' TI-IE EXPRESSION OF INTERLEUKIN 1 RECEP'I‘AOR TYPE I AND I! IN -
MONOCYTES AND MYELOCYTIC LEUKAENHC CELLS

~ Angela Sally Flagg

A dissertation _Submitted to the Faculty of Science, University of the '

Witw_atersrand, Johanneshorg for the _ -‘Iégree'-of Master of Science |

- Johannesburg 1996



1 declare that this d:ssertatmn is my own, una;ded work. Itis bemg qubmtted
) for the degree of Master of Science in the Umverslty of the Wmmtarsrand
J_ ohannesbm_'g. Tt has not been .submtted before for any :iggree or _examx_nauon _

- in any other university.

(X%ﬁ

- AS. Flagg

19 Yanuary, 1996,



~ Iwould ike to express my gratitude to the following peoplo and organisations:

e My snpi;;msors, ofessor Nenna Savage and Dr Adnan Puren, for thexr -
'advme "aﬂ suppart | - |

v

o _The Medm%} Research Council of South Afnca, 'Ihe Umvers;lty of the - -

. '_Wltwatetsraﬁd Semor Bursary Fund and the Medlcal Faculty Endowment | s

'Fund, for theu' much apprec:ated ﬁnanclal support (1993—1995)



BSA

ODNA o

oML

Con A
CREB
DAG
DEPC
DNA
BBV
_EBTA'

BGTA

- G protein

- Adrenécofﬁéouoi)hic_horniqne |
" Acute Iymphﬁcyﬁc léukaemia
| Acute myelogenﬁus leukaemia -
AduItT cell levknemia |
B ce]i type chromc Iymphocgmc leukaemla
| Base pair
Bowne serum albumin

k Cychc adenosine 3’5’-monophosphate

Copy DNA

Cihmnie niyelo'ge?nous- leukzi.eﬁnia |
Central nervous system

Concanavahn A

cA’MP response element bmdmg protem
Dlacy‘.glvcerol |

| Dleihyl pyrocarbonate

-Deoi';yn'bonudeic ac1d -
Epstein Bart virus

Ethylene d1am1ne-tetra—acat1c acld

Ethylene_bzs(oxyethylen_emtrﬂo) tetra-acgﬁc acid

Guanine mucleotide-binding regulatory protein



'GAP-DH
GC. "

.~ GCSF
GM.CSF

GRE
4.HC
HGFR

CKE

IGF

IL-ira
LR
IR
kDA
LEP
LPS

LT
 MeCSF

: Glyceraidehyde-s-phosphate dehydrogenase

o B Glucocarﬁmld

 Granulocyte-colony stimulatiixg factm'

| Granulocyte macruphage-colony .
st:mulatmg factor

Glucacorncmd response element |
-Hydroperoxycyclophnsphamlde
I-Iaemopmetm growth factor receptor

| Forward |
" Interleukm 1 convertmg enzyme
| | Interferon
_ msuhn-hke growth factor
. Immunoglobuhn supergene receptor |
| Interleukin ”

Interleuldn-l receptor antagonist
‘mterleukin-1 reccpt_o_r type I ..
Interleukin-1 receptor type II
Kilodalton |

_ Iipopolysaecharide binding pfofein
'Lipopolysaceharide

&ukotriene |

Macrophage-colony stinmilating factor |

iv



MOPBS ~ 3{N-morpholino] propane sulphonic acid

1\{IPS SR Monanﬁc%lear phagocyte system
mRNA -Me'ssengér'ribonucleic acid{'
" NFXB | Nuclear facter—kappa B - _
PAGE - _ Polyacrylanude gel electrophorc&s |
 PBMNC . Peripheral b‘lood_ mqnonuclear cells
PDG_F' C | Platelet derived growth factor
_PEG  Poyetnjleneglyool
B PG - _Prostaglﬁndin' N
PKA o Prdtéinlduas_c);
“PMA Phorbol myristic acetate
R Revense
RIA Radioimmuno"assay |
RNse  Ribonnclesse
'R'T-P.CR _ Reverse transcnptmn polymerase cham reaction
- 8SDS ' Sodium dodecyl sulphate 3
SIRS Systemié inflammatory 'response synd_ro.me.
TBS Tris buffered saliné |
TBP  TATA binding protein
TCR - Tcell receptor |

'TEMED Tetramethylethylenemamne
TNF | Tum0ur necrosis factor -

g3



TNFR " Tumour necroéis_ factor'reo_:ept_b: B
UIs -~ - Upstream induct.. 1 sequence |
UV Uliraviolet - |

I8



 TABLE OF CONTENTS

'_D.égliration-:_. |
| Acléﬁowledgements'
 Abbreviations
_Table of Cnntents ..
| ListofTables
| hstofFlgsues |

. 5591;39&_1_. _'Intx'-oﬁucﬂon. _

1.1 ’I'he mononuclcar phagocyte system
1.2. Iuterleukm 1
1.3, Inteﬂeuhn—] gene expressmn

1.3 1. Interleulun 18 gene expressnon B

1.3.1.1. The prolL~18 genes upstream .

induction sequence
' 13 1.2. The meL-lB gene promoter

1.3 2. Interleuhn—la gene expresmon

1.4. Posttranslatmnal regulatmn of interleukin-1

L5, Processing and secretion of interleukin-1

g % o5 omom -

i

o th &

12
13
14



.1.;6. Biolﬁgical_ propeﬁes of iﬂterleukin;l
EY Intéﬂéuidﬁ-l and leukasmia

B 'LS ‘Cytokine receptors

L8 1 The haemopmeﬁc gmw;h factor _'
'- :_ reCeptor famﬂy

1 8.2. The tumour necrosis factor receptor

famﬂy

1.8.3 ‘Ifhe immumglobulm supergene receptor'

famlly
1.9. Intcrleukm 1 receptors
1.9.1, Discovery of _ﬂ;e receptor for
Iinterleu']dnﬂl _ | |
192 IRt and T do not bind
- interleukin-1 s a heterodimer
193, IL-1R41 and 11 arise from two separaie
genes B |
1.94. IL-lRtI and I can be eﬁbreﬁsed_ on the
' seme cell |

1.10. Binding properties of IL-1Ri and II

1.11, Chromiosomal location of the IL-1R and I

| ger_ies

1.12, IL-1RtI and 1T tissue distribution

B

B '.

29

30

31

2

33



113, Interleulﬂnlmgualtrausduction - % |
124 The type I interieukin-1 receptor L
1141 Inte_rleuhn—-l _only signals usmg o __
_ 115 'I'hetypeIﬂmterleukmireceptor the
” "decoy“ reccptor o ._ 40
| L 151 IL4 and the 1L-1RtII "ﬂeooy" -
__"receptor . 43
1152, Dcxmnemasmemdthemikm o |
"decoy“receptor R S Ny '. 45
115 3.1 Teceptor antagonist and the
| TRt ‘_'deqo;f' re_cebtor o 47
| 1.15.4._ IL-13 and the TL-IRI *decoy” |
| receptor - 48
L 155 'Ihe soluble. I[.,-IRﬂI "decoy“
receptor o I 49
L 15.6. TR expresmon is cell cycle |
| dependent = -1 &
1.16. Objectives afthisstudy' - S .-52'-

Section 2: Materials and Methods 54



Zi.lFreéh'and_éiﬂtured cells
2.1.1, Cultured cells
2.1 2. PBMNC xsolatmn

- 2.1.3 Monocyte isolation by adherencc )

214, Monocyte 1solanon Dy Perooli
denslty grad1ent centnfugatlon _
B - 2.1.4.1. sso_latlon of PBWC’S
2142 ana:y cell sepéfaﬁon
2.143. Sheep eryﬂxrocyte rasettmg

B 22 Qrtokmes and other reagents

2.3. Lymphocyte acnvatmg factor (LAF) assay
2.4, "Fiow cytometry: CD14 and CD11b surface

. antigen expressmn

'25. RNA lsolanon, quantlﬁcauon and analysxs' .

2.5.1. RNA isolation
2.5.2_ Total cellular RNA qiiantiﬁcation
25.3. Determining the integrity of
|  isolated RNA o
2,5.3.1. Denaturing agarose gel

electrophoresis

254 Me_fhylene blue siaining of Northern

hlotted RNA.

34

54

35

55

56

56
e
ER

58

59
60
60

61
62

62



2 6 Northem blot analys:s of Ii-18 RNA
2.6.1. Northern blotting |
2.6:2. Prehybridization of Norther blots

2,63 Random primé_r labelling of cDNA

probes with ¥p-

| 26.31 Removal of umncorporated

- label

264, I—bendlzanon of Narthem blots
265 Smngencywashes |
'_ '2.6_-.6. Autoradiography

267 Densitometric scanning -

 26. 8 Stnppmg of Northern blots

- 27 Reverse transmpuon polymerase cham |

| _reactlon a;nalys:s of HARtI, IL-lRtII,

 and IL-18 mRNA

2.7.1, Reverse transcnptmn

2 7 2, The polymerase chain reaction
272, 1 PCR prmer selectmn

' 2.7-.2.2. The PCR. cycling programme

272.3. Visualization of PCR
- products o

2.7.24. Endonuclease restriction

65

67

68
63

69
69

n



| ofPCR products . .
272.5 Sem:-qu.anuficanon using
 PCR

28, Radioimmunoassay (Rm of IL-18 praeiﬂ -
: 2.9 The malatmn and ana’iys:s of IblRtI and | _-.

]L-IRtII protem e 2
g 9.1, Iselatlon of total cclhﬂar protem
2 9.2, Protein quantlftcaimn R

2 9.3. Protem separatlon by denatunng

polyacrylamzde uel electrophoresm h

- 2.10. Analysm of IL-lRtI protem ‘by Western
 blottng

- 210.1. Western blotting

2102, 'Ihe-immunodetecﬁan of ILIRE

- protein

' 2 11, Analysis of TL-1RtI protem by |
mmmoprempnahon :

' 2 111 immuﬁo;;reéipitaﬁon
2.11.2. Lnomas;e blue stammg
2113, Sl'lver stammg

Section 3 Re_smlts”

7

o
73

74
™

%

B

- 78

79

9
81

81



. 3 1 Lymphocyte actlvaung factor assay
| 32 (1014 and CDllb surface antlgen expressmn'
33 Ana1y51s of RNA mtegnty
| 34, Methyiene blue stmnmg of Northem blots
3.5 Northern blot analysis of IL-IB mRNA
. expression
36 North_em_ blot anély_sis' of IL-1R¢II mRNA |
. epresion |
3.7. Optlmlsmg the ieon_d_itions for RT-PCR
3.8 RT-PCR aualysis of IL-18 mRNA levels
3.8.1.. IL-18 mRNA expression in adhered

monocytes

~3.82. IL-16 mRNA expression in nonadherent

1ymphocyte§
3.9. RT-PCR ana.lyms of.'lL-lRtI mRNA levels
3.9.1, IL-1R¢X mRNA ex.p:.‘e.ssion in adhered |
* monocytes
392, IL-1Rfl mRNA expression in HL60
o cells o |

3.93. ILIRY mRNA expression in THP-1 =

- eells )
3.10. RT-PCR analysis of IL-IRtIf mRNA levels

84

a
90

-9

98

103

105

107

110
110

111

113

114



3.10.1, TL-IR{I mRNA expression in

‘adhered monocytes

3.10.2. TL-1R mRNA expression in THP-1 -

3. 11. Endonuclease restriction of PCR produt:ts .

: 3. 12. RIA analyszs nf IL-IB protem expressmn
in PBMNCS
' 3 13. Analyﬂs of 1L-1Rt1 protem by Westem |
o blottmg and unmunodetecnnn
3,13, 1 I[.,-lRtI protem expreSSmn in
-PBWCS B
3132, TL-IRH protein expression i the
ﬁonadhereﬁt 1ymphocyte fracﬁén
~ 3133. IL-IRd protein expressian in
 HL-60 cells.
3.134. IL-lRtI prot_e_in expression in |
 THP-1cells | |
3.14. Immunopre_cipitatiﬂn of IL-1RtI and
If_wlRﬂI proteih
34,1, Immunoprecipitation of IL-ARM
- protein from adhered monocytes

3,142, Imrunoprecipitation of IL-TRMI

¥

114

119

2

122

127 -

133

134



protem from adhered monocytes and

- HIL-60 cells
Section 4: Discussion :

- 4. 1 LymphOCyte actlvaung factor assay

4.2 CD14 and CDlIb surface antigeu expresmon -

4.3, Northern b_Iot analysis of IL-18 mRNA
expresmon | -

44, Optimisiag the conditions for RT-PCR

45 RT-PCR analysis of IL-18 mRNA levels

4.6, RT-PCR analysis of IL-IR{I mRNA Jevels
47. RT-PCR analysis of IL-IRII mRNA 1eye15
4:8. RIA analysis of IL-18 protein
49, Anazysis of IL-1RtI protein by Western
' blotting and immunod.étedtion
4.10. Immmopref.npitatmn of IL-IRtI protein
 from adhered monocytes |

4.11. Immumprempitatmn of IL-lRtH protem

- Section 5 Conclusions and future prospects .

References

137

141

142

42

- us

8
151
152
154

':156-

157

159

160

162

167



List of tables

- 1,0: Oligonucleotide primer sequences.



1.1: The pro]L—lB gene
| 1 2; The proil-18 upstream induction sequenoe
o (UIS) (a.) and promoter (b.). -

13: IL-1¢ mRNA ar.d DNA codmg reglons

~ 14: The meunaglobu]in receptor superfamﬂy and
.. the haemopmeuc growth factor receptor

: famﬂy
- 1.5 Relatwe bmdmg affinities of IL-la .
© IL18, and ILtre to ILARA and 1,
| -.1'.'6: ‘The structure of the IL—IRtI cell surface -
- ‘receptor. | o
.1.7: The structure of the IL-lRtII cell surface

- receptor. | |
.1.8: ‘The stimulatory effects of IL4.
1. 9 The relatlve affinities of IL-la, IL-18,

and IL-1ra for snluble IL-1RtI and .
31 Determining the biclogical activity of
IL-18 usiﬁg a LAF 'assay. o

' 32: An RNA integrity gl.
33 Methyléne blue Staining of total cellular

xoii

B

27
32

39

a1

43

51



" RNA on a Northern blot,

34 Northern blot analysis of IL-18 mRNA |

| 'expression‘in PBMNCs,
3.5: Northern blot analysm of 1L-18 mRNA
expressxon in adhered monorytes
.3 6: Northem blot analysis of the effects of
IL-4 on the expressmn of IL-ZB mRNA in
adhered monocytes |
3T The Northem blot analysm of IL-IRI:II .

mRNA expression in THP-1 and HLA60 cells.

| 3. 8' The effect of different MgCl, concentrauons
on the eﬁxclency of amphﬁcatlon of IL-
18 cDNA., |

| 3.9: The effect of changmg priniér

' c_:oncantratibns on the efficiency of

amplification during PCR,

3.10: RT-PCR analysis of IL-18 mRNA expression

" in adhered monocytes.

3.11: RT-PCR analysis of JL-18 mRNA expression

in nonadherent lymphocytes.
3.12: RT-PCR analysis of IL-1R{I mRNA levels
' in adhered monocytes and HL-60 cells.

90

95

97

99
101

104

106

109

113



© 3.13: RT-PCR analysis of IL-JRtl mRNA in THP-1
o 1
- 3.144-RT-PCR aulyss of IL-1RHI mRNA. in :
adhered monocytes. = o o 118
315 RT-PCR analysis of FL-{RED mRNA -
| | expresmn_m 'I_HPv_~1 cells treatf_:d with
e e
' 3.16: Bndonudlease restriction of the alternate |
| '_ IL-ARD PCR product. | o N ” 121 "
| 317RIAanalys:ls of cell associated and o | ..
~ secreted lirlf..’a'.protein iziPBNI_NCs.-_ L 123
318 Westem lotting and immunodetection of'
IL«lRtE protem in nonadherent lymphocytes, o127 |
3. 19 The eﬂ:'ect of dexamethascne on the | |
| express;on of IL-IRtI protem in I-II_.:-60 )
- cells. - o
| 3.20; The effect of PMA on the expressxon of
IL1Rd protein in HL60 cels. 132
3.2L 'Ihe expression of IL-1RI in THP-1 cells. | 133 |
3.22: The mmunopremmtanon and
unmunodetecnou of TL-1R{I protem in

adhered monocytes. o 136



3.23: 'Ih'e.effect of l}oﬁspeciﬁc biﬁdﬁ:g of
proteins by'the protein G - secondary
a.ntlbody eomplex on ihe 1mmun0precip1tatnon
| of lL-lRtII protein. 138
324 'Ihe. 1mmunoprec1pitatmn and mmunoblottmg

| of IL-IRtII pro‘oem in adhered monocytes. - 140 _' -



ABSTRACT -

| "I'.he_ - anumﬁammatory effects d_f .-_inIte'.rleuk_inA (IL-4) and the s_ynﬂi_etié "
glucocorticoid dexamet-hasone were s.tudied in adher.ed.monécytes and the

. letkaemic oclls HL-60 and THP- 1, with Tespect to the. expressmn of.
interleikin-18 (IL-18), the (signalling) TL-1 rex.‘.eptortype 1 (lL-‘.lRtI), andthe
. (mhlbltmy) L1 receptor type ki (IL-IRtIl) : |

L4 (10 ng/ml) and dexamethasone (100 nM) det:reaséd the gxpression oflL-
| 113 mRNA in monocytes as demonstrated usmg Northem blotting. The |
' antimﬂammato:y effects of L4 were demonstrated b} a RIA in mouocytes |
at the protein level, where IL-4 mhxblted the expression of IL-IB when tlus '
o expression was induced by bgctenal hpopolysacchandc (LPS) or IL-lﬂ_v. L

AR Was shown fo be cbnsﬁtutively expressed _in' monocytes _'a_nd HIL-60 cells
at the mRN A level as détérmined by reverse tfa_nscriptioﬁ - polymerase cham '
reaction (RT-PCR), The expression of IL-IRﬂE at the protein level was :
 demoastrated in theSé cell types. IL-4 (10 ng/ml, 24 hours) upreg‘_ﬁlated the
expression of IL-lRtI as dgtepnin«_ed by hnmunbpfécipitaﬁoﬂ and Westex_'n | |
blotting. Dift'e_reﬁtiatitm of tﬂe HL-60 cell line with-tuﬁmur prom_'o'tér, phorbol
- myﬁsti.c' acetate (PMA, 10 nM) for 24 houi; mducedan increase in the

~ expression -of LR in these ceHs This indicates that differenﬁétion of this
.hnmattu'e cell line towards a more macrbphage - like state induces an increase .

~ in the IL-1Rd.



1L-4 and dexamethasone upregulated the expression of IL-1RAI at the mRNA o

-ievel as demonsn'ated -uSing -RT-PCR- "Thus IL-4 and dexamethasone act as _. |

anmnﬂammatory agents, at least in part, by down regulanng the expressmn of

- IL-lB and by upregﬂanng the expresmon of the "deooy" IL-lRt]I whlch acts:

as a molecular trap for IL-IB In addition IL#‘.,Jd dexamethascne upregulaie: .
the express:on of IL-IRtI suggestmg that IL-4 and dexamethasone are not

':"purely ant:mﬂammator} agents, -



-, INTRODUCT!

| -I[:-l plays a vxtal role & m the :mmune and mflanunatoly respanses In contrast, |
the over producnon of L1 can have many deletcnous side effects (Dmarellu
1994). Itis ﬂ_mrefo_r_e important to regula.te_ the production and action of IL-1.
IL-I is mhxblted by speciﬁc inhibitbrs (eg. the IL-1 receptor antagonist (IL-
1ra) and by mh1'b1t0ry cytokmes (eg. IL-4) (Burger and Dayer 1995) The |

.actmn qlf 11 can aiso be regulated at the level of receptor binding and_ |

N mgnalhng (see SGCth]l 115 ) The two ]1,-1 receptors play different roles in the |

| _ regulatmn of 1'L»1 actxon. ILrI.RtI isa mgnallmg receptor and cells possessmg -
| _ﬁns receptor are responswe to TL~L JL-1RtIL is a nonsxgnalhng receptor -
lRtII acts as a molecular trap for II..-1 hmdmg free T-1 and thereby

' ;.prcwsntmg L1 from binding te the signa]]mg IL-IRtE Thus II.rlRtI[ is

- possibly anumque negauve regulator of IL-1 action {Colotta et al. 1993a\ The
 cytokine IL-4 possesses some antiinflammatory properties, while the synthetic
glucocbrticoid dexamethasoﬁe is uséd as an ﬁnﬁinﬂammatoxy agent. It is -
~ proposed that IL~4 and dexamethasone not (mly {nhibit IL-1 synthe51s, but that"
1hey upregulate the expres:non of the. AR "decoy" receptor (Banchereau_

.‘\\

etal 1994)

"Ihe major site nf IL-i praducnon is monocytic cells, and IL.-1 can act 111 an

endocrme, pamcnne, and autocrine manner on these cells ’Ihe prnduction_ '-



and regulation of IL-1 .an_d its receptors are discussed with .t_hse' emphasis on
cell.é fnvolved in the immune and inflammatory responses. The role of L1 in o
the leukaemic disease process s discussed,asthe leuknemic HL-60aad THP.-
-~ Leel Imes are used as models for normal penpheral blood monocytes, as
- pure populauons of monacytes are dlﬁ“imlt to. 1snla.te “The role of the
| autocrme stlmulati:m by IL-1 in th_e uncontrolled prohferatmn of leukaexmc .. |
) ] ceﬂs is also discussed, The effects of IL-4 and dexamethasone are ilﬁeStigated .
in these cell lines in order to. ascertam whether the regulanon of ]L-l |

: receptors is altered in ieukaemxc cells.

