

A5 TB1 | Let- | UN | FA | NF 29.6 | 29.| 0.2 TRUE 0.03 | TRUE 27
19 Ta KN |[M | Q- 0288 | 84 | 26
ow MG 53| 79
N B 5 4

A6 TB1 | miR- | UN | FA | NF 329 | 33.| 0.6 TRUE 0.03 | TRUE 30
19 158 |[KN | M | Q- 2083 | 34| 70
ow MG 18| 79
N B 9

A7 TB1 | miR- | UN | FA | NF 242 | 24.]1 1.0 TRUE 0.03 | TRUE 22
19 17 KN | M | Q- 415 | 64 | 37
ow MG 94| 90
N B 7 4

A8 TB1 | miR- | UN | FA | NF 229 | 23.| 0.8 TRUE 0.03 | TRUE 21
19 21 KN | M | Q- 8587 | 45| 29
ow MG 69 | 27
N B 2 2

A9 TB1 | Let- | UN | FA | NF 30.0 | 29.| 0.2 TRUE 0.03 | TRUE 28
19 Ta KN |M | Q- 5227 | 84| 26
ow MG 53| 79
N B 5 4

Al10 TB1 | miR- | UN | FA | NF 341 | 33. | 0.6 TRUE 0.03 | TRUE 31
19 152 |KN | M | Q- 1536 | 34| 70
ow MG 18| 79
N B 9

All TB1 | miR- | UN | FA | NF 258 | 24.]1 1.0 TRUE 0.03 | TRUE 22
19 17 KN | M | Q- 2937 | 64| 37
ow MG 94 | 90
N B 7 4

Al12 TB1 | miR- | UN | FA | NF 244 | 23.| 0.8 TRUE 0.03 | TRUE 22
19 21 KN | M | Q- 1444 | 45| 29
ow MG 69 | 27
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N B 2 2

Bl TB1 | miR- | UN | FA | NF 313 | 31.| 04 TRUE 0.03 | TRUE 29
19 232 |KN | M | Q- 8325 | 69| 30
ow MG 65 | 47
N B 7 6

B2 TB1 | miR- | UN | FA | NF 28.0| 28.| 0.6 TRUE 0.03 | TRUE 26
19 25 KN | M | Q- 4004 | 57| 83
ow MG 12 | 77
N B 8 4

B3 TB1 | miR |UN | FA | NF 23.2 | 23.| 0.9 TRUE 0.03 | TRUE 21
19 26a |KN |M | Q- 1441 | 98 | 12
ow MG 92 | 45
N B 6 5

B4 TB1 | miR- | UN | FA | NF 28.7 1 29.| 1.2 TRUE 0.03 | TRUE 26
19 27a |KN | M | Q- 6923 | 44 | 77
ow MG 40 | 57
N B 9 3

