NK, T and NK T-cells in ageing, coeliac disease and IBD Randall Grose

NK, T and NK T-cells in ageing,
coeliac disease and inflammatory

bowel disease

BY
RANDALL HILTON GROSE

B.Biotech (Hons)
A thesis submitted to the University of Adelaide as the requirement for the
degree of Doctor of Philosophy

The Department of Medicine, the University of Adelaide;
The Basil Hetzel Institute for Medical Research and the Department of
Gastroenterology and Hepatology, The Queen Elizabeth Hospital

March 2008



NK, T and NK T-cells in ageing, coeliac disease and IBD Randall Grose

For Riley



NK, T and NK T-cells in ageing, coeliac disease and IBD Randall Grose

TABLE OF CONTENTS
TABLE OF CONTENTS ...ttt m
ABSTRACT L VI
PUBLICATIONS ARISING FROM THIS THESIS:......cccooeiiieieieeee XI
DECLARATION BY STUDENT ....ooiiiiieit et Xl
ACKNOWLEDGMENTS ... .ottt X1V
ABBREVIATIONS AND SYMBOLS USED IN THIS THESIS.........c......... XVI
1. CHAPTER 1 LITERATURE REVIEW........ccccoiiiiiiec e 1
1.1 NATURALKILLER CELLS ..ottt 2
1.1.1  NK phenotypiC Markers........ccoeiieiiiieiieiesie e 3
1.2 T-CELLS ..ottt 4
1.3 NATURAL KILLER T-CELLS (NK T-CELLS) ..vverveeriesireirsriesirerieseesieeseesnee e 5
1.4 NATURAL KILLER T-CELLS AND AUTOIMMUNE DISORDERS ........ccccvrvennns 12
1.4.1  Infant IMMUNE SYSTEIM ......ccviiieieciece e 14
1.4.2 Ageing of the IMmuNe SYSIEM.........cccviiiiiiiieee e 15
1.4.3 Immunosenescence and the innate immune System...........cccccvevervennne 16
1.4.4 Immunosenescence and the adaptive immune system ...........ccccceveennene 19
1.4.5 Immunosenescence and NK T-like Cells ........ccccoviviiviiiiiiiiciiieiiee 20
1.4.6 Immunosenescence and Voi24+ T-CellS.......cccooeriiiiiiiiiiiieiiieiee 21
15  COELIACDISEASE .....cco ittt 22
1.5.1 Immunology of coeliaC diSEaSE .........ccvvrerieerieeieiiere e 22
1.5.2  SUSCEPLIDIITY ..o e 24
1.5.3 Natural Killer cells in coeliac diSease ...........cccoveververienieiieiesiesieiens 26
1.5.4 NK T-like cells in cOeliac dISEASE........ccervrieriiirieiieie e 28
155 Va24+ T-cells in COBNAC TISEASE.....ccveiveiieiieieeiese e 28
1.6 INFLAMMATORY BOWELDISEASE .......ccccoviiiiiiieneiene e 28
1.6.1  ImmUuNOIOgy OF IBD .....ccoiiiiiiiiiiecee e 29
1.6.2 Natural Killer Cells in IBD ........ccceoieiiiiicie et 31
1.6.3 V024+ T-CellS IN IBD.......oiiiiiieee e 32
1.7  AIMSAND HYPOTHESIS ..ottt 33
2 CHAPTER 2 MATERIAL AND METHODS......c.ccocviiiiiiiiieenns 34
2.1 MATERIALS......coo ettt 35
2.1.1  ANLIDOAIES ..o e 35



NK, T and NK T-cells in ageing, coeliac disease and IBD Randall Grose

2.1.2
2.1.3
2.2

2.2.1
2.2.2
2.2.3
2.2.4
2.2.5
2.2.6
2.2.7
2.2.8
2.2.9
2.2.10
2.2.11
2.2.12
2.2.13
2.2.14
2.2.15
2.2.16
2.2.17
2.2.18
2.2.19