11 THE MONONUCLEAR PHAGOCYTE SYSTEM o
- The munonuclear phagocyte system (MPS) of cells mclude macrophages,
: monocytes and their precursor cells 'Ihe oells in the MPS play important '_

 roles in the normal funcnomng of the body, mcludmg, phagocytosis of dead. o

- or fo:clgn matenal (mcluding the destruction of bacterm_and some malignant
cel]s), anﬁgen p'rocéssing and pr‘eseﬁtﬁﬁon in imﬁmne restnses, participation
in the inflammatory response, and the regulation of vanous other cells also

mvelved in the defences of the body by the productmn of cytolﬂnes (Wemberg _
and Athens 1993) | |

The precursor cells of the mononuclear phagocyte syyiem reside in the bone
marrow Cells of the granulocyie lineage (ﬁeutroﬁﬂilé)-_ shate a cbmmon

precursor with ‘the monomiclear  phagocytes. “This common precursor



dlﬁerenuates towards macmphages under the mﬂuence of the glycoprotem' :
| 'growth fa,ctor macrophage colony sttmulatmg factor (M»CSF) in the bone'_

B marrow Granulocyte - colony snmulaung f-‘actor (G-CSF} causes the precursor |

to dﬁerentxate into granulocytes, and granulocyte macrophage - colony | |

' stlmulaung factor (GM-CSF) results in the dﬁerennanon of both granulocytes
- and macmphages (Wemberg and Athens 1993)

- The ﬁrst cell to be recogmsed in the mononudear phagocyte sysiem. is the | |
. monoblast, which resides solely in the bone marrow. The . mnnoblast |
' _-d1fferent1ates into the promonoqrte and then the moncicyte Monocytes are - )
.found in the bone marrow and in blood @ - 10 % of penpheral blood |
leukocytes) Monocyte muclei, whlch are centra]ly placed, are mal large and _
indented, Two or more micleoli can be seen in the nuc:leus, and the cytoplasm'
is ﬁ]led with small lysosomes Monocytes are motile when they adhere to
plastm and glass and ars able to phagocytose, therefore pseudopodw. are
visible (Wheater f al. 1987), |

Monocgtes are young cells in transit from the bone marrow to the tissues of
the body. Their half life in the vasciﬂar system is approximately 8,4 hours.
| After monc‘:cytes leave the blood they differentiate intb tissue maCroPhages,
- where they remain, Nearly half of all momcytes f.rom the blpod migrate into
' the liver ta beoome Kupffer cells. 'I‘lssue macrophages steadﬂy die in order to
'ac_commodate the oonsta_r_at influx of monocytes from the b_lood-(rewewed mz

Weinbers and Athens 1993).



- Monocyﬁ& c;-,ns communicate iwith themselves and other cells in the body by |
means of a system of chermical messengers called cytokiﬁes. Cytolunes regulate
| diversé functions in t_hé body, ﬁ_'om haemopoiesis to mﬂammatxonand the
immﬁhe.:espﬁnsle._ One ﬁf the kef-'cytdldncs involved m ihe_se 'p?oqes#es'is 1L N
.1. The IL-1 system consists of three polypepﬁdes,_ namély the twb agdnists_ll.—
1o and IL-18, and the antagonist, the 'IL-Ira.(Cari:nci otal 1992).

ILie snd ILA18 are two 17 kiloDzﬂtdn (kD) related polypeptide cyl:okmes -
(26 % amino ac:d se.quence homology) with a wide range of overlappmg
_ mmmologm and non-xmmmologlc funcuons (Canncl etal 1992 and Furutam B
1994) These two polypepudes represent separate gene products desp.te the
fact that they ha.ve such mmﬂar propemes and that thelr crystal structures are
similar (Canmn et aL 1992) It is thought that-au ancestral ]L-l gene

uuphcated approximately 350 mﬂhon years ago to produce these two forms of

1. -lra possibly originates from this ancestral gene (Dinarello 1994) Both
irle and I1.-18 are synthesized as 31 kDa precursor molecules called prolL-

1o ‘and prolL-18 respectively (Auron and Webb 1994).

It.h'as been .f(jund.'that 90 % of IL-1a produced by manom;clea'r.cells 18 cel_lﬂ
 associated and is ;aembrane bound, wl_;ﬂé 80 % of IL-18 i,mduced by
: mononuclear cells is -secreted into the e#tracellﬂlar medmm (I_onnemann et
al. 1989 and Canncl et al. 1992) Thus IL-lB is found m.amly in the blood, and
hence it is the IL-1 with the more profound systemlc effects.



1.3, INTERLEUKIN-1 GENE EXPRESSION ) |
Resting peripheral blood monocytes are stimulated during the 'i_i:lmune or
 inflammatory Tesponse to become "activated” monocytes by endogenous and
‘exogenous stimuli. This activation is immediate, as a rapid r_ésponse to
| _ infection or injury is reqﬁred. Activation i'ﬁvolve.s the decrease in trénscription
of certain genes, and the rapid (less than 15 minutes in some casgs) increase
“in the transcription of others.ﬁ Genes induced by the stimx_ﬂation of monocytes
by LPS include I1.-1e, II)-IB,'][L—B’, IL-6, and tumour necrosis factor a {TNFc),
IL-1 pfédu_ced by activated monocytes acts in an autocrine manner to maintain

 this activated state (reviewed in detail in Auron and Webb 1994).

13.1. INTERLEUKIN-18 GENE EXPRESSION |

The_IL-lB gene is an imniediate eﬁﬂy res;ionsé gene, which is transiently
expressed'. The IL-18 geme can be constitutively expressed in certain
péthoiogical states (see 1.7.). Induction of transeription causes an inerease m

the amount of IL-18 mRNA in the cell (Auron and Webb 1994),

The pi:oduction of TL~-18 is a tightly regulated affair, as TL-18 plays an
important role in many normal and disease processes. IL-18 praduction is
controlled at the pretransctriptional l_ével je. the signal for IL-18 ﬁroducﬁon_is
regulated. IL-18 production is also éontrolied at the trahscriptibnal level and
at the postranscriptional level, for example, the stability of TL-18 mRNA is
regulated, In addition IL-1B production is regulated at the translational level,

and at the post translational level due to postransiational modification and the



 regulation of secretion (reviewed i (Fenton et al. 1988 and Auron and Webb -

1994,

~ Various sﬁmuli induce '__in_creased amounts of. IL-IJ& mRNA in the cell,
- althongh -__ﬁot all of these stlmuh act in thesa.me way. The'tumoui'- ﬁmmotér
| PMA is a weaker Iin_duce:r of ﬁ;IBr tfamdripﬁan compared to LPS but srmilar __
| léi'rels of mRNA are fdund monocytes after stimulation. wnh ﬂ‘iese agcnts '
| because PMA mcreases the stabﬂzty of IIAB mRNA. 1t is therefore posmble | -
| _.that Il‘.-lB ttanscnptmn can be mduced by more than one mechanism (Auron | :

| .'and Webb 1994)

1311, THE PROIL-18 GENE'S UPSTREAM INDUCTION SEQUENCE
The transcnptmn of the IL~1.B gene is regulated by an induclble enhancer |
- element upstream from the transcnpnanal\ﬁtart site (position -3143 o -2729) .
: called the upstream induction sequenoe (Ui\§) (see ﬁgure L 1) (Anron aml |
: -.We‘bb 1994) - kS
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Figure 1.1 The proIL-lB gene, -

The prolL~18 gene showing the different reg:ons outhned i the text. Modificd fromAuron and
Webb 1994,

The UIS is divided into 8 regions (B to I} (see figure 1,2.3.), which are either
inhibitory or Stimulatnry with respeet to transcript_itm of the prolL~18 g_éne. | |
Region D to G i#-weakly transactivating, regioh I is strongly trﬁ_nsact.ivatiﬁ'g;
while region H inhibits induction of the gene, Regio_n B and C .'are not
required for the induction of the prolL-18 gene, but they synergise with the
D to G regions (Auron and Webb 1994), | |




Region E and I-biﬁd the basic zipper 'tfanscﬁption'factors (x'mcleai facwlfsj, |
- NE-IL§ s;n_d the cyclic_. adenosine 3'5-monophosphate (GAM_P) Tesponse
element bjnding protein (CREB), as 2 heterodimer. CREB is 'acﬁvated upon
phosphorylation of Serys; _(indu_céd by CAW).'The a_ctivé heterodimer is able
to transactivate the prélL- 18 gene. The phosphorylation of NF-—ILG and CREB
are essential for the activation of the heterodmler (see ﬁgure. 1.2.a) (Auron |
) and Webb 1094),

The muclear factor NF-kappaB (NFkB) associates with NFIL&, ‘thus
activating NF-IL6 by an vnknown mechanism. Tn addition a weak NF-IL6 sie __
may. require the binding of NF-kB adjaéent toitin ordér' to traﬁsactivate the
gene. NF-IIJS and NF-XB are not tissue specific factors, as NF-%B is present "
in many cell types. NF-kB pre-emsts in the cell in an inactive form assocxated
with the inhibitory molecule IB. NF-L6 is acitvated by phosphorylanon.
Phospho?\'lation of 1kB causes the dissociation of this inhibitor from NFkB
thus allowing the translocation of NF-KB into the nucteus. Consequently, NF-
~ 1L6 and NF-kB take 15 minutes or less to activate the proll~18 gene (Anron
and Webb 1994), |

Other factors involved in the induction of the prolL-1§ gene are the proteins
FOS and IUN which make up the AP-} factor (Muegge and Durum 17179).
FOS and JUN have to be synthesized by de novo protein synthesis, as they do
not exist in the cell as inactive factors prior to stimulation, Thus FOS and

JUN take approximately 60 mimutes to become active factors, and it is



therefore more likely that_ihey. are jnvolved with the sustained expression of

immediate response genes (Auron and Webb 1994).'__

| _ Annmﬂammatory qucocorucmds mhibit the mducnon of the prol'L-lB gene o

The synthetic glucomrtlcmd dexamethasone at concentrations of 5 x 107 M,

_ mh_lblts the induction of the prolL-18 gene by mﬂuencmg__ the D to G_a;nd the |

1 regioné' of the UIS. The"anﬁjnﬂammatmy cytokine IL-4 has been shown not
. toexert its effects (repreésmg:mlﬁ prﬁdﬁcﬁdﬂ) via thesé.tv'vo régibns (Auron
and ‘Webb 1994), but possibly a:fects other reglons of the promoter )

. (Donnelley et al. 1991), |

1.3.1.2. THE PROIL-18 GENE PROMO'IBR

The proIL-lB promoter lies betwe.en posmon 131 and +121n the gene In the

restmg state the promoter is repressed, and needs to be de-repressed in order o

to mitmte tmnscnptmn. The transeription factor Spi1 is essential in "relaxing L

this 'repressed state of the promoter, as it is the _factor that binds the TATA

‘box binding protein (TBP) which is important in iuitiating transcription (see
ﬁgu_re_ 1.2.b.). Since Spi-1 is a B cell and inyeloid specific fgctdr, it eoﬁ_fers
tissue speciﬁcity on the transcription of ihe proll-18 g_éne (Auron and Webb | |
1998) o - T o -

The prolL-~18 promoter possesses 4 Spi-1 activation domain which contains 2

TBP binding site. NF-IL6 may be important in de-repressing the promoter. It

is thought that the 'prombter' is repressed by the binding of inhibitory



. molecules to the TATA box, thus the TBP i is unable to bmd. Bmdmg of Spi-1-
and NF-IL6 may dmplace these inhibitory molecules and allow the ’I‘BP to Jom'
the transcnptlon imtlatmn complex. In addition, NF-kB may be ahle to bind

1o NF-IL6 and help to recrult“ the TBP (see ﬁgure 1 2D ) (Amen and Webb i o

1994)
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 Not only does the induction of the prolL-18 ge.ne depend on the UIS and |
-_regions in its promdter, but also on a rcgiém within the ﬁrst intﬁm 'The ﬁtst '
intron contains a "strong mlencer sequcnce“‘ sumlar to regwn H in the UIS

(Auron and Webb 1994)

132 INTERLEUKIN-l« GENE EXPRESSION N
'I'he dpproxlmately 12 kilobase {kb) IL-la: gene encodes for a 30 6 kDa (271'

'_ammo amds) precm'sor pratem called. prolL—lce (Furutam 1994)

o mmll.tnm
oty - _n RN

i

Figure 1.3, IL-1« mRNA and DNA mding regions
" From Furntani 1994. _



" The prolL-le gene contains 7 exons and 6 introps {zee figure 1.3.). Fxon 1is

: the 5 - .untranslated. region, Exons 2,3, ahd 4 code for the precursof segment,

) of 'pdeLFIa. Exons 5, 6, and 7 co_dé for the mature :_H._.-la protein. Exon 7 also-

contains a 3' - untranslated region (Furutani 1994)

The proiL-Io‘z géng has ﬁpstream from the transcriptional start site fegulatow _-
. eieﬁents which édnt_;roi_ the transcnptmn of the gene. Positive régulﬁtqu -

cleﬁaénts_reSide' between positions 47 and ~70, and between -7_(5 and _4103. -
i These two r'egions- are ﬂloﬁght to exert their inﬂuencé_tbrough NF-kB, as they
_c'o_rﬁain sequences 'homolbgous to NFkB binding sites. Negative reguiéto:v- :
elements reside between positions -103 and 875, and between -§75 and - 3600

upstream from the iranscriptional start site (Purutani 1994). -

The last in_t_ron int the prolL-la gene contains a sequence similar 'to_that'which :
 is able to bind the transcription factor Spi-1. In addition this intron contains

a glucocorticoid respﬂﬁse element (GRE) (Furutani 1994). -

1.4, POSTTRAMSCRIPTIONAL REGULATION OF INTERLEUKIN 1
A meéhanism to control IL-1 producﬁén post transeriptionally, is to control |
the stability of the 1Lt mRNA pi:ﬁduced. I-le and IL-16 rﬁRNAs_.hav'e
different stabilities, yet.they both have si'milat: AU-ﬁch 3; - untransiated
repiony, Thf:se regions ic'ausé the high turnover rate, and thus the éhort hélf— . |

life, of these two mRNA species "(Auron and Webb 1994). A short half-life for

| 13.. .



an mRNA species coding for a ?'traﬁsien{ly" prédﬁCed molecule s essentialin -
order to éfféCﬁvely ré_duoe_ the p_rbducﬁdn of that mbléﬁule. Smoe L-1e and )
I8 :ﬁRNAs do have differing half-lives, it could be that addiﬁoﬁal factois
B - control thezr stabxhty Dexamethasone and IL4 have been shown to mcrease_
| the brcakflown of IL-18 mRNA by destabﬂmmg it, whﬂe PMA increases H.rlB .
mRNA stabﬂlty {Auron and Webb 1994). I_)examethasone and IL-4 do it
o h};vé fhe same effeé,t.on IL-1o mRNA (Lee .et. al. 1988 and Donnelly et dl._ .
| o9, . . . . .

- I'Ihe.transcripﬁt_m and the_ translation of IL-1 are controlled sepafately. ’Ilus -

- can be Sgt}n_whe_n monocytes aré_ad};ered_ to plasﬁc. Adhereﬁce provides 't_he; ) _
stirnulus for .IL-1 tr#nscriptién, -which can be. .see'n 'i.:‘rbm'the increase in. -1 |
mRNA. The IL-l mRNA w111 not be translated however, unless the"' '
o monocytes are stlmUltcd io do so (Auron and Webb 1994) ”

15, PROCESSING AND SECRETION OF INTERLEUKIN 1

IL-1a and JL-18 are synthesized .as 31 kDa precursor polypeptides (proI_I.;-i;
and meL- IB) Whicﬁ have a 26 % émino’ acid seqhence homology (Rubarte]!i -
| et al. 1990) Whilst proiL-la isa fully active molecule, proIL-lB has almost
no actmty (Auron and Webb 1994)

" The two precursor molecules have no hydrophobic amino ~ terminal signal
p'eptide_ which allows the transfer of the protein across the rongh endoplasmic .

| 14



reﬁculam membane (Rubartelli ef af.-. 199ﬁ) 'I‘husl the mature farma are nof |
secreted via the classn,al secretnry pathway ie. they are not prooessed in the |
rouga endoplasmlc retlculum, and do not pass ‘dlrough the Golg1 apparatus o |
IL-1 (mostly Ib-lﬁ) is protected- from protease digestion (Rubartelli et al |

| 1996)_by- trypsin - resiataﬁt«?esialas which enclds_e ihg -1 in the cytosol. itis
thonght that praoessiﬁg may obcu‘f_udthir_i these vesicles (Cari~-.. 2t al. 1992). -
| .'Tﬁe' compartmeﬁtaﬁzaﬁon of IL—lB may functxon to 'separata IL-IB&om I{Fﬂ

receptor, thus preventmg uncontrolied autcsﬁmulauon wntbm the oeII o
(Rubartelh et al. 1990). R -

Processmg of prolL-lcz and meL-IB into tha mature 17 kDa p( ypepudes_

mvolves the cleavage, by Spemﬁc intracellular oonvertases, of ﬂze am,mo -

ter minal of the prealrsor molecules -leawng the carboxy - terminal to form the
mature peptide (Carinci ef 4l 1992). The processing of prolL-18 is achieved
| by the.. interlenkin 1 converting enzyme (ICE),. w'hich. cleaﬁes the 31 kDa
precursor at Asp™S-Ala™ 1o produce the mature protaix_l (Kostura ef al. 1989).
ICE is not fesponsible for the processing of proIL-ia (Auron and Webb-.
1994). Tﬁe ICE holoenzyme consists of a piO subunit associated witha p20
{or p22) catalytic subunit (Miller et al -19.93).. ICE gene is lacated_ on
chromosome 1123 which is a band on the chrdmosomé often associated with
rearrangements resulting m many cancers such as Ieukaeaiia.'l.t'i.a conoefvable :
that altered e’xpr-essiba of ICE coﬁl.d- contribute to the leukaemic diseaSe
pmoess.(Cerratti' ef al. 1992), especially as some leukaemias exhibit altered

paﬂ:éms of IL-1 expressibn, for example, IL-1 acts as an autocrine and

15



paracrine growth factor in some leukaemias (Dinareilo 1993a). In some cells
(for example neurons) overexptessmn of iCE leads to programmed ce]l death L
| (Mmra et a. 1993 and Bannaga 1994) | |

 The dagree of d:fferennation 0f a cell Tine mﬂuenoes the synthesis and ¥

pmcessmg of IL-1a and ]L-lB Adhemnce of peripheral blood manocytes to
plastic for 10 hours reduces the processing of IL—I although the cel]s are sﬁll

morphologma]ly similar to monocytes at ﬂns sfage I addmon, it has been :

shown that alveolar, breast, and mﬂannnatory maarophages secrete fess IL-1 -

compared to less differentiated penpheral blood monocytes. The IL-18 mRNA -

leve.ls are oomparable in both cell types (C*annct et al. 1992)

'I‘he pmcessmg and secretion of IL-loe and JL-1 B are mdepcndcnt events as

Ii-le is seersted into the extracelluar medmm up to 12 hours after IL-58 -

. .(Canncietal 1992).Inm0n0nucl_ear cells IL-1a levels are at their hlghes_tﬁ' R

hours after stimmlation with LPS, whilst IL-18 levels peak at 12 1o 16 hours
po'st' LPS stimulation. Proll-18 is mainly cytosolic, whereas promia is '_ N
membrane associated and is able to bind the IL-1RtI (Lonnemann ef al. 1989).

1.6. BIOLOGICAL PROPERTIES OF INVERLEUKIN-1
IL-1 plays a vital role in inflammation and the immume response, Over
production of IL-1 can have deleterious eﬁects 1951 was known bya - _-
' vaﬁety of names because of its many roles in inflammation and unmnmy (gg.

-
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lymphocyte-activating factor, endogenous _pj«rég;en, leucocyte endogenous' .
mediator, ostguclasteactivating factor, B cell-stimulatory factor, catabolin,

haemopoietin-1, and proteolyéis-iuduci_ng factor) 'before'it became appérent

| that all these molecules were in fact IL~1 (Mo]ioy et al. 1993). It is now known

that 11.-1 plays a vital role in many local and systemm events.'Systemicaliy L1
is involved. in the acute phase. response é.ud fever. Locally TL-1 induces the
expression df many genes-sﬁch as chamokiﬁes (eg. IL-B) and enzymes involved -
in the synthesis of prostaglandins (PG), leukotrienes (LT) and nitric oxide
(Diﬁarello and Wolff 1993). TL-1 also inhibits the expression of certain geﬁes,

for example the genes for albumin, cytochrome P450, and aromatase
(Dinarello 1994). - | | | | )

IL-1 plays a vital role on the Tesponse to injury and infection (Molloy 1993),
IL-1 has been implicated in the development of the systemic inflammatory

response syndrome (SIRS) (Dinareilo 1994a) in which the activation of cells

it the mononuclear phagocyte system play an important role, IL-1 works in | |

concert with tumour necrosis factor a ('I'NFa) in producing these symptoms

in an autocrine, paracrine, or endocrine manner (Molloy ef al 1993). In

animal models L1 induces fever, sleepiness, and anorexia. = High

concentrations of IL-1 (100 ng/kg) induces hypotension which is due to an

increase in potent vasodilators such as platelet activating factor and

cyclouxygenase products by increasing the expression of enzymes involved in
PG, LT, and nitric oxide synthesis (Dinarello and Wolff 1993).