BS TB1 | miR- | UN | FA | NF 321 | 31.| 04 TRUE 0.03 | TRUE 30
19 23a |KN | M | Q- 8742 | 69| 30
ow MG 65 | 47
N B 7 6

B6 TB1 | miR- | UN | FA | NF 283 | 28.| 0.6 TRUE 0.03 | TRUE 26
19 25 KN | M | Q- 3106 | 57| 83
ow MG 12| 77
N B 8 4

B7 TB1 | miR |UN | FA | NF 23.7 | 23.| 0.9 TRUE 0.03 | TRUE 21
19 26a |KN |M | Q- 5839 | 98 | 12
ow MG 92 | 45
N B 6 5

B8 TB1 | miR- | UN | FA | NF 286 | 29.| 1.2 TRUE 0.03 | TRUE 26
19 27a |KN | M | Q- 4546 | 44 | 77
ow MG 40 | 57
N B 9 3

B9 TB1 | miR- | UN | FA | NF 315| 31.| 04 TRUE 0.03 | TRUE 29
19 23a |KN | M | Q- 1904 | 69| 30
ow MG 65 | 47
N B 7 6

B10 TB1 | miR- | UN | FA | NF 29.3 | 28.| 0.6 TRUE 0.03 | TRUE 27
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19 25 KN | M | Q- 4275 | 57| 83
ow MG 12 | 77
N B 8 4
B11 TB1 | miR | UN | FA | NF 249 | 23.| 0.9 TRUE 0.03 | TRUE 22
19 26a |KN |M | Q- 9497 | 98| 12
ow MG 92| 45
N B 6 5
B12 TB1 | miR- | UN | FA | NF 309 | 29.| 1.2 TRUE 0.03 | TRUE 28
19 27a |KN | M | Q- 1757 | 44 | 77
ow MG 40 | 57
N B 9 3
C1 TB1 | miR- | UN | FA | NF 219 21.| 0.1 TRUE 0.03 | TRUE 20
19 29a |KN | M | Q- 5804 | 78| 78
ow MG 54| 21
N B 7 5
C2 TB1 | miR- | UN | FA | NF 318 | 33.| 1.6 TRUE 0.03 | TRUE 29
19 98 KN | M | Q- 117 | 66 | 16
ow MG 81 9
N B 4
C3 TB1 | miR- | UN | FA | NF 293 | 29.| 0.2 TRUE 0.03 | TRUE 27
19 99 | KN | M | Q- 7023 | 09| 43
ow MG 25| 75
N B 6 9
C4 TB1 | miR- | UN | FA | NF 279 ] 28.| 0.9 TRUE 0.03 | TRUE 25
19 101 |[KN | M | Q- 1705 | 65| 28
ow MG 75| 89
N B 5 9
C5 TB1 | miR- | UN | FA | NF 216 | 21. | 0.1 TRUE 0.03 | TRUE 18
19 292 |KN | M | Q- 021 | 78| 78
ow MG 54| 21
N B 7 5
C6 TB1 | miR- | UN | FA | NF 347 | 33.| 1.6 TRUE 0.03 | TRUE 32
19 98 KN | M | Q- 6831 | 66 | 16
ow MG 81 9
N B 4
C7 TB1 | miR- | UN | FA | NF 289 | 29.| 0.2 TRUE 0.03 | TRUE 26
19 99 |KN |M | Q- 1381 | 09| 43
ow MG 25| 75
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N B 6 9
C8 TB1 | miR- | UN | FA | NF 28.3 | 28. | 0.9 TRUE 0.03 | TRUE 26
19 101 | KN M Q- 5579 | 65| 28
ow MG 75| 89
N B 5 9
C9 TB1 | miR- | UN | FA | NF 21.7 | 21. | 0.1 TRUE 0.03 | TRUE 19
19 29a | KN M Q- 9626 | 78 | 78
ow MG 54| 21
N B 7 5
C10 TB1 | miR- | UN | FA | NF 344 | 33.| 1.6 TRUE 0.03 | TRUE 31
19 98 KN M Q- 2442 | 66 | 16
ow MG 81 9
N B 4
Cl1 TB1 | miR- | UN | FA | NF 289 | 29. | 0.2 TRUE 0.03 | TRUE 27
19 99b | KN M Q- 9363 | 09| 43
ow MG 25| 75
N B 6 9
C12 TB1 | miR- | UN | FA | NF 29.6 | 28. | 0.9 TRUE 0.03 | TRUE 28
19 101 | KN M Q- 9981 | 65| 28