3.1
3.2
3.3

3.3.1
3.3.2
3.3.3
3.34
3.35
3.4

34.1

3.4.2

3.4.3

34.4
345

REAGENTS ... 38
BUFFERS AND SOLUTIONS .....coiiiieeie e 41
METHODS ..ottt 44
Sample COHECHION .......ocieiece e 44
1SO1atioN OF PBIMICS .....couviiiiiieiccie et 44
FIOW CYLOMELIY ...c.vieie e 44
In vitro anti-CD3 and PMA:ionomycin stimulation of PBMCs............ 46
Depletion of Va24+ NK T-cells by magnetic beads..........cccccevvvinennns 46
Determination of intracellular CytoKIiNeS..........cooovieiiiiiiiniiiieiees 46
Intestinal biopsy CONECtION..........cccvveiiiiiee e 48
Total RNA XIFACTION. ......oiviiiiiie e 48
DNASe treatment 0f RNA ... 49
Nucleic acid quUantifiCatioN..........ccceiieiiii e 49
Conversion of MRNATO CDNA ..o 49
Polymerase chain reaction (PCR)........cccooviiiiiiiiiieiiee e 50
Semi quantification 0f CDNA........cccooie i 50
Agarose gel electrophOresIS..........ccovveiiiiiiieiie e 51
Real time PCR (RT-PCR) .....ccuviiiiieiesenie e 51
RT-PCR PUITICALION ..ot 52
SEOUBNCING ettt sttt bbbttt bbb eneas 53
IMMUNONISTOCNEMISTIY ... 53
SHALISTICS. ..ttt 53
CHAPTER 3 NK T-CELL PHENOTYPE AND FUNCTION......... 55
INTRODUCTION ..ottt 56
AIMS AND HYPOTHESIS ..ot 57
METHODS AND MATERIALS .....ooiiiiee e 58
ST o] 1< £ 58
FIOW CYLOMELIY .....viiiiieiecieee e 58
In vitro anti-CD3 and PMA stimulation of peripheral blood T-cells..... 58
ST [0 1=] 0T [ o SR T ST 58
SHALISTICS. ..ttt 59
RESULTS ..ot 60
Circulating NK, bona fide NK and NK T-like cells in normal healthy
SUDJECES ..ttt et 60
Circulating CD3+, CD4+, Va24+, VB11+ and V13+ T-cells in normal
healthy SUDJECLES ......cceiieceee e 62
Circulating CD56+, CD57+, CD94+ and CD161+ Va24+ NK T-cells in
normal healthy SUDJECES .........ccvevveeiiecec e 65
Circulating Va24+ SP (CD4+) T-cells in normal healthy subjects....... 67
Circulating Va24+ VB11+ and Va24+ VB13+ T-cells in normal healthy
0 0] =T £ SRS 67



NK, T and NK T-cells in ageing, coeliac disease and IBD Randall Grose

3.4.6 Comparison of circulating 6B11+ iNK T-cells in normal healthy
SUDJECES ..ttt 69
3.4.7 Comparison of the number of circulating a-GalCer/CD1d tetramer+
INK T-cells in normal healthy SUDJECLS ........ccceevieiiieiiii e 69
3.4.8 Intestinal Va24+ T-cell mMRNA expression in normal healthy subjects 74
3.4.9 Comparison of cytokine production from Va24+ T-cells..................... 77
3.4.10 Comparison of cytokine production from 6B11+ and Va24+ o-
GalCer/CD1d INK T-CellS ..o 80
3.5 DISCUSSION ...oooiiiiiii ettt ens 86
4 CHAPTER 4 NK CELLS, T-CELLS AND NK T-CELLS; INFANCY
THROUGH TO ADULTHOOD .......cociiiiieiesc s 90
4.1  INTRODUCTION....ooiiiiiiiisesisie ettt 91
4.2  AIMSAND HYPOTHESIS .....ocvoieeeeecesseeee e 91
4.3  MATERIALS AND METHODS ......cocooiiiiiieiteeeeeieie e 93
e I RS | o] [T £ PSR OPTR 93
4.3.2  FIOW CYLOMELIY....coiicii ettt 93
4.3.3 Invitro anti-CD3 stimulation of peripheral blood T-cells...................... 93
A.3.4  SEALISTICS. ..c.viiviieisieeieeieie ettt bbbt 93
44 RESULTS ..ot 95
4.4.1 Comparison of CD161+ NK cells, CD3+, CD4+, Va24+ and Va.24+
CD4+ T-cells in infants that were either exclusively breast- or formula-
L SR SP R 95
4.4.2 Comparison of circulating NK cell number and age.........c..ccccevevvvennne. 98
4.4.3 Comparison of circulating T-cell number and age ...........cccecevvveieenene 102
4.4.4 Comparison of Va24+, VB11+ and VB13+ T-cell number and age.... 102
4.45 Comparison of circulating Va24+ SP, Va24+VB11+ and Va24+
VB13+ T-cell number and age ... 104
4.4.6 Comparison of circulating CD56+, CD57+, CD94+ and CD161+
Va24+ NK T-cell number and age........coccovvevveiennnieicseseee e 105
4.4.7 Comparison of circulating Va24+ 6B11+ and Va24+ VB11+ a-
GalCer/CD1d tetramer+ iNK T-cells and age. ........cccccocevvevencininennnns 107
4.4.8 Comparison of intestinal Va24 mRNA expression and age. .............. 108
4.4.9 Cytokine production by Va24+ T-cells, 6B11+ and Va24+ a-
GalCer/CD1d tetramer+ INK T-cells and age. ........cccooevveveiinneennns 109
45  DISCUSSION ....ooiiiiiiiieieieiesiesie ettt sttt aneaneas 114
5 CHAPTER 5 NK, T AND NK T-CELLS IN COELIAC DISEASE120