%
o

193] increases the expression of endothelial cell adhesion moleﬁiles and
chemotactic chemokines which i:idpccs the .adhesigﬁ and migfgtion of
leucocytes to i)oints of injury (Di_xiare_llo 1994). Endﬁthelial cells also respond
to IL-1 by incressing their procoagulant activity (Dinarello 1994),

IL-1 has many deleterious effects when overproduced, for example, I~1 is
catabolic and contributes (with TNFa) to a decreasé in body mass and
hypoglycaemia (Dinarello 1994). TL-1 has been implicated in joint diseases
like rheumatoid arthritis (Dinarello and Wolff 1993), L1 is cytotoxic

 (possibly cansing programmed cell death) to the insulin producing B-cells of -

thé isi_ets of Langerhans (Dinarelio 1994), II;}-I can lead to diseases such as - |

scleroderma, where JL~1 increases collagen synihesis in fibroblasts (_Kawaquchi o
etal 1993), | |

IL-1 has potent effects on the central nervous system (CNS) either directly or
indiré.ctly by affecting .the 'proﬁuction of other factors, YL~1 acts as an
endogenous pyrogen, induces slow wave sleep, and causes a decrease in rapid
eye movement in animals, Other endogenous pyrogens include TNFe, IL-6,
and interferon o (IFNaz)._ IL-1 induces behavioral changes in rats @ossibly
mediated by IL-6), such a5 & decrease in interest m their enviroﬁnient and

sleepiness (Dinarello 1994).

IL-1 has direct and indirect (mediated by other factors) effects on the

hypothalamus, the pituitary, and the ‘adrenal glands. IL~1 increases the
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production of corticotrophin releasing factor, adrenocorticotrophic hormone

(ACTH) (Molloy et al. 1993), endorphﬁxs, vasopressin, and somatostatin, but

- decreases the release of prolactin, and lutenizing hmmoﬁe. The corticosteroids
mduced by IL-1 act ina negatwe feedback Joop to inh1b1t the productl(m of
. .lI..-l (Dmarello 1994).

Hepatocytes respond to IL-1 by increasing the synt]iesi'éﬁ' of - acute lphasé

reactants. IL-1 increas_e.s the h_epatic'synthesis of fibrino'_ge_ﬁ,'complement

components, and ottmg factors, whilst decreasing the production of albunun,
cytochromes, transfernn, and 11popmteu1 hpase (Dmarello 1994),

IL-1 acts as & growth factor for some cells, fo:' example for ﬁbroblasts and
certain tumour cells, TL~1 may be actmg asan autocrme growth factor in these
cases. Other growth factors, suc_h as platelet denved growth factor (PDGF) are
réquired‘ to prbduoe proliferation 111 these cells but IL~1 initiates thé process
of proliferation. IL-1 acts in concert with various growth factors during

haematopoiesis as IL-1 alone has little effect on haematopoiesis. Here IL-1

- synergises with colony stimulating factors to regulate the cell cycle of early

progenitor cells, IL-1 increases the synthesis of GM-CSF, G-CSF, M-CSF, and
I.-3, and together they direct a progenitor cell towards a particular cell
lineage. In addition TL-1 increases a cell’s responsixieness' to CSFs-and

increases the half-life of GM-CSF mRNA (Dinarello 1994a).



IL-1 is an activator of lymphocytes, where 1t acts.as.a heiper cyl:o}une IL2 _
. and IE-4 are "n'ue" T cell activators for T helpér«l and T helper-2 ce]l#
respecuvely The more matu:e the T cell (after the acqulsmon of the T cell |
receptor (TCR) the less responsive these oells beoome to 1L-1. Immature T |
cells in the thymus respond to IL-1 in the presence of IL-6. JL-1 and IL-6
-synerglse to produce IL-2 which then activates T cells. IL-1 on its own is
capablc.nf_ inducing thg production of IL-4 by T cells, IL4 thén acts to induce
proliferation. IL-1 acts as a helper cytokine, together w1th -4, in the
activation of B cells. IL-1 also synergises with IL-6 in B cell activation
(Divarello 1994). -

1.7 INTERLEUKIN-I AND LEUKAEMIA

Leukaemias can be divided mto two groups, namely myeloid a::& lymphoid
leukaemias. These can be fu.rther divided into acute and chronic subgroups,
depending on the course of the disease. A genetic event inducing a leuké.emic
‘state ocours in a haemopoietic progenitor cell in the bone marrow, resulting
in progeﬁﬁr which have a block in differentiation, and thus are unable to
mature fully. The leukaemogenic event usually occurs in a single eel], resxﬂﬁﬁg
in monoclonal progeny. TheSe monocloﬁa.l celis havé\ a grdwth advantage over |

‘the haemopoietic cells, eventually dominating the bone warrow and the blood.

A growth advantage results from the autocrine stimulation of these oe]ls by -

growth factors. Thus proliferation has been unconpled from differentiation,

The degree of differentiation correlates with the clinical course of the disease
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‘as thé' ieﬁkaemic ée]i .proﬁfefates 10 a greater §x-tent_ thaﬁ its normal
- countexpaﬂ (reviewed in Sulhvan 1'993)? It can happén that the genetic event |
 heralding a leukaemic cha'ixge ina progenitﬁr cell churs bgfd'rc the ¢ell has
_been committed to the mjréloid or lymphoid lineageﬁt- "’Ihus the resultihg
leukaen:uc cells express some of the makers found on lymphmd and myelmd

| _ceiis (Komada et al. 1993) .

* The development of leukaemia is & "multi-step" process. Carcinogenesis )
develops in 3 stages; initiation, promotion, and progression. Different

carcinogens act at - different stages in 'the -develo;m_ient -of_ caticer.

Carcinogenesis usua]ly starts with a genetic event, altermg the DNA of the = |

- cells, allowing the cell to overcome the controls on rephcanon Addmonal |
stimuli are _often_ reqmred to -promote the .devclopmeut_ qf Cancer, -
Protooncogenes, rea_uired for the normal control of replication and cell cycling
in the cell, can be affected during carcinogenesis converting them ‘into
onodgenes.' Oncogenes produce ' allte.red products, or the over- or
underexpression of their products, for example promyelocytic HL-60 cells

and;
overexpress the oncogene c-myc,,\lack p53 (Sulhvan 1993).

Thé growth of the Iﬁu.’caem'ig.'clone is often induced by endogeﬁbusly.
| synt'hesiéed growth factors. One Sucli-groﬁh factor is TL-18 (Estrov 1993a), | |
| whiqh is comstitutively expressed in acute ﬁijelogenous leukaemia (AML) blast
cells (Murohashi ef al, 1989). IL-1 in turn induces the expression of GM-CSF-
in AML, which then acts as za autocrine growth factor. IL-1 also induces
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accessory cells to secfgte growth factors in AML, which then act in a paracring |
. 'ma.nnei' (Oster et al. 19'89)._ I_-Ieré -1 ;jled_ia_t_es growth thr0ﬂgh o_ﬂie} growth |
' factoré such ﬁs GM-.CSF. Evideme of this is seen when IL-i is added to éells
in the presenoe of anu-GM-CSF resultmg in the mhlbmon of cellular '
prohferauon (Carter et al. 1992). | |

In chironic myelogenous leukaemia (CML) (Specchia ef al. 1992), B-cell-type
" chronic lymphiocytic lenkaemia (B-CLL) (Dazzi ef al. 1995), and adult T-cell

leukaemia (ATL) (Mori ef al 1995) IL-18 is constitutively produced, The =

growth of the CML blast cell is inhibited by the addition of neutralising
" antibodies directed against IL-18. I the CML blasts, IL-18 upregulates CSF
| receptors (Hestdal ef al. 1994) and in add_itién mduces the i‘elease.of' these |
growth factors '.ﬁ.'Oﬂ.l ._ao;:essory cells in the bone marrow stroma. Thus TL-18

provides the growth advantage of the leukaenﬁé cell by autocrine and

 paracrine suxmﬂatzon. In order to mh1b1t the prohferation of these CML

- blasts, thls growth - loop needs to be mterrupted ‘Thus a nov-e.l thera;r_f for '
CML could involye the administering of ILf-ira, soluble IL-1 re¢eptors, or of
L4 -which has been shown to inhibit the pm_ductim in IL-18 in CML cells
(Est_rov 19935). IL~4 has also'-been shown to inhibit the production ofIL—IB
in B-CLL (Dazﬁi ;et'.a.’. 1995) ai_ld in ALY .(Mqri_ et al. 1995).

Ak:ute lymphocytic leukdemic (AIL}' cells of the B cell lineage also proliferate
in response to IL-1. Here IL-1e has been implicated. ALL cells express IL-1o
mRNA constitutively, Neutralizing autill-le antibodies inhibited the



spbﬁtaneous proliferatio;i of these cells thus ihdica_ting that IL-1a sﬁmuiated :
the cells in an autocrine fashion (Mori ef ol 1994). |

Spontanenus -1 and TNFa: ptoducuon has a]so been found in AML cells -
(Mori et i, 1994, Catter ef al. 1992). Although e expresmon is Iackmg o

 these cell (Ferran et al 1993)

) Since.II.;-l has been shown to iﬁducé'thé prohferatlon of leukaemic cells, the .
inhibi_fion or blacking of IL-1 might be usefol in the treatment of these
diseases. Various IL1 inhibitory molectles have been identified, namely the
_ IL-lra, soluble Hfl-receptors,ﬁ‘ijg}tt, and ICE inhibitors (Estrov et al. 1993b) |
(see section 1.15. for more on ant?.igonmng IL-1). It must be noted.that inthe
majority of cases I 1 stlmulated proliferatioﬁ in leukaemic cells, although it

- hag been found that some cell lines do not re3pond to IL-1 (Fulmda et al
1993). - |

TL-1 often works in convert with TNFo to procuce some of its biological
effects in leukaemla. TNFa and IL~1 work in synergy to indnce proliferation, |
by the mductlon of GM—CSF in those cells capablfa of synthesmmg GM-CSF,
TNFu also increases the production of 1L-1 by the cells (Carter et al. 1992).

IL-1 and TNFa have been shown 1o protect haemopoietic cells from the
‘radiation and cytotoxic drugs used in conventional cancer therapy. As these |

modes of therépy can lead to lethal bone marrow suppression, ag_ents must be
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_f_qund_td protect the normal cells in the bdne marrow, JL~1 and TNFg pfotecf '
no_nﬁal “haemopoietic precursors  from  the 'cytoto_xic drﬁg' 4-
hydroper_dxycyclophosphamide (&HC) but do not prof_éct AML cells from _ﬂm_
same drug, Unfortunafely IL-1 and TNFo .are ot always selective in their
protectibil of normal cells, as they have-aiso beén found to protect a human

‘melanoma cell from Icthal irradiation (Moreb and Zucali 1992).

1.8, CYTOKINE RECEPTORS - |
Cytoklnes act oﬁ a cell by mducmgthe transcription of various genes (Mﬁe_gge |
and Durum 1989). Cytokines {»xtracellular signals) co_nvey messages wa highly
spec'iﬁc. iﬁémbrane bound'-tccei:tors. The receptofs in turn activate 'Sécond
_. mé'ss'eng'ers. wﬁhm the c¢11, .Who._ise end result is to activate transcription factors
‘which then alter the franscription of speciﬁc "genas. Thus the receptors for.
these cytokines are the vital link between extracellular and intracellular
commuication systems. It is at this point that a high degree'of. specificity s
conferred oﬁ the system, as well as an opportunity to regulate the effect of_

these potent extracellular messengers (Foxwell et al. 1992).

The Cﬁohne receptors are . complex g’rbup of ﬁanémembrane receptors,
consisting of extracellular ligand binding domains, transmemibrane portions,
 and intracellular or cytosolic domains (reviewed by Foxwell ef al. 1992). These
 cell surface receptors are usnally expressed in low numbers depending on the '_

cell type (from a few to a few thousaud)‘ Often, for the receptor (eg. the IL-6
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receptor) to funétion, it requires & receptoi'-aséociated molecule (eg. GP130), ._ L

which stabilizes the ligand-receptor binding (Taga and Kishimot_q 1993). Their
mecha.nisms of signal transduction are also complex, and in fnqst cases have

- not been ﬁﬂly-'elﬁﬁdated '_It has._be_en _de_l_nonstrated that many cytolune |
receptors share signal transduction molécul‘es, and thét maﬁy éﬁdplasxﬁic
.' kma.ses a.re able to substitute for one another durmg s:gnal transductmn
. (Foxwe]l etal 1992).

_ Cytokine receptors can be: diviﬁed into 3 families, Mely, the haemnpoietid
growth factor receptor (HGFR) family, the nerve growth factor famﬂy or the
_ tunmur necrosis factor receptor (’INFR) famlly, and ﬂle nnnmnoglobuhn |
su_perg_e:;e receptor (Iz-R) family, Not all the receptors fm_md in these farnilies |
are cytokine receptors end most 6f. thé ﬁgands are not cytoiﬁnes (FoxWell e

al. 1992).

1.8.1 THE HAEMOPOIETIC GROWTH FACTOR RECEPTOR FAMILY
Cytokines such as IL-2, IL3, IL4, IL5, IL7, and GM-CSF have receptors

which belong ta the HGFR family of receptors. Characteristics of this famﬂy |
include: (1) -cons__efved_ cysteine residues 111 their extraceﬂuiar'domains; (2)
their intracellular doi:pains lack kinase activity; (3) they generally biﬁ& ﬂnly.
" one ligand; (4) they usually have high and low aﬁmty binding sues, and 5) |
many require receptor#associated molecules _fzorl high affinity b'.inding of ligand
(figure 14.) (Foxwell ef al. 1992). o



" An example from the HGFR family i the receptor for T4, which is 2 140

| kD3 cell su:rface receptor m;h:.bitmg smgle high afﬁmty bmdmg snes for 1ts |

. hgan_d, IL-4._ A soluble IL-4 receptor has been detected in murine tissue fluids, |
but no soluble form has been detected in humans (Foxwell of al. 1992).

182, THE TUMOUR NECROSIS FACTOR RECEPTOR FAMILY
| The members of this faxmly have receptors whxch are simﬂar to the two

 réceptors for TNFa and 'INFB. Bmding of a hgand (or multrple ligands)

| results 1n_the aggregation’ of multiple recepiors chains on the oell surface.
.Mﬂltiple ligands can bind a reééptor iﬁ'this famﬂy, for .examPl.e TNFa bmds _
s receptar as a truner ’I!us is unlﬂce the lxgands for the HOFR famﬂy, where_ o

. ouly single hgands biad their receptrs (Foxwell ad 192,

1. 8 3 THE IMWJNOGLOBULIN S{deGENE RECEPTOR FAM]LY
The members of this family include the. receptors for 01, umuhn, and msuhn—

:.\

. the mxﬂunoglobuhn-ﬁke domains present in the extraoellular domains (see

factor (IGF), to name & few Charactensur of these re.oeptors ate

figure 1.4.). Many of the receptors have intracellular domams which have
tyrosine kmase actmty except the IL-i receptors (Foxwell er aI. 1992)
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1.9, INTERLEUKIN-1 RECEPTORS

19.1. DISCOVERY OF TI-IE RECEPTORS FOR INTERLEUKIN-L
It was found that Ol and IL-;&B bound to the same re.ceptor, wh1ch wasto
be expected as thcse two polypepudes have sumlar blologmal actmnes. ""lns _
receptor which was found 1o occur on T lymphocytes and ﬂbroblasts

) consisted of a single 80 kDa transmemb:ane g_l_ycoprotem. By 1989; Sims et al,

thad .élonéd_ aqd .s_equencé'd this 80 kDa IL-1 recé_pt'o:' found oﬁ T cells. The
cell line used to .ger_ieraté a cDNA probe for the humanIL-iR was the mouse

ﬂ1ymoma ceil line, EL4 6.1, which expresses very high numbets (up tﬁ 10 000

| reoeptnrs per cell) of the IL-IR The murme and human T cell IL-IR share

a high degree of homology (69 % amino acid identity) (Slms et al. 1989 and o

| Sola.n-1990).

me the Sequenoe generated it was concluded that the T cell IL-1R (now_ |
known :\.s the IL-IRtI) consxsted of an- extracellular domain (ligand binding
segment), a transmembrane_seg_ment, and a cytoplasmlc domam consisting of
215 amino acids. At this stage it was kqown that IL-1 binding to its réceptor
on T cells did not caﬁse the breakdown of phosphatidylinosi_tol, nor an
inoreaSe m intracellutar .calf:i'mﬁ conoentrations. The only effect of Hg#nd
binding apreared to be the phosphorylatidn of certain prdtéins, ‘but the
sigﬁiﬁcaﬁoe of this was'jnot_knde, as the receptor itself #ppéared not to
_function_ as a kinase. It was also noted that the ligand receptof complex was

internalized, and was detected in the nuelens, but the functional importance

28



of this event is still to be determined (Sims ef 4. 1989).

It was later discovered that 4 smaller receptor for II,«-l was expressed on B.
lymphocytes (revlewed by Solari 1990) This 60 kDa receptur (now kaown as

the IL~1RtII) was found to be antigenically distinct from the 1L-1Rs found on .
T cells (Savage etal 1989), and that it bound IL-18 with a higher affinity than
| T-le. n addmon 1t was noted that the IL-lRtIi was mcapabh= of receptor' |
medlated endncytosxs unlike I[riRtI

It was still unclear at this stage, if the 80 kDa receptor and the 60 kDa
réccptor bmmd IL-1asa héterodimer‘, if they were séparate gene' productsf_ '
| _ot‘lif. there was pqsﬁransl_ationa_l; modification of a single gene, and if the'.
difference in molecular massés was simply d_ué to differences in the degree of

glycosylation,

192. ILIRI AND I DO NOT BIND INTERLEUKIN-I AS A
HETERODIMER |
In 1993, Slack et al atfempted to determine if a functional TL-IR unit was
comprised of an IL-1RtI / TL~-1RtIT heterudimer in a similar fashion as the I~
2 receptor. The heterodimér theory was supported by the fact that both
TeceMor types can be expressed on one cell, and that the polypeptide
 structures of the two 1'cceptor§ are similar to receptors which form multiple
chains n order to bind their ligand. In addition it could not be shown that the

IL-1R{II was able to signal across the cell membrave, The hypothesis was put |
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 forward that the IL-1R+I1 was required to enlhance the binding of IL-1 or that
the type I receptor "delivered” IL-1 1o the fliﬁctional IL-1RtI. | |

| Slack et al. -ooncluded from conipeﬁt‘on aod' diséooféﬁon stod'ios, fhat neither

!L-la nor IL-IB could bmd IL-1R4 and 1 mmlﬂtaneously The two receptors

fnncuoned mdependently of each other and did not form heterodimers. No
_hgand induced aggregation of the two IL-1Rs was found |

193, IL-1Rl AND TI ARISE FROM TWO SEPARATE GENES =
Monoclonal ahd polyclooal onﬁboéies directed agoinst IL-1R type I-ﬁvere 'ahl'e
 to block the binding of [21]-IL-18 to the receptors oo T cells, bj:f were uoable
to block the binding of the labelied II-.-_iB {0 the TL-1Rs found on bone
- masrow cells, pre-B cells, and on ma'croohago.' cell lines which expfeés-zd- _
. maanly IL-1RtIL The mRNA for IL-IRtI found in the T cells and ﬁbroblasts_
were identical, but that the mRNA encoding the IR in pre-B cells and
macrophages was not the same species. From the aoove data they _concloded | :
that the IL-1RtI and If were the resuit of the expression of two separate gé.nes
(Chizzonite ef al. 1989). It is thought that the two genes for IL-1RH and Il are
derived from a cormnoo ancestor, as the genes have o 28 % amino acid
| sequence homology, and the introns in their extracellular domains are in -

identical positions (Sims ef al, 1994b).
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_1.9 4. IL-lRtI AND Ii CAN BE EXPRBSSED IN TI-IE SAMZE CEI.L

It was thought that IL»lRtI wah not expressed on B cells, where only the IL-_ .
IRﬂ‘I was detected In 1990, Benjamm and Dawer showed that the human B
Iymphoblastoid cell line, enz\a which had been transformed by the Epstein

- Barr v:rus (EBV), expressed bonh IL-IR types Benja.mm and Dower described
~ thisasan ‘ﬁnappropnate" expressmn of the IL-1R{ due to the .ransformaﬂon |

of the cell line by the EBV.

In 1991, McMshan e al clonsd the 60 KDa ILIRMI fiom the EBV |
“transformed CB23 cell Ime and found that it was expressed in many different |
cell types. The B lymphoblash_qd cells were found fo express both IL-lRtI_ and
I IL-1RHT was described as baving an extraqguula;- domain, which bound IL-

| 1, with three immunoglobulin-like domains, a single transmembrane section,

and a short cytoplasmic region of 29 amino acids.