ow MG 75 | 89
N B 5 9
D1 TB1 | miR- | UN | FA | NF 229 | 22.| 0.2 TRUE 0.03 | TRUE 20
19 106 | KN M Q- 0804 | 83| 04
a ow MG 43 | 08
N B 5 5
D2 TB1 | miR- | UN | FA | NF 26.3 | 26. | 0.4 TRUE 0.03 | TRUE 24
19 106 | KN M Q- 9225 | 68 | 34
b ow MG 02| 63
N B 2 4
D3 TB1 | miR- | UN | FA | NF | Und TRUE 0.03 | TRUE 39
19 122 | KN M Q- eter
ow MG | mine
N B d
D4 TB1 | miR- | UN | FA | NF 30.6 | 31. | 0.5 TRUE 0.03 | TRUE 28
19 126 | KN M Q- 4623 | 22| 10
ow MG 75| 20
N B 6 6
D5 TB1 | miR- | UN | FA | NF 226 | 22.| 0.2 TRUE 0.03 | TRUE 20
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19 106 | KN | M Q- 6946 | 88| 04
a ow MG 43 | 08
N B 5 5
D6 TB1 | miR- | UN | FA | NF 26.4 | 26.| 04 TRUE 0.03 | TRUE 24
19 106 | KN | M Q- 6824 | 68| 34
b ow MG 02| 63
N B 2 4
D7 TB1 | miR- | UN | FA | NF | Und TRUE 0.03 | TRUE 39
19 122 |KN | M Q- | eter
ow MG | mine
N B d
D8 TB1 | miR- | UN | FA | NF 314 | 31.| 0.5 TRUE 0.03 | TRUE 29
19 126 | KN | M Q- 3546 | 22| 10
ow MG 75| 20
N B 6 6
D9 TB1 | miR- | UN | FA | NF 23.0| 22.| 0.2 TRUE 0.03 | TRUE 21
19 106 | KN | M Q- 7556 | 88 | 04
a ow MG 43 | 08
N B 5 5
D10 TB1 | miR- | UN | FA | NF 271 | 26. | 0.4 TRUE 0.03 | TRUE 24
19 106 | KN | M Q- 8017 | 68| 34
b ow MG 02| 63
N B 2 4
D11 TB1 | miR- | UN | FA | NF | Und TRUE 0.03 | TRUE 39
19 122 | KN M Q- eter
ow MG | mine
N B d
D12 TB1 | miR- | UN | FA | NF 316 | 31. | 0.5 TRUE 0.03 | TRUE 29
19 126 | KN | M Q- 01| 22| 10
ow MG 75| 20
N B 6 6
E1l TB1 | miR- | UN | FA | NF 20.7 | 20. | 0.1 TRUE 0.03 | TRUE 18
19 142- | KN | M Q- 1163 | 55| 39
3p ow MG 03| 80
N B 4 5
E2 TB1 | miR- | UN | FA | NF 33.8 | 33. TRUE 0.03 | TRUE 32
19 143 | KN | M Q- 969 | 89
ow MG 69
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N B
E3 TB1 | miR- | UN | FA | NF 224 | 22.] 0.0 TRUE 0.03 | TRUE 20
19 146 | KN | M | Q- 1477 | 46| 51
a ow MG 42 | 53
N B 5 2
E4 TB1 | miR- | UN | FA | NF 18.6 | 18. | 0.1 TRUE 0.03 | TRUE 16
19 150 | KN | M | Q- 7625 | 86| 85
ow MG 21| 22
N B 8 9
E5 TB1 | miR- | UN | FA | NF 20.4 | 20.| 0.1 TRUE 0.03 | TRUE 17
19 142- |KN | M | Q- 7545 | 55| 39
3p ow MG 03| 80
N B 4 5
E6 TB1 miR- | UN FA | NF | Und 33. TRUE 0.03 | TRUE 39
19 143 | KN M Q- eter 89
ow MG | mine | 69
N B d
E7 TB1 | miR- | UN | FA | NF 224 | 22.| 0.0 TRUE 0.03 | TRUE 20
19 146 |KN | M | Q- 6038 | 46 | 51
a ow MG 42 | 53
N B 5 2
E8 TB1 | miR- | UN | FA | NF 18.8 | 18. | 0.1 TRUE 0.03 | TRUE 17
19 150 |KN | M | Q- 636 | 86| 85
ow MG 21| 22
N B 8 9