5.1

INTRODUCTION......oiiiiiiiiiii s 121



NK, T and NK T-cells in ageing, coeliac disease and IBD Randall Grose

5.2
5.3

5.3.1
5.3.2
5.3.3
5.34
5.35
5.4

54.1
5.4.2

543

5.4.4
545

5.4.6

2.4.7

5.4.8
5.4.9
5.4.10
54.11
5.5

6.1
6.2
6.3

6.3.1
6.3.2
6.3.3

6.3.4
6.4

6.4.1
6.4.2

6.4.3

AIMS AND HYPOTHESIS ..ot 121
MATERIALS AND METHODS ......ccccooiiiiieieieiere e 122
SUDJECES .t et 122
FIOW CYLOMELIY .....veeieee et 122
In vitro anti-CD3 stimulation of peripheral blood T-cells.................... 122
Depletion of Va24+ NK T-cells by magnetic beads.........c..cccccuveveee. 123
In vitro gluten fraction 3 stimulation of peripheral blood T-cells........ 123
RESULTS .ottt 124
Comparison of NK cells in coeliaC diSease...........ccvvvrvveriverenivesinennns 124
Comparison of CD3+, CD4+, Va24+, VB11+ and VB13+ T-cells in
COBHAC QISBASE ... vttt 127
Comparison of CD56+, CD57+, CD94+ and CD161+ Va24+ NK T-
CellS IN COBAC QISBASE.....cviiueecieeieciie sttt 131
Comparison of Va24+ SP T-cells in coeliac disease............cccccevuvennns 133
Comparison of Va24+ VB11+ and Va24+ 13+ T-cells in coeliac
TISBASE ...ttt 133
Comparison of Va24+ 6B11+ and Va24+ VB11+ a-GalCer/CD1d
tetramer+ INK T-cells in coeliac diSease..........ccoovvvreneneninenininnnns 134
Comparison of Va24+ T-cells in the intestine using
IMMUNOTIUOIESCENCE ... 139
Intestinal Va.24 T-cell mRNA expression in coeliac disease............... 139

Comparison of CD3+ T-cell cytokine production in coeliac disease .. 142
Comparison of Va24+ T-cells cytokine production in coeliac diseasel147
Comparison of iNK T-cells cytokine production in coeliac disease. .. 149

DISCUSSION ...ttt 154
CHAPTER 6 NK, TAND NK T-CELLS IN IBD ........cccocevvvvennn. 159
INTRODUCTION ..ottt 160
AIMS AND HYPOTHESIS ... 161
MATERIALS AND METHODS ... 162
ST o] 1< £SO 162
FIOW CYLOMELIY ...t e 162
In vitro anti-CD3 and PMA/ionomycin stimulation of peripheral blood
ToCRIIS e 163
SEALISTICS. ¢ttt 163
RESULTS .o 164
Comparison of circulating NK cells in IBD..........ccoocveveiieienieiienns 164
Comparison of CD3+, CD4+, Va24+, VB11+ and VB13+ T-cells in

IBD e 166
Comparison of CD56+, CD57+, CD94+ and CD161+ Va24+ NK T-
CElIS TN IBD ... 169

Vi



NK, T and NK T-cells in ageing, coeliac disease and IBD Randall Grose

6.4.4
6.4.5
6.4.6

6.4.7

6.4.8
6.4.9

Comparison of Va24+ CD4+ (SP) T-cells in IBD .......cccccvevveieinenens 171
Comparison of Va24+ VB11+ and Va24+ VB13+ T-cells in IBD ..... 171