IL- 1Rt was found not to _éignal in haemopoietic bone marrow éells._ Specific
monbclo_nal antibodies against IL-IRtI and I were used to block either the
IL-1RH or I, It was shown that an antibody directed against the IL-IRil
blocked the action of JL-1 on haematopoieﬁé.érogeﬁim cells, An antibody
dlrected against the IL-1R{IL, however, did not block the acnon of IL~1 on
these cells (Hestdal et al. 1994) | |
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1.10 BINDING PROPERTIES OF IL-1Rtl AND n |
The three polypeptides whxch make up the IL~1 family, namely, 11:-1«, IL-lﬁ
and IL-lr_a, ‘bind the two IL-1Rs th_h different aﬁ'uuﬁe& IL-1e and B are.-
agomsts, while the IL~1ra antagonises II.A, as binding of iL-iradoes ndt .

activate the cells. IL-la and 8 compete for receptor binding, but IL-1a binds

1o the IL-IR( with & higher affnity than TL-18, L~18 binds to the IL-IR¢IX

with a higher affinity than JL-1a (Stoppaceiaro ef al 1991). IL-1Ra has a

" higher affipity for the IL-IRMI than for IL-IRAII (Sims and Dower 1994).
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Figure 1.5, Relailve binding affinities of lL-lu, 118, and Il.-lm to IL-IRﬂ and I!
- Modified from Sims and Dower 1994a. _
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The sife on the human IL-1RtI which is ﬁeeded to bind ﬁala and I-18 lies -
_ ét amino - aci_ds .86 - 93 (Tanihata et ah _1992’). A synthetic peptide-
| corresponding to these ammo acids wa.é synthesized, 'I'his peptide‘ blocked the
action of IL-1 on the celis both in vz’tm and in vivo, Tamhara et dal. (1992)-

pmpose this to be a new strategy to mhxblt IL-I’s action in dlsease

111, CHROMOSOMAL LOCATION OF THE IL-IRtI AND IL-IR¢T GENES

~Both IL-1R genes have been conserved during evolution, as molecules similar

* to the IL-1RY and JI can be found in most eukaryotes, It has beon sugaested
- that at the time of the develspment of mamma]s, the ancestral I[.rlR gene
_duphcated (McMaban et aI. 1991) |

Tlle. IL-lRtI and I genes map | to the sﬁme chromoSomal location, on
; chromosome 2 (Copeland et al. 1991), The TL-IRI gene is located on the'
long arm of .chrémosome 2, in the position _.2q12..—' 2q22 (McMahau et al
1991), and the IL-IR1I gene maps to 2q12. Interestingly, the IL-1a and TL-18
genes are located in the same region (2q13 - 2q21) It is unusual for a
*hormone" and it’s receptor to maintain their linkage, Anpthér example of this
phendménon is the d-‘alony stimulating factor - 1 gene (CSF-1) which mdes for
macrophage - CSF, and its rcoéﬁto‘r, -CSF-lR or ¢-fins, Both these geﬁes, in

hitmans, map 10 the long arm of chromosome § (Copeland et al 1991).
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1.12. IL-IRtI AND II TISSUE DISTRIBUI‘ION

Al TL-1 responsive cells express IL-1RtI (Slms and Dower 1994), and often

- IL-1RtI and IT are oaexpressed in & cell, Monocytes, B cells, neutrophils, and

bone marrow cells express the IL-J.RtII on then' surfaces (McKean et aI. 11993,

Monocytes express both receptors, although the myclogenous leukaermia cel

line THP-1 _expresses both_ mRNA species, bu_t only .the IL-1R{ can _be -

" detected on the surface of the cell (Akeson et al. 1992). T cells and fibroblasts

classically exp:ess'IL-lRtI, althoﬁgh they also express IL-LRHIL Murine T

helper-2 cells express both IL-1RtI and I constitutively at the mRNA and

~ protein level (McKean ef al. 1993). In this murine model it was found that the ~

protiferation of the T helper-2 cells was ﬁgxediated_ through the TL~-1R4I and ot
through the TL-IRHY, | - o

Certain cells, such as endothelial cells, smooth muscle cells, and mesothelial

cells only express IL-1R{I (Colotia aﬁd Montovani 1994). Endothelisl cells are
an important té.r_ge.t for circulating ILA, andIL—] has many e_ffects .dn the
activity of thése cells (see section 1.6.), especiallj in relation to the
extravasation of leucocytes to site of inflammation, Human umbiliéaﬂ cord
endothelial cells (HUVEC) 'expréss 1000 - 3000 IL-1 type Ireceptors. IL-IRtI |

 cannot be detected in HUVEC (Colotta ef al. 1993b) and in human aortic

 endothelial cell (Akeson ef al. 1992). IL-IRHII cannot be induced in HUVECs

by IL-4. In contrast IL-4 increases IL-1R{IX expression in neutrophils,

- 'When the immuze system is activated the surological and endocrine systems
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are also affected. Interestingly, Cunningham ef al. 1993 found that only IL-
1Rt mRNA and prot;in was expressed in certain parts of the brain and
éndocr_ine brgans. | .

IL-1o stimulates haemopoietic cells ‘throﬁgh IL-1Rtl, aithough both recepfor
types are expressed on haemOpoiefic' boﬁe marrow cells. . Epithelial cells |
| express low levels of IL-1Rt}, and can be induced to express h1gh IeveIs of IL-
1RAT (Groves et al 1995). |

113, INTERLEUKIN-1 SIGNAL TRANSDUCTION

"There.are many known biological effects of IL-1, but the sigoal transduction
mechanisths underlyiﬁg these effects are not well understood. The first st'ep |
i the signal transduction of [L-1, s the binding of IL-1 to the 80kDa IL-IR,
as the IL-lRtII does not .signal_(HeStdal ot al 1994). Many second'ﬁessengem '
have been implicated in the signal ’tf#nscluction of IL-1, "although often |
different results have been obtained depending on the cell type invesngated |
Some of these second messengers include, cAMP PGE,, dlacylglyceml
(DAG), ceramide, and nitric oxide. Many enzymies, mainly protein kinases,
have been implicated in IL-1 signal transduction, including, protein kinase A
(PY.A), PKCB, MAP kinase, MAP kinase }dnaée, beta casein kinase, terSiﬁe
kinase (i]:lle ei al. 1994), protein phosphatase.s,_ ni&ic oxide synthase, and
-sﬁhingnmyelinase. The end point of these pathways are the transcription
factors, such as, NF-kB, Af-l,‘ and NF-IL6 (reﬁéwed in Rosoff 1990 and
Bfooks and Mizel 1994).
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Guanme nucleohde-bmding regulatory protems (G pmtews) in the cell '

| membrane activate adenylyl cyclase, and as IL-1 activates adenylyl cyclase., vt '

is thought that IL-l may act through a G protein {(O’'Neill 1992 and Brooks

and Mizel 1994),

cAMP is a second messenger mvulved in the signal transduction of many

hormones, and is implicated in*»..: jignal transduction of IL-1. Increases in-

¢cAMP lead to the activation of the cAMP dependant kinase PKA. In

fibroblasts cAMP has been shown to be an important component of the signal
-transduction pafhway for IL-1, 011 the othef hand, the action of IL«i on the

erythroleukaem cell line, EIA - hibited by the addition of cAMP. Thus
the role of GAMP in the s:gnal trwmductmn of ]L-l is not clear (Brooks and
Mizel 1994),

A ma]or class of second messengers are the lipid second messengers. It has
been shown that IL-1 induces PGE; and éyclnmryge;nase synthesis. IL~1
incre#ses DAG levels in the cell (eg. monocytes), and this DAG could be
derived from phosphatidylcholine or phosphatidylethanolamine (Rossoff 1550).
IL-1 also increases phosphatidic acid, which could be converted to DAG.
Ceramide is the breakdown product of sphingomyelin when acted on by
sphingomyelinase. Ceramide could also be a source of DAG, as IL-1

stimulation mduces an iucrease in ceramide levels in the cell. The DAG |
produced may then act on PKC (Brooks and Mizel 1994). |
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IL-1 has been shown to induce the production of nitric oxidé in rat islets of

Langerhans, and it ls thought that this may also be an mp@rtant sngnal o |
transductzon mechanism i mac:mphages (Brooks and Mizel 1994)

Thelbl sigﬁal. fransdzlcﬁon_ pathﬁray_ involves protein kinases and
Phosphé.tases; cAMP activates PKA and ceramide ‘activates pro_tein |
phosphatasé 2A and MAP kinase, Both o_f. these second MeSSengers are .
involved in IL-1 signal transduct:iﬁn, Thus the_.end result of TL-1 signal
tran.édﬁcﬁon isa change in the phdsphoxylation.patterns mthm a cell. Many
transcription factors are activated or iﬁactivated by_j:hospho‘rylation,’ for

example, NF-kB's inhibitory mfdlecule, IkB dissociates from NF-kB upon |

‘phosphorylation. IL~1 has also shown increase thie exprfEssion of Fos and Jun

(Muegge and Durum 1989 and Brooks and Mizel 1994) which make up the
transcription factor AP-1 (O'Neill 1992). NF-L6 is thought to be
phosphorylated in response to -1 by MAP kinases (Brooks' and Mizel 1994).

1In addition, it has been fonnd that the expression of protooncogenes c-myb

and c-myc are increased by IL-1 stimulation (Munoz ef 4l 1991).

Ii is not known exactly what parts of the IL-1Rs are r-equired for signalling, A

_Iarge region in the intracellular pcamon of the mouse IL-IRtI is fequired for

functioning of the receptor. The c termmal region of the IL-1R{ -is required
for the generation of active NF-kB (Leung ef al _1994).'The cytoplasmic

domaiﬁ has no profein kinase activity itself, but it is phosphqiylateﬂ ata

threonine residue after IL-1 binding (Gallis ef al 1989, Bird ef al. 1991 and
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Kuno et al. 1993), Interest:mgly, TL-1R{I is iuternalised after ]L-l bmds to it
The intraceltular poruon of the receptor has sequences sunilax to nncleaf
localisation sequences. Thus IL-1 internalisation may represent an adqunal
signalling pathway (Kuno ef al, 1993). Thus, the cytoplasmic domain of the IL-

- 1RtI seems important in its ability to signal. The IL-1R{IJ has a much shorter

cytoplasmic domain, and is unable to signal. A hybrid was made of the
extracellﬁlaf portion of' the TL-IR{I and the mtraoelhﬂar portion of the IL-
lRtI.Thlshybndreceptorwas abletomgnalacrossthemembraneand"
produoe the activation nf the same genes activated by IL-1Rd (Heguy et al.

1993,

1.14, THE TYPE 1 INTERLEUKIN:1 RECEPTOR

IR is an 80 kDa (Bird et al. 1991) type I transmembrane protein, which

possess an extracellular segment comprising the ligand (iL-l)‘ binding domain,
a single transmembrane portion, and an intracellular domain (Slms and Dower

1994). The entire IL-1RtI consists of 557 amino acids, The exztracellular

segment’s most striking feé.tu:e is that it consists of 3 immunoglobulin « like

domains (Sims ef al 1989 and Sims and Dower 1990) consisting of
approximately 319 amino acids, The intracellular (cytoplasmic domain)
consists of 213 aﬁlino acids (the TL-iR{H cytoplasmic domain only has 29
amino acids), and the short membrane spanning region consists or 20 aming

acids (Colotta ef al 1994b).
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Figure L6, 'l*he structore of the IL-1R{X cell surface receptor _
The diagram shows that the extraceifular (Ex) dotain has 319 amino acids, the transmenibrane

dotnain has 20 amino acids, and the intracellular (In) dontain has 213 amino acids. N: antino
terminus; C:. carboxy tetminus; the arrow indicates an intraceffular signal. Modified from
Colotta ef ol. 1994b, '

The TL-IRd gene contains 3 promoters, indicating a high level of
transeriptional regulauon. The mRNA for IL-IRtI is approxlrnately Skb long, '
although 3,3 kb of this is the 3’~untranslated regmn. The ‘mature protem _

contains a N-terminus signal peptide (Sims ef oL 1994b).
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1L 14 1 IL-1 ONLY SIGNALS USING IL-IRtI o |
_ There is evxdence that I[rlRtII is not = functmval signalling receptor (Colotta :
et al 1994), and that IL-1 only signals using the IL-IR‘LI. 1t has been suggestecl

| that all IL—1 msponswe cells axpress IL-IRtI déspxte the fact that very Iow o

nuumbers of the type I have been found on some cell types. The low number

of TL-IRI on some cells points to the possﬂnhty that a very Id'w Teceptor
~ occupancy rate is. reqmred fm a full bzologmal reupnnse It is dn,f:ﬁcult to
 modify the levels of IL-1Rt! (Sims et al 1994). On the other hand IL«lRtII
'__i__gvels are easily m_odlﬁed (Sims et al. 1994), mdlcaung that reglﬂanqn of IL-1_II |

action at the receptor level is controlled by IL-IR{H,

115, IL-1 RECEPTOR TYPE II - THE “DECOY" RECEPTOR
_ The TL-IRHH was cloned fmm B cells, This new receptor had a molecular '

m&scfﬁﬂkl)a,andwas showntobc mmﬂarto ﬂw]L-lRtI (seeﬁgure 17y

-.m that it had an. xtracellular domain (332 amino aclds), 4 tranSmembrane |
' domain (26 amino acids), and 2 trancated cytoplasmic domain (29 amino

acids) (Colotta ef al. 1994).



IL-1RI 332 |26] o29aa

o x| lin

Figure 1.7, The shucture of the TL-IREI cell surface receptor. ' -
N: amino terminus; C: carboxy terminus; Ex: exiracellular; To: mtraecllular Madxﬁed fmm
i?‘.clotta et al. 1994,

Ewdence that some cells cnly expressed the IL-lRtI, and these cells were fully
responsive to IL-1 mdicated that the IL-lRtII may not be reqmred for
sngna]hng_.' In addition in cells expressing both IL-1Rs, it was found that
antibodies difected against IL-1RtI inhiﬁitéd the -'cells o ’)(I)nse. to IL-1, but
that anti-IL-1RtI had no effect on the responsiveness of the cells to IL-1. |
- This indicated that the IL-lRtII was 1ot a signalling receptor. Colotta et al.

(1994) suggest that IL-IRMI functions as a “decoy” receptor (a deceptar),

acting as a molecular trap for IL~1 and fivas making less IL-1 available to bind
~ to the signalling IL-IRt_I. S_ince there is no evidence that TL-1RHI i is able to

signal, but that it is abie to bind to IL-1 (circulaﬁng ILA1B in particular), it is
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feasible that the IL-lRtII 1s a .negative regulator of IL-1 activity (Colotta:et'_af.' -

1994)

Gene transfer expenments have been used to exannne the hypothesm that IL— :

lRt[[ is a "decoy" receptor, mmm expresmon was induced in cells only

: expresmng IL-IRtl. The increased expressmn of IL-IRAIT dex,raased the ablhty
' Of the cells to respond to IL-1, whlle it dld not affect TNFa action on the:

cells The mhibznon of IL-l’s actlon in these ce)ls ogcurs at Iow»sr -

concentrahons of L1, At hlgher concentrahoas fhis inhibition dlsappears,

mdmatmg that the IL-lRtK is moppmg up IL-1 as 0pposed to mducmg a

o negauve second messenger z,ignal in the cell (Colotta ef al 1994)

The IL-1RHII acts as 2 "decoy" receptor by acting as a molecular trap for XL-1.

The TL-RHY binds IL-18 making less IL-1 available to bind to the signalling

XLAIRH, thus inhibiting the action of IL-1 on the cell. JL-RH binds the

circulating cytokine IL-1B with a higher affinity than IL-1ReL. IL-1ra binds
preferentially to IL-IRHY, with such a slow dissociation rate that the IL-IR(I

becomes functionally blocked, Thus the regulation of IL-IR¢II plays an
import_aﬁt role in the regulation of the action of IL-1 on cells. Antag‘oniSing:

IL-1 is importent in IL-T's regulation ir the body. Some agents which

antagoniSe 1L-1 do so by increasing the expressiois of the (LRt "decoy”

ijﬁcept'or (Colotta et al 1994),
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L 15 1 IL—4 AND THE IL-IRtII "DECDY" RECEPTOR |

T4 is an anumﬂammatow eytokine of between 15 and 19 kDa. IL-4 has
ma.ny &'fects on wany cells (See figure 1.8, for a summary of these effects)
The mature II..-4 pokvpaptlde cousists of 129 amino ac1ds, although it St

| o Synthemsed as a 153 amma a,c1d precursor (reviewed in Banchereau ef aI.

1994)
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L4 inhibits the proliferéﬁon of myel.omono.cytic cell lines, wheh fh_at
proﬁferaﬁbn_is induced by IL-3, GM-CSF, or M-CSF. .I_t has also been shown
that TL+4 Suppresses prdgenitor c_olbny growth in CML. and AML. Evidence k.
suggests that [Lf-4'.dec'reases the growth of these leukaemi§ cells by mhibltmg
the production of IL-IB (Bstrov ef al. 1993), |

lIrlecreases the time of survival of neutropﬁﬂs in vitro, but 114 inhibits
' this.incféasé-in survival, by mhibmng the action of IL-lB 1t was found that IL- |
4 upreg’u]afes the mRNA for IL-lRtII_ and the IL-Rill prdtein in theSe._ cé]l_s. _
-4 éﬂ_so induces the release of 4 45 kDa Solubla IL-1R from the néutrophi]s,
whlch rcpl_'eéents a sblublé form of TLAIRtI -(Colotth“et al. i993a)..

IL-4 not only mhlbxts ‘the production of IL-18 (by decreasing IL-18
transcription and by destabilising proILrlB mRNA) (Fenton ef al. 1992) and.
upregulates the expression of tl_ie inh._ibitbry H.riRﬂI "decoy" recéptor, but it
é]so upregulates the expression and syﬁthesis of IL-1ra in LPS stimmliated
peripheral ' blood mononuclear cells, L4 syner'gisticaﬁy increas:d the
expression of IL-1ra with LPS (Vannier ef al. 1992). This increase in IL-1ra
expression was at the level of gene transcription, as the ha]f-life of IL-lra
mRNA was the same in IL~4 and non-IL-4 stimulated mdnocytes (Orino et gl. | _
1992). Thus, IL-4 increases the expression of IL-Ira and at the same timie -
iﬁéreases IL-1R{IL IL-1ra preferentially binds to IL-1Rt], thus blocking these
 signalling recéptors, and Jeaving the non-signaling "decoy” receptors to mop
up IL-18 in the extracellular medium. Thus IL-4 and_I_L-li'a. work in conceft
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to regulate the action of i-1. -

TL-4 cannot be simply labelléd an anti-inflammatory cytokmc, as it increases
the proliferation of T cells stimulated with IL-1, TL-4 acts in an auiocfii:e |
_fashioﬁ inT he_lper-'z.(.:e_]ls, and it h#é been Shown that IL-4 increases the -
expression of IL-1RI in munne T helper-2 oélls (Claﬂc 1992). Thus IL-4 has
both_ -. pm-inﬂ.anunatory (by upregulating IL-1Rfl) and ar;ﬁninﬂammatdry
properties (by_upregulatiﬁg lLlRtII). | | o

Tfhe_iﬂhibitory actmty 6f IL-4 in cells such as mono.'cy'.tes, ma}' be due to its
effect of NF-kB 1L-4 inhibits thé produétion of IL~6 in moﬁdcytes, and at the
same time T4 decreases the amount of active NFkB in the micleus, This
' .eifec'_:t_is, however, tissﬁe’ specific as IL-4 does.not inhibit the éétion of IL-1 on

fibroblasts (Donnelly et af, 1993).