E9 TB1 miR- | UN FA | NF 204 | 20. | 0.1 TRUE 0.03 | TRUE 18
19 142- |KN | M | Q- 6392 | 55| 39
3p ow MG 03| 80
N B 4 5
E10 TB1 miR- | UN FA | NF | Und 33. TRUE 0.03 | TRUE 39
19 143 | KN M Q- eter 89
ow MG | mine | 69
N B d
E1l1 TB1 | miR- | UN | FA | NF 225 | 22.| 0.0 TRUE 0.03 | TRUE 20
19 146 |KN | M | Q- 1761 | 46| 51
a ow MG 42 | 53
N B 5 2
E12 TB1 | miR- | UN | FA | NF 19.0 | 18. | 0.1 TRUE 0.03 | TRUE 16
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19 150 | KN | M Q- 467 | 86 | 85
ow MG 21| 22
N B 8 9
F1 TB1 | miR- | UN | FA | NF 30.7 | 30.| 0.1 TRUE 0.03 | TRUE 28
19 181 | KN | M Q- 9262 | 58 | 78
a ow MG 63| 97
N B 1 2
F2 TB1 | miR- | UN | FA | NF 254 | 25.| 0.1 TRUE 0.03 | TRUE 23
19 191 |KN | M Q- 1672 | 28| 22
ow MG 04 | 80
N B 9 4
F3 TB1 | miR- | UN | FA | NF | Und TRUE 0.03 | TRUE 39
19 203 | KN M Q- eter
ow MG | mine
N B d
F4 TB1 | miR |[UN |FA | NF | Und TRUE 0.03 | TRUE 39
19 218 | KN | M Q- | eter
ow MG | mine
N B d
F5 TB1 | miR- | UN | FA | NF 30.4 | 30. | 0.1 TRUE 0.03 | TRUE 28
19 181 | KN | M Q- 9363 | 58| 78
a ow MG 63| 97
N B 1 2
F6 TB1 | miR- | UN | FA | NF 25.1| 25.| 0.1 TRUE 0.03 | TRUE 22
19 191 |KN | M Q- 7827 | 28 | 22
ow MG 04 | 80
N B 9 4
F7 TB1 | miR- | UN | FA | NF | Und TRUE 0.03 | TRUE 39
19 203 | KN | M Q- | eter
ow MG | mine
N B d
F8 TB1 | miR |[UN |FA | NF | Und TRUE 0.03 | TRUE 39
19 218 | KN | M Q- | eter
ow MG | mine
N B d
F9 TB1 | miR- | UN | FA | NF 30.4 | 30.| 0.1 TRUE 0.03 | TRUE 28
19 181 |KN | M Q- 7269 | 58 | 78
a ow MG 63| 97
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N B 1 2
F10 TB1 | miR- | UN | FA | NF 25.2 | 25.| 0.1 TRUE 0.03 | TRUE 22
19 191 | KN | M | Q- 4649 | 28 | 22
ow MG 04| 80
N B 9 4
F11 TB1 | miR- | UN | FA | NF | Und TRUE 0.03 | TRUE 39
19 203 | KN | M | Q- | eter
ow MG | mine
N B d
F12 TB1 | miR |[UN |FA | NF | Und TRUE 0.03 | TRUE 39
19 218 | KN M Q- eter
ow MG | mine
N B d
Gl TB1 miR- | UN FA | NF 23.2 | 23. | 0.1 TRUE 0.03 | TRUE 21
19 223 |KN | M | Q- 6587 | 33| 00
ow MG 87 | 99
N B 8 5
G2 TB1 | miR | UN | FA | NF 36.2 | 35.| 1.0 TRUE 0.03 | TRUE 34
19 455 | KN | M | Q- 6877 | 29| 41
ow MG 42 | 65
N B 4
G3 TB1 | u6 UN | FA | NF 21.8 | 23.| 3.1 TRUE 0.03 | TRUE 19
19 snR |KN | M | Q- 6148 | 45| 07
NA ow MG 28 | 31
N B 4 5
G4 TB1 RN UN FA | NF 203 | 21. | 1.1 TRUE 0.03 | TRUE 18
19 u4gs |KN | M | Q- 3549 | 14| 95
ow MG 92 | 02
N B 8 2
G5 TB1 miR- | UN FA | NF 23.2 | 23. | 0.1 TRUE 0.03 | TRUE 21