Comparison of Va24+ 6B11+ and Va24+ VB11+ a-GalCer/CD1d
tetramer+ INK T-CellS iN IBD ......ocooiiiiieeee e 172
Comparison of Va24+ T-cells in the intestine of IBD using
IMMUNOTIUOIESCENCE ... 178
Intestinal Va24+ T-cell mRNA expression in IBD...........cccccvevvennnnee. 178
Comparison of cytokine production from Va24 T-cells in IBD ......... 181

6.4.10 Comparison of cytokine production from 6B11+ and Va24+ a-

6.4.11
6.5

8.1
8.1.1

8.1.2

8.1.3

GalCer/CD1D tetramer+ iINK T-cells iIN IBD........cccccooveiieieiiiiienns 183
Comparison of cytokine production from CD3+ T-cells in IBD......... 187
DISCUSSION ..ottt 190
CHAPTER 7 GENERAL CONCLUSIONS........cccooviiienriienenen, 197
APPENDIX L.ttt 205
APPENDIX 1: PUBLICATIONS ARISING FROM THIS THESIS ......ccvruennens 206

R H. Grose, A G. Cummins, and F M. Thompson. Deficiency of
invariant NK T-cells in coeliac disease. Gut, 2007; 56: 790-795........ 206
R H. Grose, F M. Thompson, A G. Baxter, D G. Pellicci and AG.
Cummins. Deficiency of invariant NK T-cells in Crohn’s disease and
ulcerative colitis. Dig Dis Sci, 2007; 52: 1415-1422. ........c..ccovevuvenee. 210
R H. Grose, A G. Cummins, and F M. Thompson. Deficiency of 6B11+
invariant NK T-cells in celiac disease (accepted for publication in
Digestive Diseases and Sciences, 2007)......cccccevveverieereereesieenesennnns 215

REFERENCES ... 219

vii



NK, T and NK T-cells in ageing, coeliac disease and IBD Randall Grose

ABSTRACT

This thesis investigated the number and function of natural killer T-cells (NK
T-cells) as a function of age, in coeliac disease, Crohn’s disease and ulcerative
colitis.

NK T-cells are a newly appreciated class of immune cells that are able to
regulate the activity of the broader T-cell population. NK T-cells have been
implicated in animal models of autoimmune disease and in human autoimmune
disease. A subset of NK cells express the T-cell receptor (TCR) and are termed
NK T-cells. In humans a further small subset of NK T-cells express an invariant
TCR a chain (Va24Jal8) and contain the immunoregulatory cell population
that is distinguished from classical T-cells by promptly producing interleukin-4
(IL-4). Invariant NK T-cells (iNK T-cells) have the surface phenotype of
Va24+ VB11+ T-cells and express CD161+ NK markers. They are CD4+
(single positive; SP) or CD4- (double negative; DN), CD1d restricted and are

a-galactosylceramide (a-GalCer) reactive.

NKT cells have been implicated in numerous autoimmune disorders. Early
work showed a major deficiency of NKT cell numbers in nonobese diabetic
(NOD) mice, a well-established model of spontaneous, autoimmune T-cell
mediated insulin-dependent diabetes. Both the number of NKT cells and
function, as assessed by IL-4 release following TCR ligation, are dramatically
reduced in NOD mice. NK T-cells have been implicated in other models of
autoimmunity such as, experimental allergic encephalomyelitis (EAE). They
have since been investigated and shown to be deficient in a number of human
autoimmune diseases including, systemic sclerosis (SSc), and systemic lupus
erythematosus (SLE), multiple sclerosis, atopic asthma, atopic dermatitis,
rheumatoid arthritis, type 1 diabetes mellitus and scleroderma. The basis of the
work presented within this thesis originated from the deficiency of NK T-cells

in models of autoimmune diseases and human autoimmune diseases.
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The initial aim of this thesis was to investigate the phenotype and function of
Va24+ NK T-cells in normal healthy control subjects and with respect to age.
The original aim was to investigate whether NK cells, T-cells, NK T-like cells
and invariant NK T-cells (iNK T-cells) are deficient in coeliac disease, Crohn’s

disease and/or ulcerative colitis.