1,15.2. DEXAMETHASONE AND THE IL 1R "DECOY" RECEPTOR

The anti-inflammatory agent déxamethaspne is a synthéﬁc glucocorﬁcoid
(GC). GCs bind to specific cytoplasmic steroid recepiors. The GC receptor -
ligand complex translocates into the nucleus, whefe it binds to sbe'ciﬁc
sequences of DNA called GC reéponsé ¢lernents (GRES).-Binding toa GRE
'élters.the .transcription of the atta_ched gene (Scheinman et al. 1995). GCs
modulate inflammatory and immune responses, affecting many different
signalling pathways. For example, GCs 'decreased IL-2 receptor expression and
increased B;-adrenoceptor expression (Barnes and Adcock 1994). In general
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GCs act by decrea.ﬂng the de novo expressmn of t:ertam cytokine genes (eg. o
I[.—l IL-Z, IL-6, GM-CSF TNFa, and ga.mma mterferon) (Schemman et al |

1995) and lipid mediator enzymes (Colotta ef al 1994). GCs ihibit

lymphocyte -pmﬁfefﬁﬁon (directly or mdlrectly) and their ability to secrete
cytolcinés,: thus aiding in irafﬁuﬁbsﬁppréSSioﬁ (Scheinman ef al 1995),

. 'GCs inhibit the actmity of Ib-i by decreasmg lL-l release from penpheral

b‘ood monomucear cells. (PBMNCS) and neutrophﬂs (Re et al 1994), '-

Interestmgly GCs do not inhib:.t the expresmon of IL-lra (Santos et al. 1993)

Dexamethasone has been found to mcrease the expression of lL-iRtII (at the _' |
B mRNA and protein level) in h_uman _neutrophils- _(Shieh et al. 1993a and Re ef
a 1994) .De’:.xan.lethasunﬂ induces the 'feiease of 2 soluble mﬁ&nﬁ “decoy”
| _ (Colotta et al. 1993&) Dexamethasone mcreased the expressmn of IL-IRtL -

transmpts and protem, but to a lesser extent than for TL-1R4IL (Re et al. |

1994), _;Thus, dexameﬂlasone_mcreases the number of ,nons:gnalhng, bmdmg

sites for TL-1, The net effect is the inhibitioﬁ of the action of IL-1 on the cell,
 Although this action of dexamiethasone js important in its anti-inflammatory

activity, it must be noted that GC activity affects many other }'jrotéins. Thus

the modulaﬁon of the IL-IR{I decoy receptor must be added to a list of GG
| anﬁ;inﬂammatory activitles (Barnes and Adcock 1994). This provides evidence

that IL-1RtII is a umque ncgatwe regulator nf IL-1s actmty (Colutta ot al

1993a). -

" In human lung': fibroblasts Monick et al .(1994), dexamethasone does not

46



* affect L1 receptors, Thus the bypothesis that dexamethasone increases IL-
1R thus inhibiting the action of IL-1 s not true for all cell types,

GCs inhibit the acimty of the transcription factor NF-kB. NF-kB bxndmg sntes

Tave been found ina large number of cyt dne promceters (including the Uls

- for IL-l). Inhibmng -NF—_kB decreases the expression of genes acnvated by this

*ransbription 'facto'r "Dexamethasone" may act by preventing the -
_ dephosphorylatlon of IkB and thos the dxssoclatmn of kB from NF-kB |

: (Schemman et al. 1995)

115314 RECEPTOR ANTAGONIST AND TE{E Il.-lRtII "DECOY"
_RECEP’I‘OR

IAirais @ natt.raﬂy occumng 23 kDa molecule Wlnch is ﬁrst synthesxsed as
a precursor molecule. It has a leader sequence, and is thus secreted vig. the_
claszncal secretory pathway There is a secreted and an mtracellular form of

_the IL-1ra, but the two forms appear to have the same activities (Dmarello

1994). IL-1ra preferentially binds the IL-1RtI, thus blockmg the binding of IL-

1e and I1-18 to the signalling receptor (Dayer and Bui-gér 1994), Not onlj?_

does the IL-1ra block TL-1 binding to its receptor, but it does not elicit a

- signal from the receptor. Thus it is a true and specific receptor antagoniét

(reviewed by Dinarello and Thompson 1991), inhibiting the effects of IL-1 on o

~cells (Hong et al. 1993). IL-1za s able to bind to the IL-IRHII (Granawitz et
@l 1992), but it has a lower affinity for tl:us receptor than for the IL-1RfN. |
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_Interesﬁngly, sbi:ne' AML céll§ .do not "prodﬁée IL-lra, but 'eXOgénous Iirlra;
| mhxmts the pmhferanon of CML progemtor oel]s IL-1ra has also been found :
: to decrease the productmn of GM-CSF by AML blasts (Estrov ef i 1992), |
and the addmon of T-18 rcverses this cffect (Bstrov et al. 1993b). Thus one
' possnble explanatlon of the mcreased prohferatxon of Seukaemie blast cells
| could be that they do not produce IL-lra, and thus _the -mg_nalhng IL-IRtI_ is

“not b_iocked.' | |

' 1 15, 4 IL-13 AND THE IL-IRtII "DECO " RECEPTOR
13 isan ann-mﬂammatory cytolune. mmﬂar to IL-4 and IL-IO IL-4 shares .
'a 25 % nucle.lc acld sequence homalegy with IL-13 The gene for IL-13 is on
chromosorme 5 (q23~31), located next to the IL—4 gene. IL-13 acts on "
 monomiclear phagocytes, B cells, 1a:g_e granular_lymphoqrte_:s, and endothel;al-
cells. It inhibits the. production of cytokines by stimulated mononuciear
- ﬁhago_c’ytes, in a similar fashmn 10 IL~4 and I1-10 (Colotta et al. 19941'3).. |

IL-13 increased the expressmn of the mmm on meutrophils, and that there |
.was an mcrease in the soluble IL- 1R § in the extracellular medmm Tlms one
 of the anti-mﬂammatory propemes of }lr13 mcludes the mopping up of IL-1
_ by increasing the expressmn of the non-mgnahng IL-1RtII "deooy (Colotta et “
al. 1994b) :
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1.155. THE SOLUBLE IL-1R{Il "DECOY" RECEPTOR

Another modé of inhxbmng the action of IL-1 is to release into the
_ extra.ce]lula.r _environﬁmnt a solﬁble IR "decoy’ receptor .(siIrIRtlI). _.
Manycytokmesandgrowth factors modulate their responses-‘rijrtheproducﬁori :

of non-signalling soluble receptors (reviewed in Rose-John and Heinrich

1994), The SIL-IRHIT is a 45 KDa truncated form of the membrane bound 60

kDa IL- R4 I esides in the extracellular medium as monomer which is able

- to bind IL-l (Estravetai'. 1993b) The sIblRtIIlsproduced atthe surfaceof -
the ce]l by proteolytic actiun (as oppOSed to alternate splicing of the IL-lRtlI' B
E mRNA), h1ch causes the sheddmg of the now truncated receptor In
neutrophﬂs shedding of the SILRMI is. achleved by TNFa, LPS,

dexamethasonc, PMA, and IL—4 (Slms et al. 1994).

' The prqductibn of SIL-IRAT has therapeutic relevance, as §Ilr1RtH mhlblts
the proliferation of AML and CML blasts, This activity of SIL-1RHI can be
reversed by the addition of IL-18 thus imphcating IL-18 in AML and CML
{(Bstrov et al. 1993b and Carter et al. 1994); Patients mth scpsis express high
levels of IL~IRtI mRNA, therefore (Gm et al. 1994) it has been suggested
that this incfea_se in ﬂrlRﬂI 'exﬁression leads to higher levels of sIL-1RtII in

‘the extracellular medium. This may represent an attempt by the cells o

modulate the action of the IL-1 released during sepsis (Giri ef al. 1994). ¥t has

also been shown that the cutaneous allergic late-phase response in humaos is

partially inhibited by & soluble recombinant fo: of IL-1RtY (Mullaxkey etal,

| 1994)
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- The sIL-lRtII bas bmdmg aﬁimﬂes sm:ﬂar to that of the membrane bound

' receptor sIL-lRtII binds IL-18 w1th a hlgher afﬁmty than IL-1a a.nd I].rlra

(Arend ef al. and Re et d 1994)_ (see_ figure 1.9.). Membrane bo_;;nd IL-RAT

" I-ex'hibits s:mila.r bmdmg aﬁinitx‘es to ihoée of the sll-iRtIi Inwresﬁzlgiy when -
the sIL-lRtII is shed, its- afﬁmty for Il-lra (wh1ch is already low in the

| membraue bound form) decreases 2000 tzmes. Thus sH,rlRt]I does not bmd. -

and therefore :mactxvate the IL-lra (Symons et al 1995). The cell surfaee IL-

1RdI cannot bind prolL-18, but the sIL-1RfILis able t0 bind this molecule in -
":the c’xtraceﬁular medmm. Thls effect of sIL-lRtII may “have b1ologicall -
sagmﬁcanoe as the secretion (or release ﬁ-om necrouc cells) of proIL-IB has

| .been repz}rted. 'I'hus hound proIL-lB is then unable to be prooessed 1into

o mature IL—1B by axtratellular prcteases (Symons et aL 1995)
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- Figure 1.9, The relative affinities of IL-1a, IL-18, aml !L-lra for soluble IL-1R(T and II
Mod:ﬁed from Sims and Dower 1994.

1,156, IL-1RUIl EXPRESSION IS CELL CYCLE DEPENDENT
The level of expression of IL-1R type II within a cell depends on the stage of
the cell cjcle W1thm a populaﬁon of B cell blasfs t’here will be g'roups of cells
-at dxffereni stages in the oell cycle, and thus there will be dxffenng levels of

IL-IR type I betWeen the groups. Genera]ly, there will only be a small gmup _

of B cell blasts expressmg mgmﬁcant amounts of IL-1R type 1T (Stoppaccxaro
et al. 1991).
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IucreaSed expressmn of IL-1R ~Itype 1] is found in qmescent or nonwcychng _ |

: ce]ls, and oe]ls which are begmmng to cycle and those stopping to cycle, ie.
o in transmonal cells. IL-lB bmdmg to IL-lR wpe 0 is hlgh in cells that are in

the G G1 phase (non-cychng), md1catmg an increase mIL-lR type H. IL-lB "
' bmdmg decreases in cells i in the S phase (transxtional’l and is uudetectablc in
cells in the Gz - M phase (cyc.hn.g). ’:he data suggests a possible role fm' IL-1_'

' in preparing t5e cells to enter the cell eycle (Stoppacciaro et al. 1991).

_ 1.16. OBJECTIVES OF THIS STUDY

- _T‘JIS report dlSCIJSSeﬁ the effects of IL-4 dcxamethasone, 11.-18, and PMA on

' the expression of IL—113, IL-1Rd, and IL-IRAI i periphersl blood monocytes B
and the leukaemlc cell lines, I-IL-60 and THP-1. IL-IRtI is the functional, : :

signalling IL-R. lL-lRt]I is reported to be a nons:gnalhng "decoy" IL-1R -

which acts as a molecular trap for 1L-18, hence mhibmng its act{on onacell

(Simms et al. 1994).

The objective of this project is to establish whether the -expreSsipn of IL-1RtI

* and Il is regulated in the same way in the IL-60 and THP-1 cells, compared

to normal paﬁpheral blood monacytes. The reasons Yor this are threefold.

Firstly, to confirm findings in the literature (Colotta ef al. 1993a) relating to

the antiinflamatory effects of TL~4 and dexaméthasone on monocytié. cells with -

respect to IL-18, IL-1RtI and IL-1R{I expression. The effects of these agents

have been exfe_nsively tested in neutrophils (Colotta et al. 19932 and Re efal.
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1994) Secondly, if it is found that IL-1RW and T are regulated (byldend

dexamethasone) in & similar manner in HL-60 and THP-1 cel]s compared to

norma.i monocytes, then these two cell lines could be used in future as a

model for studymg antl-mﬂammatory agents on monocytes, Thirdly, if a
_ d:ﬂerence is found in the regulauon of IL-1RtI and II in the HL-60 and 'H-IP '

| 1 -cells in relatmn to normal monocytes, then _these differences could be

: mvestlgated Turther. An altered regulatxon m expresmon of IL-1Rs in

. ._ leukaemic ce]ls mdlcates the altered regulatton of the actxon of IL-1 on these

| . ce]ls, since IL-1RtI{ acts as an mh1b1tor of IL-1 action. IL-1 eonm‘butas to the_ ;

: prohferanon of some leukaenuc cells and may be mvolved in the leukaemlc._- ”

" disease process It has been shown that 11 constltutNely pmduced by o |

"many monocytlc leukacmzas and that IL-l may act i m an autocrme paracrme, .

and endocrine manner to induce prohfcratlon in these oel]s (Dmarello and _

o Wolft‘ 1993) An alteration in the regulatlon of IL-I’s action cm leukaennc cells

' (possibly caused by an altered IL-1RtT and 11 expresswn) would affect the -
prohferatzve actmty of ]L-l on these cells. It is the degree of dlffere.ntlatlon, | |
| ~and hence the degree of proliferatlon of leukaemic cells which correlates wrth
the chmcal course of the disease (Sulhvan 1993). |

~ The _e_ﬁ'éct of PMA on HI-60 and THP-1 cells was analysed to assess _the role
| ‘of differentiation on the -e'xpression of IL-1R4L, T, and YI-18, |
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1994) Secondly, if it is found that IL-1Rl aud 1 are regulated (by L4 and . =

dexamethasone) ina sn:mlar manner m HL-GO and THP-1 cells compared to
nnnnal monocytes, then these two cell lines could be used in future as a
model for studymg ant:-mﬂammatmy agents on monocytes. Thirdly, if a
_ dlft'erencelsfoundmtheregulahonofﬂ:—lRtIandIImtheIE—&OandTHP :
| 1 cells in relation to normal monocytes, then these differences could be
mvesngated further. An altered regulat:on m expressmn of IL-1Rs in
| Ieukaemlc cells mdlcates the altered regulatmn of t]ze actxon of IL-1 on these
| . ceﬂs since ]L-IRt]I acts as an mhlbxtor of IL-1 action. }L-I oonm'butcs to the_ '

-prohferanon of some Ieukaenuc cells aud may be mvolved in the Ieukaenuc_- ”

" disease process It has been shown that IE-1is conshtutlvely pr?duced by o .

"many mnnocytlc leukae.mxas and that IL-1 may act m an autocnne, paracnne, .

and endocrine manner to induce prohferauou in these oells (Dmarello and _

o Wolff 1993) Au alteration in the regmatmn of IL-1’s action on leukaemc cells

' (possibly caused by an altered TL-IRH and II expression) would affect tho_a -
proliferative activity of IL-1 on these cells. It is the degree of differentiation,
- and hence the degree of proliferation of lenkaemic cells, which correlates with

the clinical course of the disease (Sullivan 1993),

~ The _efféct of PMA on HL~60 and THP-1 cells was analysed to assess the role
" of differentiation on the expression of IL-IR(L, 1T, and IL-18. |
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2, 1 1 CUI TURED CEIJ..S
-Three cell types were used in this project, namely, the huma.n myelogenous leukaemia o

. cell hnes, I-IL-60 and 'I‘I-IP-l cells, and freshly isolated penphetal blood mononuclear _
_nel]s (PBMNCs). The 1eukaem1c cell lines were cultured m sealed culture flasks

- (Nunclon, Denmatk) at 37°C in RPMI- 1549 medmm (nghveld Bmlogma], RSA)

_ conta.lmng W% heat macuvated foetal calf serum (FCS) (Delta. Bmproducts RSA) The .
RPMI contamed HEPES (0,05 M), sodmm bicarbonate (1,85 g/1), and the antibiotics

'_ streptomycm (80 000 u/m and pemcﬂhn G (100 000 U/l) both from Slgma, USA. The' o

_cultured celis were passaged every four to five days.

2.1.2. PBMNC ISOLATION . -
Periﬁheral blood monocytes were isolated either by adherence to plastic petri dishes, or
by density gradient centrifugation usmg Percbll (Sigma, USA). In both cases peripheral
venous blood was obtained &oin consenting healthy yolqntecrs_ (ethics clearance number:
6/3/86). Whole blood was collected by venepueture into Vac-U-Test fubes containing
hthlum heparin (14.3 US.P./mi blood) Butffy coats (leukocytes) were obtained after
cenmfugatlon at 200 x g for 10 minutes on a Beckman TI-6 centnfuge 'I'he PBMNCS .
were separated from the other leukocytes by density gradient oentnft;gaﬁqn on-Fmoll'.
gradients (Histopé.que, P 1.007, Sigma, USA). The PBMNCS were wasiwd 3._x in sterile | o |

s



 safimeat4C.

: 2.1.3 MONOCYTE ISOIA’I‘ION BY ADHERENCB

In order to separate adherenx eel]s (mamly monocytes and some B lymphocyi:es) fmm

: nonadherent eells (‘mamly ’I' lymphcacytes J, PBMNCs were mcubated in plastic petn

. dlshes (Nuncion, Dﬂnmark) at conq:en:tratlons of apprommately 2 x 10 cells/ml Ceﬂs
| were caunted using a haemocytomm {(Weber Sc:ent:ﬁc Intemanonal, England) in the_ i
. presence of the dye uypan blue (0,1 3‘6 w/v), whmh 15 excluded from living ce]ls, thus -

only viable cells were cnunted After mcubatmg the celIs at 37°C for 2 hours nonadherent

_ ‘. cells were aspirated from the adherent ﬂ'actmn of cells and replaced by fresh medium -
= watamingz %heatmacuvatedFC““ 'Ihenonadheremﬁ'acﬁmofoe]iswaswashedmth" |
saline *uui also resuspended in ﬁ'esh medlum containing 2 % heat ma,cuvated FCS. Both |
- fracuons were then sumﬂated mth various agents, and incubated at 37°C ina humzdlﬁed

mcubator in thc presence of § % 002. Cells were harvested from the pem dlshes by
- scraping the adherent ee]ls using a mspmable cell scraper (Cos'm;r, USA) o

2.14. Lacnwcxrvﬁxa ‘H§314¥IICHW BY 1nmachL1. DENSITY tiafuarﬂxrr';

(ﬂEPTII{EFIJ(}!NITI)hI o | |
: Monocytes wete 1so1ated usuag a modxﬁed meﬂ:od descn'bed by Denholm and Wolber

(1991, B .'..;;3~} '
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2.14.1. ISOLATION OF PBMNCS
PBMNCs obtained after the centrifugation of penpheral venous bIood throu.gh i Flcoll |
gradient, were resuspended in RPMI medium mn‘wmmg 1_0 % heat inactivated FCS.

2.1.4.2. PRIMARY CELL SEPARATION

The 50 % Percoll (Sigma, USA) gradlent was prepared by mmng 22 ml of isotonic

Percol]_, with 1ml _FCS and 14,7 ml of 10 x Hznks’ balanced salt solution (Freshney 1994).
A pradient was g_eﬁerated by centnfugatlonof the Percoll at 18 000 rpm at 4°C for 25 .
minutes using a Sorvall RC-5B §§ 34 rotor. |

PBMNCS (2 mi) wern igaded onto this preformed .gradiént‘ Cell separation was achieved
by centrifagation at 3000 rpm at 4°C for 30 minutes using a RT 6000 Sorvall centrifuge,

The monocytes appear in a band in the top 5 mm of the gradient after centrifugation.
This layer was cpllécted and washed 3 x in 1 x phosphate - batfered saline (PBS) at pﬂ
7,4 (0,14 M NaCl, 2,7 mM KCl, 8 mM disodium hydrogen orthophosphate, 1.4 mM
potassium dihydrogen .or-thc'phosphate).. Ths jrield of cells were checked at this poing
using the trypan blue exclusion method,

2.1.4.3, SHEEP ERYTHROCYTE ROSETTING

In order to remove contaminating T lymphocytes from the monocyte fraction after |

centrifugation on the Percoll gradient, the T lymphocytes were rosetted with



' neuraminidase-treated sheep red blood oells (N-SRBC) The neuramlmdasa (type II[ '

from V. cholerae from Sigma, USA) at a concentration of 0,23 g/m was incubated with

0,6 mlpacked SRBC (washed 3xin IxPBS) and 101111 IxPBSfOISO mmutes at 37"(3 '
The N-SRBCs (kmdly prepa.red by Brenda Killroe of the National Institute of Vlrology)
were washed 2 x with 1x PBS and resuspended in 30 ml PBS.

- Equal volumes of the monocyte fraction was mixed with the N-SRB_CS. The mixture was -
centrifuged at 200 x g at 20°C for 5 minntes. ’I‘he. pellet was gently reémpended sC as. not
to dislodge the erﬁb:ocytes fl"om.the, T lymphoéytés. This mixture (4 ml) was loaded
onto a Flcoll pradient ﬁnd centrifuged at 2000 rpm at room temperature fof 30 nﬁﬂntés
in a Sorval RT 6000 centrifuge. The rosetted T lymphoctes pelleted, whils the now purer
monocyte fraction remained as & buffy coat on the Ficoll gradient. The cell viability and
yield were checked using trypan blue exclusion.

2.2. CYTOKINES AND OTHER REAGENTS
The following cytokines were used to stimulate the cells. IL~-1a (10 ng/nl) (Boehnnger
Mannheim, Germany), IL-18 (10 - 100 ng/nl) (gift from C.A. Dinarelio, Tufts Univermty,
Boston, USA), and IL-4 (10 ng/mal) (Genzyme, USA). Other stimuli nsed included
bacterial lipopolysaccharide (LPS, 0,01 - 1 pg/ml) (Sigma, USA), phorbol myristic
acetate /MA, 10 nM) (Sigma, USA), dexamethasonie (100 nM) (Sigma, USA) and
concanavalin A (Con /, 1 ug/ml) (Sigms, USA). -



2.3. LMHOCYTE ACTIVATING FAC’I‘OR (LAF) ASSAY
In order to determine if the IL-lB is hxologicaﬂy actlve a LAF ‘assay was performed |

(Gery et al. 1972). In this assay proliferation of mouse thymncytes (T lymphacytea) o

induced by YL-18 is measured by tritiated thynudme ([3H] thymxdme) mcorporat:on into
the DNA of the oellb

- Thymocytes wére removed from 3 endotoxin resistant mice (cSH/HeJ mice, ethics -

| ,' clearance munber‘ 89f 13'7/ 1), washed and resuspended on RPMI medium contasmng 10
% hea.t mactlvated FCS and 2- mercaptoethanol (0,5 KM). A subxmtogemc dose of Con ._
' A (1 ug/ml) was added to the thymocytes Con A synergizes with IL-18 to induce "
'. pmhferatmn in .thymocy_tes (Gery et al. 1972)_._ A submltogemc_ dose therefore ‘pnmes"'
the thymocytes_befor_e the addition 6f IL-18. V_aribi;s concentraﬁoﬁs of IL-18 were added -
to the primed ﬂtymocytes (20b 000 cells per well), ranging froni 10 ng/ml to 156 pg/ml. _.
No IL-18 was added to gontrb_l wells, The experiment was done in'tripl_icéte and any
proliferation was noted after 24, 4, and 72 hour incubations at 37°C in & humidified
* incubator in the préséﬁce of 5 % CO,. The thymocytes were pulsed with [°H}-thymidine
(05 uCi/well with a specific activity of 29 Ci/mmol) (Amersham, England) 6 hours
before the end of each mcubatlon penod. The cells were harvested using a cell harvester |
(Txtertek) which traps the DNA. from the lysed cells on glass filier paper. The mdmdual
~ pieces of filter paper were placed in 2 ml of aquagel scmnllanon finid and oounted for
- 1 minute in a Packard Tri-carb ligind scintillation ceunter Proliferation was mdlcated

byan increased mcorporanon of PH}-thymidine.