19 223 |KN | M | Q- 9642 | 33| 00
ow MG 87 | 99
N B 8 5
G6 TB1 | miR | UN | FA | NF 341 | 35.| 1.0 TRUE 0.03 | TRUE 31
19 455 | KN | M | Q- 9642 | 29| 41
ow MG 42 | 65
N B 4
G7 TB1 | u6 UN | FA | NF 214 | 23.| 3.1 TRUE 0.03 | TRUE 19
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19 snR |KN | M | Q- 6354 | 45| 07
NA ow MG 28| 31
N B 4 5
G8 TB1 | RN UN | FA | NF 205 | 21. | 11 TRUE 0.03 | TRUE 18
19 u4ag |KN |M | Q- 911 | 14| 95
ow MG 92| 02
N B 8 2
G9 TB1 | miR- | UN | FA | NF 234 | 23.| 0.1 TRUE 0.03 | TRUE 21
19 223 |KN | M | Q- 5406 | 33| 00
ow MG 87| 99
N B 8 5
G10 TB1 |miR | UN | FA | NF 354 | 35| 1.0 TRUE 0.03 | TRUE 33
19 455 | KN | M | Q- 1742 | 29| 41
ow MG 42 | 65
N B 4
G1l1 TB1 | u6 UN | FA | NF 270 | 23.| 3.1 TRUE 0.03 | TRUE 24
19 snR | KN | M | Q- 3349 | 45| 07
NA ow MG 28| 31
N B 4 5
G12 TB1 | RN UN | FA | NF 225 | 21. | 11 TRUE 0.03 | TRUE 20
19 u4ag |KN | M | Q- 2126 | 14| 95
ow MG 92| 02
N B 8 2
H1 TB1 | RN UN | FA | NF 21.7 | 25.| 5.9 TRUE 0.03 | TRUE 19
19 ud4 |[KN | M | Q- 6852 | 11| 40
ow MG 32| 29
N B 4 5
H2 TB1 | miR- | UN | FA | NF 253 ] 25.| 0.1 TRUE 0.03 | TRUE 23
19 30a* | KN | M | Q- 9412 | 29| 35
ow MG 84 | 33
N B 2 9
H3 TB1 | miR- | UN | FA | NF 350 | 36.| 2.6 TRUE 0.03 | TRUE 33
19 144* | KN | M | Q- 7868 | 94 | 39
ow MG 52| 65
N B 5
H4 TB1 | miR- | UN | FA | NF 35.6 | 35. TRUE 0.03 | TRUE 33
19 155 |[KN | M | Q- 8552 | 68
ow MG 55
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N B 2
H5 TB1 | RN UN | FA | NF 215 | 25.| 5.9 TRUE 0.03 | TRUE 19
19 uda4 | KN | M | Q- 9939 | 11| 40
ow MG 32| 29
N B 4 5
H6 TB1 | miR- | UN | FA | NF 25.2 | 25.| 0.1 TRUE 0.03 | TRUE 23
19 30a* |[KN | M | Q- 0272 | 29| 35
ow MG 84 | 33
N B 2 9
H7 TB1 | miR- | UN | FA | NF 38.8 | 36. | 2.6 TRUE 0.03 | TRUE 35
19 144* | KN M Q- 1171 | 94| 39
ow MG 52| 65
N B 5
H8 TB1 miR- | UN FA | NF | Und 35. TRUE 0.03 | TRUE 39
19 155* | KN M Q- eter 68
ow MG | mine | 55
N B d 2
H9 TB1 | RN UN | FA | NF 319 | 25. | 5.9 TRUE 0.03 | TRUE 28
19 U44 |KN | M | Q- 718 | 11| 40
ow MG 32| 29
N B 4 5
H10 TB1 | miR- |UN |FA | NF | Und | 25.| 0.1 TRUE 0.03 | TRUE 39
19 30a* | KN | M | Q- | eter 29 | 35
ow MG | mine | 84| 33
N B d 2 9
H11 TB1 miR- | UN FA | NF | Und 36. | 2.6 TRUE 0.03 | TRUE 39
19 144* | KN M Q- eter 94 | 39
ow MG | mine | 52 | 65
N B d b
H12 TB1 miR- | UN FA | NF | Und 35. TRUE 0.03 | TRUE 39
19 155* | KN M Q- eter 68
ow MG | mine | 55
N d 2
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APPENDIX L