Blood was collected for flow cytometry from normal control subjects, subjects
with coeliac disease, Crohn’s disease and ulcerative colitis. The number of
circulating NK cells, T-cells, NK T-like cells and iNK T-cells was assessed by
three-colour flow cytometry. Intracellular cytokine production was measured
after in vitro anti-CD3/ anti-CD28 antibodies, gluten fraction 3 and
PMA:ionomycin stimulation. Va24+ T-cells were quantified in ileocolonic
biopsies by immunofluorescence and as mMRNA by relative and real-time PCR
(RT-PCR).

The number of circulating Va24+ T-cells and iNK T-cells decrease with age in
normal healthy control subjects. Cytokine production was also affected by age.
The work of this thesis has identified a subpopulation of otherwise normal
healthy individuals whom have normal numbers of circulating Va24+ T-cells,
reduced numbers of circulating Va24+ VB 11+ T-cells and consequently iNK T-

cells.

Circulating CD161+ NK cells, Va24+ T-cells and the SP subset of Va24+ T-
cells were reduced in coeliac disease. The low numbers of circulating Va24+
T-cells was independent of diet. The number of circulating Va24+ VB11+ T-
cells were reduced in coeliac disease, and as a consequence, the number of
circulating Va24+ VB11+ o-GalCer/CD1d tetramer+ and Va24+ 6B11+ INK
T-cells were reduced. The deficiency of Va24+ T-cells was not confined to the
blood, but observed within the intestinal mucosa. Intestinal Va24 mRNA
expression from subjects with coeliac disease was reduced compared to levels
in normal subjects as assessed by relative and RT-PCR. Thus, Va24+ T-cells

were deficient in coeliac disease both systemically and mucosally. Cytokine
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production by Va24+ T-cells, 6B11+ and Va24+ a-GalCer/CD1d tetramer+
INK T-cells after 4 h in vitro anti-CD3 stimulation was also impaired in

subjects with coeliac disease.

Circulating CD56+, CD57+, CD94+, CD161+ NK cells were reduced in
Crohn’s disease and ulcerative colitis. Va24+ T-cells and the SP subset of
Va24+ T-cells were reduced in Crohn’s disease but not in ulcerative colitis.
Circulating Va24+ VB11+ T-cells, Va24+ VB11+ o-GalCer/CD1d tetramer+
and Va24+ 6B11+ iNK T-cells were deficient in both Cohn’s disease and
ulcerative colitis. The deficiency of Va24+ T-cells was also observed within
the intestinal mucosa. Intestinal Va24 mRNA expression from Crohn’s disease
and ulcerative colitis was reduced compared to levels in normal subjects as
assessed by relative and RT-PCR. Cytokine production by Va24+ T-cells,
6B11+ and Va24+ a-GalCer/CD1d tetramer+ iNK T-cells after 4 h in vitro
anti-CD3 stimulation was impaired for subjects with Crohn’s disease and

ulcerative colitis.

In summary, Va24+ T-cell number and function were affected by age. Further
investigations are warranted to see if deficiency of this immunoregulatory
population is associated with disease. The decrease and dysfunction in
immunoregulatory cells, Va24 T-cells and iNK T-cells could contribute to the
pathogenesis of coeliac disease, Crohn’s disease and ulcerative colitis. Coeliac
disease, Crohn’s disease and ulcerative colitis are polygenetic diseases in
which environmental factors play a significant role in disease development and
state. The reduced numbers of iINK T-cell along with their impaired function
may only be two factors. Presumably, other factors are involved. Nevertheless,
INK T-cells offer a potential target for the therapeutic intervention of coeliac

disease, ulcerative colitis and Crohn’s disease.
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a-GalCer/CD1d
IL-2R

Natural killer T-cell

Nanometres

Overnight

Degree Celsius

Peripheral blood mononuclear cell
Phosphate buffered saline
Polymerase chain reaction
Phorbol 12-myristate 13-acetate
Revolutions per minute

Roswell Park Memorial Institute
Room temperature

Real time polymerase chain reaction
Streptavidin phycoerythrin
Standard deviation

Standard error of mean

Systemic lupus erythematosus

Systemic sclerosis

Tris borate EDTA
T-cell receptor
Transforming growth factor-beta

Tumour necrosis factor
Tissue transglutaminase
Ultraviolet light

\olts

\Volume per volume

Weight per volume

Year

Delta

o~ galactosylceramide /CD1d

Interleukin-2 receptor
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