24, FLOW CYTOME’I‘RY CD14 AND CDllb SURFALCE AN‘I‘IGEN EXPRESSION
The CD14 surface anngen is expressed on myelomoncync oe}ls mcludmg monncytes and o

is the cell surface. reeeptor for the I.PS and LPS « binding protem (LBP) ccmplex o

‘(Wright, 1990) As ‘I' lymphocytes do not expreSS CD14 1t is a useful marker in
determming the percentage monocytes in a given populatlon of cells, for exa.mple in the
| adherent fraction of cells after the nonadherent fraction has been removed or the.
_ percentage monocytes in the monocyte fractmn after Percoll density gradlent-_

centrifugation.

Cells (500 000) to be tested for CD14 expression were resuspended in 90 ut of BSA -
PBS [1 x PBS containing 0.2 % bovme seram albumm (A, Boehnnger Mannheml,_ ’
Germany) and 0,2 % sodium azide] plus 10 pl of anti-CD14 (lcmd glft from Dr Clive

Gray) (Ooulter) After a 50 mmute mcubauon on ice, the oells were washed twice with

BSA PBS and resuspended in BSA - PBS containing fluoresing seoondary antibody o

(Coulter). After a 30 mmute msubauon onice the oe]ls were washed tw1ce in BSA PBS
’I‘he cells were then fixed in 200 nl ofa formalm fix solat!on (1 x PBS contammg 1,5 %
* BSA and 1,5 % formalin). As a control for each expenment, the non-specific binding of

the secondary antibody was measured on cells in the absence of the primary anti-CD14 . -

antibody. The percentage CD14 pomuve cells was mnasured an a Bpxcs-Proﬁle ﬂow
cytometer, with an. mcrease in ﬂuoresoence mdlcatmg a hlgher e)g)ressmn of CD14 on

the cel]s pmsent.

In addition, the CD11b (Coulter, USA, gift of Brenda Smith) surface antigen expression
was measured using the method described above, CD11b is the Mot or C3bi receptor

2



expressed mainly on periphérﬂ blood mnnocy;es (Horejsi 1991), -

2.5 RNA ISOLATION, QUANTIFICATION AND ANALYSIS

'251 RNA JSOLATION
' Total cellular RNA was i slated usmg an acid guamdmium thior*yanate phenol .
chlowfonn extraction method (Chomczynsh and Sacchi 1987) Care was taken at all
tlmes ot to contamnate the RNA wit'h ribonucleases (RNases). Gloves were worn and
the MﬂthaterusedtomakeupthesﬁlunonswaskeptRNaseﬂ'eebytreaungltmth- o
02 % (/%) (hethyl pyrocarbonate (DEPC) Wemlght. DEPC was removed by
autocl&ving

After an experiment betweenzx'm‘and_Qx 10ﬁ¢ellswere pelleted andmmedwith 05 -
mlofa denaturmg guanidinium i#othioqanate solution [4 M guamd:mum thmcyanate,
25 mM sodium citrate (pEL 7,0 3prepared in the laborotory and autodlaved), 0.5 %
Sarcosyl and 0,1 M Zmemaptoethaﬁol A sﬁck | denanuing' solution without
mercaptoetha.nol was made which could be kept for 3 months at 4°C, The worklng |

solution containing mercaptoethanol was no longer used aﬂer one month,

Once the cells were Iysed, 50 pl 2 M sqdium acetat'e.(pH"],O), 0,5 ml watmatﬁrated '
phenol (dmﬂﬂed), and 150 gl chloroform 3 isoamyla.cloohoi (49:1) Wesrt.a ' added
respectively. After vortexing for 10 seconds this mlxtm'e was incubated on ice for 20
minutes, and then centrifuged at 10 000 x g for 15 minutes at 4°C. The resultant upper



a.:queousphase, wﬁich containéd the RNA, was aspifated off carefully so as not to
conté.miﬁaté the RNA .with any DNA.or' protein fr'oﬁa the _interi:ﬁaée. | |

~ The RNAwas precipitéted (out of the 'gquet}us phase) by adding 0,5- ml of ice cold

isoptdpa,noL and incuﬁaﬁng at -20°C for 2 to 24 hours. The_ RNA was pelleted by
_ oentiifxlgation at__l(i 000 x g for 15 mimmtes at 4°C; 'I'he RNA was régrecipimte;d by

| ‘adding 0,3 ml of RNase free water g‘uid 0,3 mal of ice cold isopropanol to the pellet, and
incubating at 20°C for 1 to 24 hours. The ﬁrec’ipitated RNA was pelleted by

--centrifujgatioﬁ a8 abdvé«, d washed twice for 20 miﬁntes on ice in.:0,2 ml 75 % ethanol
in order to remove any denaturmg solntion contaminating the RNA. It was suspected

- that the presence of denanmng solutmn might inhibit the conversion o‘f RNA to copy .

~ DNA (cDNA) by the enzyme Teverse transcriptase. The RNA was pelleted and allowed

to air df}"-so as 1o remove any ethano! which might also be inhibitory to I‘everse o

transcriptase. The RNA was then dissolved at 65°C for 10 minutes in 20-50 4l RNase

free water.

| 252, 'I‘OTAL CELLULAR RNA QUANT]FICATION

- 'The total cellular RNA concentranon vias measured spectmphotomemcally using a

- Beckman spectrophotometer. RNA from each sample was diluted 100 x in RNase free
water and the absorbance (A) measurécl at 260 am. The wncentration of RNZA was

calculated using the following equation:

[RNA] in pig/ml = 40 x Ay, x dllution factor



_ wﬁere 40 is the .é,\_rex'ag_e extinction coefﬁcienf for ﬁbonuclgic-acids, and Aggr iS the:
wavelength at which ribonucleic acids absorb maximally In order to determine the .-
degree of contéminaﬁon of the RNA saﬁlpie with DNA and 'prOteins,. the ratio of Ay, |
am + Asso om w_as calculated, Samples exh1b1tmg a ratio of 1.5-2 : 1 were consxdered
adequatc.y pm'e (GIasel, 1995) '

253, mmmm THE INTEGRITY OF ISOLATED RNA
. Durmg the molatmn of total cellular RNA, the RNA is .,usceptible to degradauon by-
.RNases, whxch can be of an - endogenous OT ex0gencus ongm (see precautionary
measures above). Itis 1mport_ant therefore 10 esm_nate the mtggnty of the molated RNA -
before proceeding with further e#peritnenﬁ The intég;ify of the RNAwasestlmatedby -

de‘natuiing agarose gel electrophoresis.

253.1. DENAITURING AGAROSE GEL ELECI’ROPHORESIS

- Electrophorems of intact total cellutar RNA. 011 a denaturing agarose gel remlted inthe
separation of dxstmct bands of the major RNA specle.s produced by the cells, namely, the
285, 188, ond 58 ribosomal RNA (rRNA). Denatured RNA appeared as a smear on the

- gel

The dénamring agarose gels were prepared as follows. Aga':ose (50'1_111 ofal %. soiut_ion)
(Low melting poi_ni: agarose, S:gma, USA) solution was prepared ina 1x MOPS. buﬁér
(pH 5,5 - 7) containing 0,02 M 3 - [N-morphdﬁﬁﬂ] propane sulfopic acid (MOPS), 0;00’5 |
M sodium acetate, and 0,001 M ethylenedmmine—tetra-aceuc acid (EDTA). This solution

was miczowaved to melt the aga.rose and allowed to cool down to below 42°C before

@



addmg 2,7 ml 37 % formaldehyde, (the dena::urant) In order to wsua]ize the RNA on
the gel D 5 ;ug/ml of ethidium bromide was added. Ethidnun bmmlde mten.alates mth
.nuclelc acids and ﬂuoresces under nltra violet (UV) light, The gel set after 15 30 |

mmutes _

Total celiular RNA (10 g) was dissolved in. 15 1 ofRN’A sample bufferoontmmng “wo

- pl/ml formamlde, 107 ul/mi 10 x MOPS, 173 ,ul/ml 37 % formaldehyde, 180 p}/mt
RNase free water, 53 ;.r-l/ml gycerol, and 7 wl/ml of a saturated solutlon of the dye

: bromuphenol blue 'ﬂns mxxture was denatured by heatmg the samples to 65°C for 10
minutes bef.ore toading the samples onto the gel._ The ei_ectrode buffer used was a 1x

'MOPS buffer cﬁﬂﬁiﬂiﬂg 0,5 pg/ml ethidium bromide, Electrophoresis was pe'rformeﬁ S

at 60 volts (constant cun:ent) for 1 - 2 hours, The 288 188 and 58 tRNA bands were
. then vmuahzed under UV light (va USA). |

254, METHYLENE ELUE STAINING OF NORTHERN ELOTTED RNA
Northern blots were stained with mei_hylene'blue in order to determine the efficiency of
transfer of RNA during Northern blotting, and to check thé integrity of thé RNA. Onece
| the nylon was stamed w:th methylene blue the blot was no longer used in the

hybridization of specific radiolabeiled ¢DNA probes, - |

The dried blot was soaked i 5 % acetic acid for 15 minutes before being transfered to f
stain for 5 - 10 mmutes The stam contmned O,SM sodium acetate (pH. 5,2) and 004 %
methylene blue The blot was then destained in 70 % ethanol to clear the hackmund



The stained RNA was photographed mmedmtley, as the stain tended to fade over time, .
2.6, NORTHERN BLOT ANALYSIS OF IL-18 RNA

2.6.1. NORTHERN BLOTTING |

- Northern blotting invﬁlves the transfer by capﬂlaty aétion of totai cellnar RNA nﬁto a

| nylon membrane (Hybond-N, Amersham International, England). The RNA is then on
a more suitable matrix for further analysm

' "Total celtular RNA (10 pg) was loaded onto a densturing agarose gel (see section
.2.5,3.1.) with or without ef;hidium bromidé; After electrophoresis at 60 volts for 1 -2
hours, the gel was washed for 15 minutes in 10 x SSC (1,5 M soqiﬁmf_chloride and 0,15

M sodium dtiate) in order to wash out thé formaldehyde from the gel, and to bring the
pH of the gel to pH 7. The gel was then mverted onto a paxaﬁlm covered piece of glass.
"The nylon membrane plus two pieces of Whatman no, 3 filter paper where then layered
o to the gel, makmg. sure no bubbles were n'apped between the gel and the nylon. Both |
the nylon and the filter paper was cut to be 1 mm blgger than the gel. Wads of tissue
paper and another piece of plass were placed on top of the gel/nylon/filter paper. The
glass was Wéighted down in order to increase_t'he rate of transfer. Thus both capillary

~ action and pfe&suie were used to transfer the RNA to the Inyl'on.' Thé transfer was
- allowed to proceed for 18 hours, after which the nylon was inverted and soaked in 2 X

SSC, and allowed to it dry thoroughly. The RNA was crosslinked to the blot by exposing

the blot to short Wength uv .tht for 4 mimutes. The nylon membrane was then.
either prepared for hybridization, or it was stained with methylene blue in m_der to check

ol



the efficiency of transfer, and as another method to dete:ﬁine' the integrity of the RNA.

2 6 2. PREHYBRIDIZA’I‘ION OF NORTHERN BLOTS
In order to block non-Speclﬁc sites of hybnd:zauon for specific DNA probes, the blots _
" were prehybrid:zed with herring sperm DNA. Approximitely 25 m of pmhybnmzauon '.
soluuon was used to block 3 blots The prehybndlzatlon solution consisted of §x SSPE

(3 M sodium chloride, 0,2 M sodium phosphate, and 0,02 M EDTA) at PHIAO%

(v/v) formamide (detomzed usmg amberlite granules), 5 4 % (v/v) of a 11J0 X Denha:dts '
_solutmn, and 0,8 mg/ml of smgle stranded herring sPerm DNA. The Denhardts solution
was filtered befo_re use and contained 20 mg/ml Ficoll, 20 mg/ml pnlymnylpyrolhdme,
| 20 mg/ml BSA,.and 0,5 % (Wv) sodium dddecyl sulphate (SDS). A s_ito_c:k of hgrﬁng
sperm DNA (10 _in,_g/ml) was prepafed by aspirating the DNA ﬁuomgh an 18 gauge'
needle, and soﬁicatingi 1t at 16 - ZOI-Iz .The herring sperm DNA was then denatured to
a sinéle. stranded form by hf_:_atiﬁg it to 96°C for 3 minutes and then coohng it
imzﬁgdiately on ice. The blots were prehybﬁdized. overnight in a shakmg waterbath at
4cC. - -

263 RANDOM PRIMER LABELLING OF cDNA PROBES WITH 2P

. Speclﬁc cDNA probes are labelled with [o- fo- P]-dCTP usmg the method of random
| primer Iabelling The Klenow ﬁ'agnient of DNA polymerase I generates a radiolabelled
cDNA probe ﬁ'om a template probe by mcorporatmg [a-”P]dC’I‘P randomly mto the._ _

newly synthemsed probe



The components ofa m@ga random primer labelliﬁg kit were allowed to thaw on we. .
The 'spéciﬁc'i)NA templates Were dénhmred 1o single strands by heatmg to 96"’.0.' for 3 |

minutes and then ooolmg mmeﬂiately on ice. The reacuon mixture, wh1c11 was then
: assembled in a separate Eppendorft tube, consisted of the following cumponentS' 1x
labelling buffer; unlabelled d’ITP dA‘IP, and dG’I‘P at 20 uM each, 0,83 ug/ml
' denatured DNA template, 10 mg/ml mmz_ease-free acetylated BSA, 5 1C1 [a-"P]dCTP,
and 5U oleeﬁoweizzymse._’Ihe reacuonmlxmrewasmade up to 50 plmthmlclease
.f_rée_? water, and lnalbated at room temperature fof_ 1 hout. The labelling readﬁnn was
‘stopped by heating the misture to 96°C for 2 nﬁnmeg and subscquent chilling on ice,

2631 REMOVAL OF IMCORPORA’IED LABEL
A qumk Nuclcotide Remava‘ Kit (Qmagen, Germany) was used to remove | |
unmompora.ted.radioacuve (and non - radmactwe) nucleotides from the _radmlabelled |
~ probe. This addtitional step results in cleaner Northern blots. The manufacturer’s

protocol was followed.

2.6.4. HYBRIDIZATION OF NORTHERN BLOTS
The p;ehybridi:zaﬁon-soluﬁoh was replaced by a hybridization soluﬁoﬁ confainiﬁg 5x |
 SSPE, 50 % (v/+) formamide, 54 % (¥/9) of 100 x Denbardts solution, 0,4 mg/ml single
stranded herring sperm DNA, 4 % (v/v) of polyethylene glycol (PEG), and the
denatured 2P-labelled probe (25 ng). This hybridization solution (25 ml) was enough for
4 blots. Hybridization proceeded overnight at 42°C in a shaking waterbath.



2 6:5. S’I‘RINGBNCY WASI-IES

The stnngency washesfuncﬁontoremcveanyradmlabelleﬂ proba whmh mweakly bound

to the blot, thus remowng probe which may not be spemﬁca.lly bound to its |

e correspondmg mRNA species. The washmg proeedure consists of a series of washes, thh )

| gach succesmve wash conmmng a lower conoentraton of the SSPE buffer and thus |
havmg a hlgher stnngency The washes consisted of: |
115 mmutes at 42°C in 2 x SSPE plus 0,1 % SDS (repeated)
2, 30 mmutes at 42“0 inl x SSPE plus 0,1 % SDS.
3 15 mmutes at room temnerature inglx SSPE plus 0,1 % SDS o
~ After each wash the activity of the blot was monitored usmg a Gelger-Mu]}er counter.
| The washes wmﬂd be stopped if the amvlty dropped sngniﬁcanﬂy | |

2.66. AUTORADIOGRAPHY - |
Once the stingency washes were oompletéd, the blots were placed on fiter paper aud :

allowed to dry briefly befoi'e wrapping the blots in cling wrap. The blots were then

exposed to X-ray film (Fugi, Japan) in a cassette with enhancing screens (Kodak, USA)
for 1 to 3 days, dependmg on the strength of the radioactive signal.

2.6.7. DENSITOMETRIC SCANNING o
The bands that appeared on the a_utcradiograj_;h were compared with each other usmg
scanning densiometry (Biomed Instmme:its), where the relative heights and areas under

a peak of absorbance were measured.



2.6.8. S’IRIPPING OF NOR'II—IERN BIJGTS : _ _ .
Often the same Northemn blot wor' N be strlpped of its radmactmty and reprobed w:th_ |

- a different probe. The nylon membraue was mcubated at 65°C m-a shalung waterbath

- with 200 ml of50 Yo fromamide and 2x SSPE. The membrane was rmsed mﬂ,l X SSPE..
‘I'he memlsrane was then prehybndmed as de.smbed abr.we -

2 WEMMMONQﬁLMME_mmmoNMYSis oF
 ILIRL LIRS, AND L8 RNA | | | R
| Reverse transcnpnon (R'I‘) of total cellular RNA mto cDNA is follnwed by the _
_ amphﬁcatlon of specaﬁc QDNA specles to detectable- %svels dxmng the polymerase cham
 reaction (PCR) The RT—PCR teczhmque allows the seml-quanutattve analycls of gene a
expression (tbe transcnpnou of spec:ﬁc mRNA Specues) witlnn the cell. |

27.1, REVERSE 'I‘RAN ;:CRIPI‘I()N

The synthesis of cDNA. farom total celhﬂar RNA is achieved by the use nf the retmvml
- enzyme reverse transcriptase. To initiate synthes:s,- 025 ug of oligo de were used as
primiers to bind to the polyAtaﬂsofOS pg ofRNA.'Ihlswas achlevedbyheatmg them
together to 60°C for 5 minutes and then chilling on ice. The rest of the reacﬁon mix was

then added to the primed RNA. The mix consisted o_f 20 U of RNase inhibitor N

(Amersham Tnternational), 1 mM of sach of the 4 dm_s; 1xRT buffei-@mmega) o
mM TrisHC, pH 83 50 mM KCh 10 mM MgCl; 10 mM DTT; and 05 mM
“spermidine), 10 U ofAMV reveise. transcriptése (Promga), and Bwe: water (Sabax, :
R.S.A.) making a final volume of 30 4L The reaction was gn_md to proceed at 37°Cfor |
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1 hour and was terminated by heating to 70°C for § minutes and cooling immediatly on

ice.

2.7.2 THE I-‘OLYMERASE CHA]N REACTION | |
| DunngRTtotalceliuIarRNAwas converted to <DNA. During PCR aspeclﬁc ¢DNA _'

 strand is amplified enzymatically to a detectable 1eve1 by a thermostable DNA

polymerase (Saiki, 1988). The DNA polymerase is directed by oligomucleotido primers. .

| syntheticaily synthesmed to be complementary to sequences in a specific cDNA oopy of. g |

an mRNA specles One pmner is d:rected against the 5 strand, whﬂst the nther is H

__dlre.cted against the 3’ stra.nd, to sequences_of_-a known distance apart. The polymerase o

would ther extend in a 5" to 3' direction using the cDNA. as template. This process would
: resultin a fragment of DNA oflmuwnlength. The amphﬁcauonis axponenual, aseach
new fragment synthesized would then act as a template for another B

2721 PCP PRIMER SELEWON
The pnmers pa.txs were selected so as to produoe PCR ﬁagments of dlft‘enng sizes, S0

that they could be distinguished from one anotlier when electropharesed an a _non-_' '_ o

denaturing agarose gel. The sequences for the primer pairs follow. The length of the

PCR products formed in base pairs (bp) abpeér in brackets, Table 1.0 gives the primer o

© seguences. GAP-DI-I referred to in the table stands for glyceraldehyde—3~phnsphate .

dehydmgenase



Table 1, Oligonucleotide primer sequences,

mRNA

ILARA

.119139 :

| Fermiarat 9

| ¥ primer 5 -CTGGACCCCITGGTAAAAGACS
| R primer 3-CCGACTATTTACGTTCCTTGES

N e

| R primer 3'-CAGGTAACTCGAGTCTCAAA

F primer 5’-AATG'ITGCGCTI‘GTACGTGT~5’-

I -arex
(alt)

12qu

| F primer s»-emecmmnccccrmmcc-s'
- { R primer 3-GTTAGGATAGGGTTCACTTTATTTAGS
' (Akeson ef al. 1992) -

B

subp

' Fpnmer s'-ATGGCAGAAG'ercrAAGcch-a' '

R ptimer 3- TTGACTGAAG‘I’GGTAOGTI‘AAACACA-S’ -
(Lam;k ot al, 1989) |

¥ carp

F primer $-CCCTICATIGACCTCAACTACATGS'

R pritner M GACTTGCCCTTCGAGTGACCGTACS

‘Noto the following abbrieviations in table 1.0, Forward (F), reverse (R), and gylceraldehyde-3-phosphate -

dehydrogenase (GAP-DH).