CONVERTED RT-PCR RESULTS FROM RAW DATA

Table 24 CONVERTED RT-PCR RESULTS FROM RAW DATA

TARGET | Ctl Ct2 Ct3 MEAN Ct Rel CT

Let-7a 33.35 33.54 32.92 33.27 8.31333
miR-15a 36.13 33.92 35.04 35.03 10.07333
miR-17 27.2 27.01 27.04 27.08333 2.126663
miR-21 26.22 26.21 26.43 26.28667 1.329997
miR-23a 37.08 35.4 33.55 35.34333 10.38666
miR-25 32.1 31.05 31.86 31.67 6.71333
miR26a 27.63 28.07 27.5 27.73333 2.776663
miR-27a 32.17 32.09 33.07 32.44333 7.486663
miR-29a 27.85 27.63 27.54 27.67333 2.716663
miR-98 34.02 34.37 | Undetermined 34.195 9.23833
miR-99b 34.65 33.34 34.03 34.00667 9.049997
miR-101 35.2 33.03 32.64 33.62333 8.666663
miR-106a 27.01 27 26.8 26.93667 1.979997
miR- 31.19 31.33 31.47 31.33 6.37333
106b

miR-122 | Undetermined | Undetermined | Undetermined | Undetermined | Undetermined
miR-126 29.15 29.47 29.16 29.26 4.30333
miR-142- 25.47 25.46 25.08 25.33667 0.379997
3p

miR-143 | Undetermined | Undetermined | Undetermined | Undetermined | Undetermined
miR-146a 26 26 25.81 25.93667 0.979997
miR-150 21.81 22.09 21.49 21.79667 -3.16
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miR-181a 32.01 33.05 32.57 32.54333 7.586663
miR-191 28.06 27.37 28.11 27.84667 2.889997
miR-203 | Undetermined 35.92 | Undetermined 35.92 10.96333
miR218 Undetermined | Undetermined | Undetermined | Undetermined | Undetermined
miR-223 23.49 23.91 23.67 23.69 -1.26667
miR455 Undetermined | Undetermined | Undetermined | Undetermined | Undetermined
ué 22.8 22.96 24.28 23.34667 -1.61
snRNA

RNU48 24.28 24.27 26.32 24.95667 -3.3E-06
RNU44 32.42 27.41 27.07 28.96667 4.009997
miR-30a* 32.66 30.41 21.02333 -3.93334
miR- Undetermined 34.41 34.41 9.45333
144*

miR- Undetermined | Undetermined Undetermined | Undetermined
155*

H20 Undetermined | Undetermined | Undetermined | Undetermined | Undetermined
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APPENDIX M
DATA ENTRY FORM FOR CONTROLS

KCCH
Laboratory Data Entry Form for TB 6

ot ,{D.‘S ,".:
Sample Date 201 ..,

Household No... cocvvnniin
| - S
Recrpltmentsie. . q L3t

Household 1D/ 2. C0A2
Family Niuuc.é‘.‘ e S First Namte, P2
1 e
v BeG | JSv.n

Age vears Gender m

( o
Address... YL a8 .1.-1 ;’\l*"‘ LAgekss

B 25 RO

s
et o Naseren

Phone number ...

Predisposing factors. ot 2

SIENATUTE.. L3 s ans s ram

Figure 42 A typical entered data sheet for household contacts of tuberculosis patients

enrolled for this study
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APPENDIX N

DATA ENTRY FORM FOR TB PATIENTS
sy messs Gy TOCHIOT LB O
: adutya

Fathont NG s oosssvsarssnanssavsons Sample Dm.’.......zo avssvvse
A: Patient ID K 1JNET. 0603 Recruitment site. 5200 L.
Family Name.. .f\.)".;’.ﬁ'.!": ........ First Nnmc../.‘;."..‘.'.". .Ja..';’l. » 1 S
Age.t ). years  Gender Dm f  BCG Scar D yes no
addre G/ .. ";m..al...t‘a.us,
Phone number. 505 08 50 .'._:..."./...'..’."..' LT AT

B: Classification Nc-w Case [] Recurrence

C: Diagnosis...... ’l’f;. ....... PR W s T

D: Clinical Picture:....ocooeunspen | eN—— RO

F: Concomitant Diseases:...... ena...... B R o P conseraseiisa A ST R

G: Therapy
Isoniazid
Rifampiein
Pyrazinam
Ethambutol

Other (name) P preprepspoun@iti ~ gy TNV SOPPRSITPRIRD
Treatment Start Date Smasansssasass
Treatment End Date (if completed) .0 i