2.7.2.2. THE PCR CYCLING PROGRAMME |

The PCR reaction mixture contained 10 ul of ¢cDNA from the RT reaction which
supplied 0,2 mM of each dNTP and 2 mM MgCl, to the PCR. mix (the final volumé was
50 pl). In addition to this the PCR mix contained a 1 x MgCl,-free Thermophilic buffer
(Promega) (50 mM KCl; 10 mM TrisHC), pH 9,0; and 0,1 % Triton X-100), primer
pairs at aoncéntration ranging from 0,01 uM to 0,25 pM, aﬁd Baxter water. The DNA
* within this mixture was denatured at 96°C for § minutes and cooled an ice before 05 -
10U of thermostablé DNA polymerase (Dynazyme, Finnzmes, Finland) was added. To
prevent evaporation 50 ul of nuclease-free mineral oil (Sigma, USA) was layered mi tap

of the PCR mixture.

The reaction mix was then heated to an intermediate 72°C for 2 minutes, before .the
temperature was cycled between the denaturing tetperature of 93°C for 30 seconds, the
- primer annealing température of 51-57°C for 30 seconds, and thf_: DNA polymerasa.'
extension temperaire of 70°C for 1 minute, A total ol 30 - 40 cycles were completed
(using & Fiybaid Omnigene PCR machine) followed by  final extention at 72°C for 5

2723, VISUALIZATION OF PCR PRODUCTS

The PCR products were then analysed on a non-denaturing agarose gel for 1 - 2 hours
at 60 volts. The 2 - 3 % agarose gel was made up with a 1 x TAE buffer (pH 7,2)
containing 25 mM Tris base, 20 mM sodiom acetate, and 1 mM EDTA. Bthidium
bromide (1 pg/ml) was added to the gel to -aIloW visualization of the PCR products
uﬁder UV light. The samples were diluted with DNA. loading buffer containing 1 x TAE,

11 .



50 % glyeerol, and bromophenol blue The tank buffer was 1 x TAE which also
containied 1 pg/ml ethidium bromide. |

The resulting bands of cDNA representing either IL-18, IL-IRd, IL-1RtIL, or GAP-DH,
made _visible under UV light were phq_tographed, and the negatives were smﬁed using |

a densitometer _(sée section 2.7.8.). . |

- 2.724. ENDONUCI.EASE RESTRICIION OF PCR PRODUCTS

" In order to confirm that the PCR products generated are indeed the correct producls,
specnﬁc restnctlon sm'.s for endonucle_ases were 1dent1ﬁed in _thelr sequences. Thus the
sizes of the resultant restriction fragments were compared to the theore.tncal values
- calculated. The PCR pmducts from primers prevlouSIy used in the Iaborotory were not |
restricted. | |

The altemate IL-1Rt1I PCR product (1211 bp) was digested with Eco RI (GAA"ITC)
which cleaves at position 475, generating fragments of 475 and 736 base pairs, The PCR
products were incubated at 37°C for 1 hour 30 minutes with 20 U of restriction

endonuclease,

2.7.25 SEMI-QUANTIFICATION USING RT-PCR

It is possible using RT-PCR to analyse (sem-quantltatwely) the expressmn of Sp...mﬁc
genes after the addition of various stimuli to the eells. This is achleved by addmg into
the reaction mixture an internal st;al_l_da.rd in the form of a set of primers directad agalm.t .
the ¢cDNA of a constituitiviey expresséd gene whose expression is not affected by the
agents used to stimulate the cells. These "standard” primers are added in additio_n 1o the

.



pnmers for the gene whose expression is being analysed. Thus changes in the
concentration of the PCR product of interest, relative to the standard, can be observed.
The expression of the GAP-DH gene was used as the standard in this study. GAP~DH'
is a house keeping gene which is a good stanc.Iard.to use for the study of gene expression,
a3 GAP-DH mRNA _levéls do not vary to a grest extent during cell growth (Dukas et.a.f;

1993). By adding a staudard._ to the same reaction mix, fhere are no tﬁb&tonmbe |
vanaﬂons as the B’oth reactions are suﬁjected 1o exactly the same conditions. Variation .
it the _amo'unt.df internal standard ainpliﬁed between tubes is therefore  indication of

he unequal addifion of RNA to the RT. -

2.8, RADIOIMMUMOASSAY (RIA) OF IL-18 PROTEIN
'I'he concentrauons ot' IL-13 secreted into the cell supemantants were measmed by RIA.

- The medivm in  which the cells were maintained was harvested and tested for IL-18 usmg |

an IL~18 [*1] assay system (Amersham, England). This assay relies on the competition

“between the IL-18 in the supernatants of the cells and a fixed amount of [T} IL-18 for
the binding of an IL-18 specific antibody. Thus low binding of ['®I] IL-18 indicates a

high concentration of IL-18 secreted from the cells,

A standard curve was constructed usmg known concentrations of IL~18 ranging from
| 0,0775 fmol/tube to 10 fmol/tube. A standard containing no IL~-18 was added, as « 2l
as a tube containing no anti-IL~-18 antiserum to determine non-specific binding of IL-18
to the tube. Superhata.nts were dﬂuted so that theﬁ 11-1B concentrations would fall on |

the standard curve,



Unknown sainple (25 uf) was incubated with .25 ,dl of antiserum (difet:ted against TL.-18)
for 4 hours at room temperature. [T IL-18 (25 ul) was added, vortexed and incubated
* for 24 houts at room temperature, The [T} IL-18 - . antiserum complex was removed
from the reaction mixture by the addmon of 62,5 pl of an Amerlex-M seoondaty antibody -
rcagent for 10 minutes at room temperature, This reagent. contained a secondary .
| antibody which was magnetically labelled, allowing the easy removal of the magnetized

complex usmg a magnes after oentnfugatmn. The levels of radioactivity in each tube were | : |

then measured usmg a Gamma-scmnl}awm counter,

29, THE ISOLATION AND ANALYSIS OF IL-IR] AND I1L-RtII PROTEIN

291, ISOLATION OF TOTAL CELLULAR PROTEIN |
Between 4 x 10‘ and 9 x 108 cells were washed in saline to reﬁmvé m_nMﬂng
proteins from the FCS supplemented RPMI medium iﬁ which the cells were mamtamed. '
The cells were lysed by resuspending the pellet of ceils in 200 - 300 pl Iysing buffer (pH
- 7,2) which cOniained 50 mM Trig, 5 mM EIjTA, 5 mM ethylene bis {oxyethylenenitrilo)
tetra-acetic acid (EGTA), and 0,1 % Triton X-100 (a "mn-ionic detergent). Just before
the lyzing buffer was used, 2 mM of the protease inhibitor phenylmsthylsulphonyl
fluoride (PMSF) was added. PMSF, which denatures quickly at room temperaturé, was
stored in 100 mM aliquots in isopropanol at -20°C. One part of 100 mM PMSF was
dilisted with 49 parts of lyzing buffer just before use. -



The cells were incubated for 30 minutes at 4°C in the above lysiﬂg buffer, and then
homogeniZed_ bydrawmg the cells 25 - 50 x through a 21 gauge needle. The efficiency -
of lysis was checked by staining the cell with 0,1 % trypan biue, a dye.'_which is ‘excluded.
from living cells, The proteins were separated from other oellular debx:is by centtifugation
at 10 000 rpm (in an Heraeus nncroﬁlge) for 10 mmum at 4°C. 'The supernantant,
* containing the proteins was then placed in a fresh Eppendorﬁ tube and fmzen at -70°C

until required,

292, PROTEIN QUAN’I',IFICA'IION
The total protein concentration in each sample was determined usmg the methad by
‘Bradford (Bradford 1976), using BSA as a standard.

A BSA standard curve was constucted by measunng the absorbance at 595 nm: (Bcchnan
specuophatometer) af standard solutionis of BSA. rangmg from 0,25 sg/M o 0, 0158 '
| pg/ul, which had reacted to Bradford reagent for 10 minutes (100 #1 of standard plus i
ml of Bradford reagent prepared by myself). The Bradtord reagent contained 001 %
w/v) Coom‘assie btilliént blue G250, 5§ % (v/wf) absolute alcohol, and 8,5 % (w/v)
phosphoric acid. The reagent was filtered using Whatman No, 1 filter paper and stored
in the dark at 4°C. Generally, the protein samples bad to be diluted 50 - 100 x in order
for their concentrations to fall on the standard curve. As for the BSA standard curve, the
protein samples were reacted with Bradfnré_ reageng and the resuitant abso'rbancé was

measmjed at 595 nm.



_2.9 3 PROTEIN SE?ARA’IION BY DENATURJNG POLYACRYIAMIDE GEL.

ELECTROPHORESIS (PAGB) C

Protein samples were aeparated by electrephoresm on denatunng polyacrylannde ge]s |

The gels were made denatunng by the addltton of 0, 1 % (w/v) sodium dodecyl sulphate |

(sDS). The gel was assembled so that the protein samPles first ran through a 4 %

stacking gel to unprove the resolution of the pretems_ when they next ra_n through the 10. -
% resolving gel. | ' ' | | o ' |

A 30 % (v/v) steck acxylamde / methylene 'bis-ac:ylauude sohmen was prepared wmch
contained 29,1 % (w/v) acrylamide and 0,9 % (w/v) methylene bm—acrylanude, and was
stored in the dark at 4°C fur up to 4 weelm

'Ihe 10 % reselvmg gel was prepared first and poured mto the PAGB castmg wnit

(Hoefer, San Fransmeo, USA), followed by the 4 % stacking gel The resulvmg gel

cOntamed 10 % acrylamlde / bls-acrylamlde and 1 x SDS resolvmg gel buffer (15 M
’I‘ns pH 8,8 and 0,1 % (w/v) SDS). Pelymenzauon was mmated by the addition of 0,033 |
% (v/v) tetramethylethylenedlamme (TEMBD), and 0,1 % (w/v) fresh ammonium
persulphate

The stacking gel contained 4 % acrylamide / bis-acrylamide, 1 SDS stacking el butfer
(05 M 'Tris pH 68 and 0,1 % (w/+) SDS), 003 % (v/v) TEMED, and 0,1 % (w/¥)
fresh ammomum persulphate.



Both gel solutions were degassed for 5 minutes before the addition of the TEMED and |

the ammonium persnlphatg, as oxygen inhibits polymerization,

The pmtéin Mples were dilu_te& in a Tris bufl:‘ezr (50 mM Tris pH 7,4). Between '_50 and |

100 pg of protein was loaded per lane, The sa_mple_s were loaded onto the gelinalx
~ protein Ioading Buffér (0 125 M Trié-HCl‘ pH 6 .8* 2 % (w/v) SDS;. 5 % (v/v) 2-
mercaptoethanol, 11,6 % (va) glycerol (usmg an 87 % glycerol solutwn) and 0,01 % -
bromphenol blue) The proteins were electmphoresed at a constant current of 10 mA
per gel for stackmg, and then at 15 mA per gel in the resolving gel. The PAGE electrode
buffer contained 0,025 M Tris pH 8,3, 1,192 Mglycme, and 0,1 % (w/v) SDS.

2,10, ANALYSIS OF IL-1R¢l PROTEIN BY WESTERN BLOTTING

20,1, WESTERN BLOTTING

After the protein saﬁ:ples were sepa.ratéd, they were transferad to a nitrocellnlose
membrane (Hybond-C extra, Amersham, England) by a process known as Western
blotting. Here the proteins were transblotted onto the nitraceliulose electrophoresically.
The ﬁegaively charged proteiné were attractéd to the poSitive electrode, and thus meved

_ froin the gel onto tﬁe' membrane, as'the membrane was ﬁiaded Between the gel and the |
positi;re electrode. The traﬁsblotﬁng system (Hoefer, San Fransisco, ﬁSA) consisted of
a container (with.a positive and negative electrode) into which 4 suppdrting cassett&
' could be placed. Each cassette contained 4 piece of Whatman No.3 paper, a nitocellulose

membrane, the gel, and another piece of Whatman No, 3 paper.

n



'I’hetransblotbuﬁet contained 25 mM Trs, 0,192 M glyeine, 20 9% (v/+) methano, and
0,1 % (w/v) SDS ‘The proteins were traiasblotted for 3 hoursata constant current of 200 |
mA. The blots were allowed to au: dry before ptoeeedmg with the nmmmodetecnon of |
the }L-lRtI protem. |

2.102. THE IMMUNODETECI‘ION OF lL-lRtI PROTEIN
Non-spec:ﬁc binding sites on the membrane were blocked using 3 % BSA in 1 X Tns |
buffered salme pH 7.3 (TBS) {20 mM Tns and 0,5 M NaCl) The membranes were ._ _
~ blocked by gently agltatmg for 1 hour at room temperature in the blockmg solutmn The
membrane was then washed gently in1 x 'I‘BS for 15 minutes. |

The primary antibody (diluted 1000 x) was then added to the membrane in S mi of

antibody buffer (1 % (w/v) BSA in 1 TBS butfer containing 0,05 % Tween-20 (TTBS). |

N The primary anﬁbbdy was e. rabbit anti-IL-1RtI polycleﬁal antibody (gift of CA, |
Dinarello), The membrane was incubated with the primary antibody o#emigh; (gently
agitating) at 4°C. The membrane was then washed in 1 x TIBS for 15 minutes. |

'The membrane was then incubated' witha 1:200 dﬂuted. bioﬁnyhted seeeﬁdaijr antibody |
(anti-rabbit Tg, from donkey, Amersham, Bngland) in § ml of antibody butfer for 1 hour
at room temperature. Unbound secondary antibody was washed off, after the mcubatlon
penod. mth 1x TTBS for 15 minutes,

The bound secondary antibody was det_e'cted by horseradish permudase 'labelledl

streptavidin (Am_ersham, England) as streptavidin binds strongly to the biotin bound to )
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the secondary antibody. A 1:200 dilution of the Streptavidin— peroxldase was made in the o
-~ antibody buffer. The membrane was incubated for 1 hiour atroom temperature. :I_Jﬁbouﬁd'

Streptavidin-peroxidase was washed off in 1 x TTBS for 15 minutes.

T-he Ls‘ubstrate fof horseradish peroxidase (4 'chloro-l-naphthol) was then -odded inorder

to stain for perox:dase actmty (pu.rple bands) , wlnch would then mdu:ate the presenct
of lL-lRtI protein bound to the membrane The substrate was ‘added as part of 4 colour
| development solution which contained 0,05 % (w/v) 4 chloro-l—naphthol, 16,7 % (v/v)
absolute alooho], and 833 % (v/v) 1x T.BS ‘"The -chloro-i-naphthol was first dissolved
in the ethanol whwh was cooled to -20°C. Immediately prior to use 0,07 % hydrogon
peronde was added to tho colour development solution. The membrane was 1mmersed -
in this solu_tion and gently agitated until bands appeared (5 - 30 minutes), The membrane |
was theﬁ washed with water to stop the colour reaction. The bands were then scanned

by a densiometric scanﬁor as previously described (section 2.6.8)_.

2.11, ANALYSIS OF IL-IRfI and IL-1R¢Hl PROTEIN BY IMMUMOPRECIPITATION

2.11.1. IMMUNOPRECIPITATION _

Immunoprecipitation of a specific protein involves the detection of that protein using a
 specific antibody. The protein - pnma:y antibo_dy is precipitated by a secondary onﬁbody
(unbiotinylated) bound to protein G (Slgma, USA). Protein G are group C streptococcus

cells in suspentlon.



| "Ihe secondary anﬁbody was complaxed with protem G in the follovnng way. An aliquot |

of protein G was washed 3 x in sahne. The protein’ G (150 pl) was mcubated with 100

ug of secondary antibody at room temperature for 2 hours. The oomple.x was washed 3
xinlx FBS, and resusupended in 250 ul of 1 X PBS. |

The secondary antibody - protem G bound nonspecrﬁeally to certam protems. The. -

protem sample was therefore mcubated (for 1 hour at 37°C) wrth the mmplex befm:e‘ |
starting on the pnma.ry antrbody step. The secondary antibody - protem G complex was -

then spun down in -a'mmrofuge. (Eppendorff) (2500 rpm for 15 minutes at 4"(_2_), and the -

~ proteins remaining in the supernatant were used for the immunoprecipitatinn.

Isolated proteiﬁ (75 --.150' ﬁg)' was incubated ivith i iug of pnmary antybody for 1. hour"
at room temperamre. The secondary antibody - protein G complex was added, and the
| 'mmme was incubated for another 2 hours at room temperamre The protein G bound
via antibodies to the target pro_tem,_ was removed f_rOm solutmn by centnfu_rgatmn at 2500
rpm for 15 minutes at 4Cin a mi’crofuge, and washed 3 x in 1 x PBS, Thepeli.er was
resuspended in 40 ul of 1 x denaturing protein sample buffer (see 2.10.3,). The samples
were boiled for 3 minutes. This process resulted in the dissassociation of the prﬁtein G.
‘The protein G was removed from the solution by oéntrifugation in the microfuge. The
sample of protein containing the target protem and antxboches WS then separated on a

10 % SDS PAGE gel



'2.11.2. COOMASIE BLUE STAINING -
PAGE gels were stained with Coomasie Blue in order to visualise the protein bands, The

gels were stamed for 1to24 hours. The Coomas:e blue stain consisted of the followmg o

10 % aeeuc amd, 30 % methanol and 0,1 % Coomasxe blue (R 250) The gels were
destamedthh 4 solution of 45 % methanol and 10 acenc acld untﬂ the blue background‘ B

stain cleared.

2.11.3 SILVER STAIN}NG

- PAGE gels were stamed w1th asilver s‘tam in order to detect famt pmtein bands "The .

gel was washed thoroughly in rhstxlled water to remove any acetic acid. The gel was -
mcubated in an ozudxmg solut:ou (32 mM nittic. actd and 34 mM potassmm'. .
| | dichromate) for5 minutes, and then washed twice for 3 mlm.tes in disnlled water. The | |
gel was inmbated for 30 *mnutes in 0.2 % (w/v) sxlver nitrate, nnsed for 1 nnnute in
_dlstllled water, and then immersed i in developer (0,28 M sodium carbonate and 0,837 %\_,\_ '
o formy: ;idehyde) for 30 seconds The development was terminated, when the pmtem bands

| .could be. vxsuallsed w1th 5 % (v/v) acetic acid. The gel was then washed in distilled | :
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RESULTS

The mm of this prﬁject was to investigate the éffects_ of PMA; L4, :
? -dexaimthasbne, and IL-18, on the expression of I1-18, IL-1Rt], and IL-1R¢I
it normal monocytes and on the leukaemic cell lines, HL-60 and TH;P 1. Tlns
was done with the vxe:w of pussibly usmg HL-60 and THP 1 cells as monocyte
models for the_analysxs of the effects of anti-inflammatory agents on JL-1Rs,

| .The resiﬂts obt.;med from this study are mxmmarised béluw The. effectﬁ'of IL~

1o, PMA, T4, dexamethasone and IL-18 on IL18 mRNA levels were.

analysed in PBMNGs and adhered monocytes, IL-lB protein levels. were
anzlysed in order to determine if If.4 inhibited the induction of JL-1B by "L

I_a. '

“As ne data could be generated from the IL-IRg and LI Northcn_i blot;; IL-
1Rt and Il mRNA levels were measured using RT-PCR. The effects of PMA,
- IL-4, dexamethasone, and IL-18 were tested. The effect of the stimuli on IL-
18 mRNA levels were &lso analysed, in order that the techmques of RT-PCR_ :
and Northern blotting could be compared ' '

The RT-PCR data generated for IL-1R+T was inconclusive. It was possible that
the stimuli used did not affect IL~1 receptor expression at the mRNA level. |
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Therefore the regulation of IL-IR( by PMA, IL-4, dexamethasone, and IL-18
was analysed at the pr_otein level. When producing an adhefent fracﬂqn. of
‘monocytes, the yield of cells was low (25 % of.ﬁ:e PBMNC cells remain), As
a resulf, the isolated protein samples from adherent monocytes contained low
couoentmtmns of proteiy, making it difficult to detect IL-1Rtl by oonventmnal .
Western blotnng and immunodetection, Therefore, II.rlRtI was
i;ﬁmumprecipitated from the protein saﬁaples. The advantage of -

unopreclpltatlon was that it concentrated the protem, which was then
Western blotted and JL-IRH was immunodetected. A Western blot af'
immunoprecipitated IL-1R generated intense IL-1R(I protein bands on the
imrounoblot, which made scanning and quanfiﬁcaﬁon of ihe bands easier.