JS P ol

Figure 43 A typical entered data sheet for tuberculosis patients enrolled for this study
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APPENDIX O

ETHICS APPROVAL LETTER

KWAME NKRUMAH UNIVERSITY OF SCIENCE AND TECHNOLOGY

COLLEGE OF HEALTH SCIENCES
SCHOOL OF MEDICAL SCIENCES
COMMITTEE ON HUMAN RESEARCH PUBLICATION AND ETHICS

Owr Ref CHRPE/203/10 Febeunry 14, 2011

De. Ellis Owano-Dabo

Kumas: Centre for Collaboratve Revearch
Kurnast - Gl

Dene Sie,

LETTER OF APPROVAL

Protocol Title: “The Role of Candidates MicroRNAs in the T Cell Response during Acute Tuberculosis
and Latent M. Tuberculosis Infection™

Site: KOMFO ANOKYE TEACHING HOSPITAL, KUMASI SOUTH HOSPITAL
MANHYIA HOSPITAL, KNUST HOSPITAL, TAFO HOSPITAL AND SOUTH SUNTRESO
HOSPITAL, KUMASL GHANA

Sponsor: DAHW Deutsche Lepra-und Tuberkuboschilic

Your submbsion to the Committee on Human Research Pobbcation and Ethics on the above ramed peotocol
refen

The Commutiee has considercd the ethical mut of your submission and approved the protocol. The appecval
foe & fised peniod of one vesr, rencwsble Ay thereafrer. The comunite: cay howerer, suspend o wethidrw
ethacal spprowal at anytme f yous study is found 10 the appeuved protocol

Data pathered :uwmhdmuhmdhmmpru«mmmuw froem
the of sy dment 10 the prosocol orwe, other than submusted, i made of yout research daa

The Comnunee should be notfied of the acoaal siart date of the prosect and would expect a report oa your snady,
smnwally or st close of the peoject, whichever cae comes fint It should aho be informed of any publcanon
arimng from the study

Thank you Sir, for your spplitation

7 Youn fsichiully,
Osomfuce Prok. Sie | W. Acheampang Mm, PRACY
Chaioman
o File

Hoem § a1 Sl of Modcal Scimmmes. KNUST Univeriay Pars Oie, Kamos. Gl
Pros 21 1-Y22041088 or JIB0SES TR St thrpe Wment kel gt com

Figure 44 Ethics Approval letter from Local Ethics committee
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APPENDIX P

DATA ENTRY FORM TEMPLATE FOR TB PATIENTS

KCCR Laboratory Data Entry Form for TB 6

Patient No.......cocvinien e Sample Date.......201............

A PatientID.......cccceceeee e Recruitment site........cccceeeeen o
Family Mamie....cocce v ieninnans First Mame...........

Age .. years Gender Dm |:|f' BCG Scar Dyes Dnn

B: Chssification [ ]New Case [ ] Recurrence

E: Location of the Lesion:

G Therapy

Tsoriamid :|:|

Rifampi cin { ]

Pyraziamide :|:|

Ethambutol []

Orthet (tatn )

Treatment Start D oate
Treatment End Date (if completed) .

Figure 45 Data entry form for tuberculosis patients
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VAV,
S AvA
‘?

KC

g

Laboratory Data Entry Form for TB 6

Household No.... e e e e e Samaple Date....... 201............

Household ID ... ceeveveree Recruittment site.......cccecveeeme

Farnily Nariie .. v e v s vs e FArst I AT08 vuu vus nn ves wes vm semens ns s

Age... gear: Gender m |:| f |:| BC& |:| Scar yes

o

L 1 T ey S S g O S o

Phone numaber.. B ... e e s ns mne mn azaide samnadnnes

Predispo sing Fartnrs .. o e e e e e e e s e e s e e s

b a1 - 2

Figure 46 Data entry form for household contacts of tuberculosis patients

203



APPENDIX Q

Figure 47 Study team arrives at the house of the patients to take samples from patients and
their contacts

Figure 48 Taking blood samples from study participants.
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Figure 49 Laboratory processing of samples
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