The IL-1RHI monoclonal antibody was not suitable for Western blotﬁngi, as
it bound weakly to the blot and was removed during the washes in between
mcubat:lon with  the pnma:y and secondary antibodies  during

immunodetection. No IL-IRTH protein could be detected using this antibody
for Western biotting and immunodetection. The antibody was, howeifer
suitable, for the immmnoprecipitation of IL-IRill, IL-IRtI was therefore
 immunoprecipitated from adhered monocytes and HI-60 cells, Us_ing.
Coomasie blue staining, no IL-1RI protein could be detected. Sﬂfe:'staining, -
a more sensitive techmique, revealed a + 63 kDa protein band. Since IL-1R
has been reported to be a 60 - 68 kDa protein, this + 63 kDaproteinwas'
possibly IL-IR{IL, In order to confirm that the * 63 kDa protein was in fact



o IL-IR{I, the iminunoprecipitated protein was Western blotted and it was
atmmpte.d to detect the IL-IRtII on 'the blot using the conven_tinna’l. -
immunodetection tecli_niqué. 1t was thought that the IL-lRtII aﬁtibﬂdy would |
be able to detect IL-IRtI protein, if i_ha.t protam was preseni on the blot. m ]
a high enough concentratibn. Unfortunately the + 63 kDa protein band_coﬁld '
| not be deteéted on the blot. Either it was .not-'IL-lR.tII protein, or the
antibody failed 10 Temain bound to the IL-IRAIT on the blot.

3.1 LYMPHOCYTE ACTIVATING FACTOR ASSAY |
A LAF assay was performed to test for IL-18 biological activity, Mouse

thymocytes were xsolated and treated with submitogenic concentrations (1

g/mi) of Con A. Con A at these concentrations acts synsrgistically with IL-18
~ (10.ng/ml to 156 pg/ml) 1o induce proliferation in the unmature thymocytes

| (Gery et aL 1972). | Pro]iferétioﬁ was measured by fﬁe amount of [FHJ- -
thymidine incorporated info the DNA. |

Maximal pmliferatiﬁﬁ was noted at 72 hours after IL-18 and Con A co-
stirmulation. The highest conoeﬁtr_atibn of m (10 ng/ml) induoed mammal
proliferétioﬁ of___thé_ thymbcyies, indicating fhat the IL-18 _uséd'v_v_as biologically
active (seé figure 3.1.). L |
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Figure 3.1, Determining the biolagical activity of TL-1B using a LAF assay,

The incorporation of PH]-thymidine was measured aftex 72 hours of stimulation with Con A

(t pg/ml) and various concettrations of IL-18 (n=3; mean * SEM),
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3.2 CD14 AND CD11b SURFACE AN’I‘IGEN EXPRESSION
CD14 a.nd CD11b surface anngen expression was - determined by fiow :
K cytometry. The CD14 surface an_txgen is the :e_oepter-_for the oomple_x of LPS

and LPS binding protein (LBP) It is expressed on myelomenocyﬁc cell, and

_' not on 1ymph01d cells. Thus determining the percentage CD14 pomtwe cells
in a m:xed populatlon of cells such as PBMNCs, g:ves an mdlcation of the

'number of mpnocytes in the pepulatxon. It is important to deﬁne what oell

| _types make up a populatmn of cells as the receptors for interleukin-1 are '_ o

expressed on cells other than. monocytes, for example, on T cells, B cells, and |
. neutroph:ls After separating neutrophds from the other leukocytes on a Ficoll
B g:ament, P mixed populatmn r_-f PBMNCs was abta:med Of this latter
0pu1at1011 182 % (n-l) was CD14 posmve As the majonty of monocytes
- express CD14 and as other cells (sg. neutrophlls) also express CD14 one can

therefore only say that approximately 18,2 % of the cells were monocytes, .

Flav} cytometry 're{fealed two greups of cells within the mixed_ fBMNC'_ "
| pepuletion. The larger group were small cells possibly represenﬁng
lymphecytes.;’rhese small cells were only 1 % CD14 positive. The other group |
consisted of fewer -celis, but these cells"were larger-and were 73,6 % CD14
positive (n=1). Thus these larger cells may represeni the monocytes in the N

mixed ipulation.

A monocyte enriched fraction of cells was made by adhering PBMNCS to
plastic petri dishes for 2 hours and 'aspireﬁug off the non-adherent fraction
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' (sich in Iymphocytes)' The pe"rcentage CD14 positive cells in ﬂie adhefent. o
| fraction oons;sted of two groups of oeils The one subset consisted of larger. |
__more granu’ocyuc cells, as determmed by forward and side scatwr Of thise
cells 82,8 % - 90,0 % were CD14 positive (n=3), indicating the presencé of
mdﬁdcytic cells. The other group of cells were smaller and Were.mainly cou

negative,

- Percoll density gradient centrifugatibn (see 2.14.) of PBMNCs resulted in the.

* formation of a monocyte rich fraction of cells. Although the recovery of cells S

after Percoll fractlonatlon was low (9, 1 % of the PBMNCs), the oells
recovered we;*e 75,5 % CD14 posmv; (n=1), indicating that the f_ractr.onpf .

| cells were most_lj monqéytes-. Unfortunately the low cell recqvery. aﬁer Pi;fcou - |
fractioﬁaﬁon made it impossible to coll.ec.t énough cellé -in ordér to conﬁuct .
expenments. Thus -experiments were c0nducted on monocyte Eractlons
enmhed by the method of adherence (see 2.1.3. ) |

In addiﬂon to aﬁalysing tﬁe expression of CD14 on the ceils, the eipresﬁon |
of the myeloid antigen c_jm:lb _(Ma) was also determined, A mixed
population.qf_ netl_‘il'uphil depIéﬁed‘PBMNCs (see 2.1.2)) - consisted of 15,8 %
CDlib positive cells (a=1). | | |

The increased expressxon of CﬁDll‘b on the promyelocyuc leukaemm cell lme,.
HL-60 is 2 model for analysmg the dlfferentlauon of that cell line, Phorbol
“esters like PMA induce the dxfferentlauou of HL-60 cells towards
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- ﬁlaérbphages, including the induction of adh:erénce to plastic (Collms 1987). -
Despite this, in thé present study HIL-60 cells expressed _I_ow__CDIIb before
__ ©5 %, n=1) and after (03 %, n-l)'sﬁmulatioﬁ with the PMA for 24 hours. a
| After 24 hours of PMA stimulation, the HL-GO oells rnnly partlally adhered to
the pem dxsh, indicating that they had not yet sufﬁcienﬂy dlfferentlated
towards a more macrophage hke state. This Iabk of dxfferentxahon could .

. explam the low CDllb expressmn. A longer exposure to PI\M was reqmred ;
tq induce dlfferennaupn (and henoe an mcre_ase in a_dherence) in HL~60 cells, |

 PMA stimulation fqr_-48 hqui-s 'induce_d édherence in these cells.

. The acute myelogenous inpkaemxc cell line, THP-1 ('I%uc]nya et aI. 1980),

expressed higher CD11b le&els than HL-60 cells. (8, 8 - 11,6 %, n=2), PMA
. induced adherence of the THP-1 cells to the plastic petri dishes after 24
hours. PMA (10 nM) stimulation for 24 hours resulted in a’ siight increasé. in
thls expressmn (6,1- 163 %, n=2), 'Ihls lack of response to PMA by HL-60 |
cells ralsed the possxblhty that the PMA was not funcuonal This seemed
unhkely as 1t was shown that PMA (10 nM, 24 hours) mduced an increase in
the expression of IL-IRl in HL-60 cells. o
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3.3, ANALYSIS OF RNA INTEGRITY

During the isolation of total cellular RNA, the RNA is exposed to both
endogenous and exogenous RNases, which will degrade the RNA, Although
the experiments were performed under conditions that inhibit RNases (eg. the
goanidium inhibits RNases), it was still important to check for RNA integrity.
Here, the RNA was separated according to size by denaturing agarose gel
electrophoresis. The gels contained the intercalating agent ethidium bromide,
with fluoresces under UV light. The major bands visible on the gel after
separation were the 285 rRNA, 188 rRNA, and 58S rRNA, as these species are
the most numerous. When the RNA was intact, distinct 28S, 18S, and 58
bands were seen, with tie 285 band appearing twice as intense as the 188
band (see figure 3.2.). Degraded RNA appeared as a smear on the gel. Partial
degradation of the RNA sample resulted in a diminished 285 rRNA band.

Figure 3.2, An RNA inteprity gel.
Total cellular RNA was electrophoretically separated on a 1 % denaturing agarose gel. The
labels 288, 185, and 58 represent the 3 major rRNA bands of intact RNA.

89




34, ME’I‘HYLENE BLUE OF NORTHERN BL(}TS

The Northern blots, consisting of & nylon membrané, were stained W1th |
~ methylene blne to check the efficiency of transfer of RNA dunng blottmg In

_ additlon the mtegnty of the RNA and equal Ioadmg of the blot oould be )

verified (see figure 3.3 (see section 25, 4.

 Figure 33, Methyleae bine stalning of total cellular RNA on a northern blot.
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3.5 NORTHERN BLOT ANALYSIS OF IL-IB m.RNA EXPRESSION
The aam here was 10 analyse the expreesxon of 1-18 mRNA in PBMNCs, to :
determxne 1f the’ cells reSponded to the i) used in the expenments The

.' | follewmg queshons were asked. Is IL-1a or ]L-lﬂ a better inducer of IL-IB |
mRNA expressmn, and what effect does IL-4 and dexamethasone have on the
| expresswn of luIB at the mRNA Ievel? | |

 Total cellular RNA was isolated from various cells (see 2.5.1) and 05 - 10 ug

RNA was separated o5 2 1% denaturmg agarose gel and Northern biotted. IL- -

1B mRNA was detected usmg a radmlabelled cDNA probe (see 2.6.).

N Unsﬁmulated'P‘BNmCs expresse& iindeteetable amounts of lL-lB (see ﬁgu:‘e |
34.a). IL-la and IL-1!3 stlmulate the expressmn of IL-18 RNA after 1 hmu'
15 minutes, 2 hours, and § hours 30 minutes in PBMNCs. IL-18 (10 ng/ml)' |

| mdueed mo__re IL-18 expression than II-1e (10 ngfml)- (see figure 3.4.b. for . -

 depsitometric scanning data). Bqual loading of the agarose gel with the RNA
samples was ensured by determining the concentration of the RNA
spectrophotometricaly, As the house—keeping‘ gene GAP-DH was not probed
for on this blot,.ihe Iresu'lts can o_nly be used as an Iindicatien ef_ .the effects IL- .
1o and IL-18 have .oe IL»lB praduction. Two rows of bands can be seen on |
the blot in figure.3 4. The presenﬁe ef an addiﬁoual hend and trailing ef the
bands may indicate that the RNA was partially degraded. The I!..-lﬁ ptobe
eould have bound nonspeciﬁcally to the RNA on the blot, although this seems "
unlikely as only two distinct bands were detected.
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 From the information in figure 3.4, one cannot ascertain whether the increase - |

in IL-IB mRNA due to IL-1a and ILAIB stinnﬂdtion-is' dué to an im:reasem |

| '_thetrauscnpuonofthemwgene ordnewanmmeasemtheha]fhfeaflb |
-mmRNAspecles(seedmcusmun,sectmn4.3) o |

Itis drﬁcult to interpret the resuits iu ﬁgure 3.4. for the foﬂdwing reasonﬁ* (1)
10 mtemal standard was. pmbed ﬁor (eg. GAP-DH), 2) denmtometnc_ :

__ smnmng of large diffuse ba.nds was’ dlfﬁcuit; (3) the RNA appears partta]ly_ _
 dograded in the autoradiograph (although blms were stained with methylene |
- blue to detect. degraded RNA_), and (4) the ex_penment was qn_ly perfmed' .

onee,
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Flgure 3.4, Northera hlot analysis of 71-16 mRNA expression &n
PEMNCs.

a Autoradwgraph of an IL-18 Northcrn blot Lanes 1-3, 4-6, 7, and 810 represent L8
mRNA after 1 hour 15 minutes, 2 hours, 3 hours, and 5 hours 30 minntes respectively (n=1). -

Stimul: Janes 1, 4, 8: control; lanes 2, 5, 7, 9: IL-Lo. (10 ng/mi); lazes 3, 6, 10: IL-18 (10 ng/ml)

b.Dens:tometm: scanning dat~ f the bands appearing in figure a. The relative absorbance of |

- cach band has been convertes. Janarea(marbﬁraryumts)
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Iu the foﬂorwmg expenment, adherence ennched penpheral blood mcnocyte. | |
| .:frai:huns expressed IL-lB in- control ce]]s (unstzmulated cells) after 4 hours__f :
| mcubanon at 37°C. These oells may have bee*ngmechamcally stimulated or .
| _ st!mulated dunng the lsolanon pmcess by LPS (possﬂ:ly due to, f'antammatlon N :
of the anﬁcoagﬂant heparin wﬂ:h LPS). Aﬂherence to the plastu. pctrx cilsh.
| . .mduces the exmessmn of IL-IB mRNA, but uot the translatson of ﬂns message | |
B (Amon and Webb 1994). A 4 hour exposure to PMA. did not alter the

'expresmon of 1-18. Dexamethasune alone and IL-4 alone appeaxed to

"'decrease the amount of IL-18 mRNA, while IL18 appeared 1o stimulate its

o own expresmon (See- ﬁgure 35 ) Large mter—personal- dﬁerences in- the-_-i‘ |
__ expressmn of IL-IB mRNA, were observed, Donor 3 (lanes 11 -15 in ﬁgure o
:-_T' 3.5.) appeared to have a generally lower IL-iB mRNA expressnon that the .

other two donors (0,5 p.g mRNA was loaded onto the gel per donor)
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Figuwe 3.5. Northern blot analysis of IL-1B mRNA. expression in adhered monocytes.

a. Autoradiograph of IL~18 northern blot (n+=3). Adbered monocytes were stimulatedd for 4
hours with the following sthnuli; lanes 1, 6, 11: unstimulated; lanes 2, 7, 12: PMA (10 aM);
lanes 3, 8, 13; IL-4 (10 ng/ml); lanes 4, 9, 14; dexamethasone (106 nM); lanes 5, 10, 15: IL-18
(100 ng/ml,. Lanes 1.5, 6-1C, and 11-15 represent the IL-18 mRNA. expressed in the adhered
monocytes from donors 1 to 3 respectively.

b. Densitometric scanning analysis of the autoradiograph in a, The relative absmbam:e of each
band was converted to an area (in arbitrary units), Donor 1: hatched bars; donor 2: clear bars;
. &nd donor 3; solid bars,
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'IL-4 mhibxts the emprasslon of IL-IB in monocytes ‘when that expremon is
stm:lulated by LPS (Estrov et al. 1993b and Banchéreau et al. 1994). In

adhc_sred monocytes (see ﬁgur_a_ 3.6), it was fm_nd that_ uns_tmnﬂated cells
 produced low levels of TL-18 mRNA (confirmed in figure 34.). IL-18 (10

ng/mul) and LPS (1 pg/ml) induced I1.-18 mRNA expression, IL4 (10 ng/ml)
mhibited the sunmlanon of IL-lB by IL-IB and by LPS, although this -
inhﬂntmn did not re&uce ﬂw IL-IB mRNA 0. the amoums found m'

| _unsﬁmulated cells (n-2) (see figure 3.5, )

= ﬁgure 368 the IL-18 bands detected on the Northern blot appear tobave

-different sizes, indwated by dnfferent mobilities in the gel. Itis poss:bla that

the amnunt of lL-lB mRNA in eanh lane d:ft‘ered to such a great extent (due_ |

~to LPS stlmulauon for exampla), that the mobxlity of the IL—lB mRNA

 oceurring at-hlgh concentramns was retarded in the gel. Xt would have be«_en g
useful to check the eﬁual'laading' of the total eellulai RNA bﬁto the gels, by

pmbing for the GAP—DH housekeeping gene on the same blot, Unfommaxely
this expenment was 1ot successful in this regard (and for ﬁgure 35)
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Figure 3.6, Northern blot analysis of e effects of IL-4 on the expression of I-tH mRNA in
adbered monocytes,

a. Autoradiograph of IL-18 northern blot. Adhered monocytes were stimulated for 2 hours.

Stimuli: lanes 4, 7; wnstimulated; lanes 2, 8: IL-4 (10 ng/ml); lanss 3, 9: IL18 (10 nig/m1); lanes

4, 10; LPS (1 pg/ml); lanes 5, 11: IL-18 and FL-4; lanes 6, 12: LPS and YL-4, Lanes 1-6 and 1
represent the results obtained from 2 donors.

b. Deasitometric scanning analysis of the antoradiograph in a. The relative absorbance of each
band was converted into anarcn(inarbm-aryumts) The meun of the two sets of data is
reprasented,
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34. NORTHERN ﬁmT ANALYSIS OF lL-mtu wRNA EXPRESSION

) _Dexamethasone increases tlre expremon oflblRtIi in neutrophils (Shwh e
o .aI. 1993 and Colotta and Manmvani 1994b) II.rIRtI and IL-iRtII expression

" could not be detectﬂd by the method of northem blotnng in ?ercoll ennched "

-~ monocyte fractlons of oe]]s (see 2.14) (data not shown) Possnble lL—lRtII o

mRNA (apprommately lmobp)wasdetectedm“l‘l-ﬂ’-l cel]sbut not in HL-
600ells (see figure 3.7.). Itwasnot clearxfthxswasaspeclﬁcbandfornr -

- 1RtII as the radiolabelled oligo-meleotide probe (IL-lRtII PCR product)'

| ~ bound nonspeclﬂcally to the blot, especmlly to the _285 RNA and 188 rRNA |
' bands as was determmed by the staunng of the blot w;th meﬂlylene blue-
(data not shown) It woqld have been useful to increase. the stringency of the-

washes in order to decrease the uon-speciﬁc binding of tha probe to the 288

and 188 rRNA. bands
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Figuore 3.7, The Northern blot analysls of lL-l.Rtl{ mRNAexpression inTllP-l cells and HL66
cells. :
An autoradmgraph of IL-1R(II mRNA expression (one of two exper:menta) Lanes 14
‘represent THP-1 cells and lanes 5-8 represent HLG0 cells. Lanes 1 and 5 represent the
expression of IL-1RGI mRNA from untreated cells and lanes 2 and 6 from dexamethasone (100
nM) treated cells incubated at 37°C for 4 howrs. Lanes 3 and 7 represent stRNA from -
untreatedccllsandlanes4and8£rom dexamethasone treated cells mcubated i\.r‘Ahoursat
3rc. -

3.7, OPTIMISING THE CONDITIONS FOR RT-PCR

COnd1tinns for the dxfferent RT-PCR reactmns were opnmised by altenng
variables such as the MgCl, concentration, the concentration of the primers,
and the annealing temﬁer#ture. F’_o'r each primer set, these variables need to

be altered to give optimal detection and amplification of the cDNA sequernces,

Two MgCl2 concentrations (2,0 mM and 3,5 xﬁM) were used in the PCR
reaction mixture, Figure 3.8 shows the effect of MgClz conéentfaﬁon of 35
“mM (Jane 1) and 2,0 mM (lane 2) on the amplification of IL~18 (811 bp) in

adhered monocytes. The amplification was more efficient when the lower

99




concentration of MgCl, (2 mM) was used in the reaction mixiure, and hence
. this was the concentration used for IL-18 PCR. No GAP-DH (internal

control) was amplified in this reaction. ’I'heei ¢DNA for the two PCR reactions

 came from the same RT reaction, thus éliminating varia‘tidns in ampliﬁcéﬁon o

 dueto d:fferent amounts of cDNA bemg present in the PCR reaction mixture.
This does not, how\.ver, ehmxnate tube to tube vanatmns occumng durmg the |
PCR. This effect of the MgClL, c_oncgntranon was notedon a reglﬂa: basis
- _d;iﬂng me many RT-PCR reactions performed in the iaboratory 'Mgc:l2
~ concentrations lugher than 3,5 mM (eg. 10 mM) completely inh1b1ted the.
PCR, as no bands could be detected on 4 stiyidium bromide stained agarose

. .gel (data not shown)
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Figure 3,8, The effect of fferent MgC!, concentrations on the eﬂiciency of amplincaﬂon of
- TL«18 ¢DNA, . :
IL-1B cDNA was amplifi .~ - CR in 30 cyeles, and the PCR product (811 bp) was rua on a
2% nun-denatlmng agai v The anuealing temperature was 58°C and the IL-18 primer
concentration was 0,25 pM (see 2.8.2.2). The MpCl, conicentration in lane 1 was 3,5 mM and
in lane 2 it was 2,0 mM. The blank was clear (not shown). The molecular mass mar'ker appcars
in laue M. _

The concentrations of the primer sets were alteted to opt;m:se the eﬂxclency

of amphﬁcatmn durmg PCR (Dukas et al. 1993)

Often .two sets of primers were used in the same PCR reaction mixture to
coampﬁfy two ¢cDNA sequences, one sequencé'heing the internal standard
GAP-DH. The tﬁrgel_: sequence (eg. ILrlRtII) aﬁd the internal standard
‘sequence (eg. GAP-DH) must be amplified at the same rate so that the
. intemal_standard can be used as a reference 1o ensure that equal amouﬁts of
~ total ce]lula.r RNA were added to the RT reaction. Thus separate PCR
reactions can be c;impared to one another, minimising the effects of tube to

tube variation (Dukas ef al. 1993),
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IL-1RtH was expressed in very low concentrations in THP-1 cells, as up to 40

PCR cycles were needed to amphfy enough ¢DNA to detect the PCR pi'oduct

on an agarose gel. When the target sequence such as IL-1RtII was present in

' low conc¢nt_raﬁ0n’s,3 the GAP.DH ¢DNA. concentrations were therefore

 relatively higher. Thus the GAP-DH primer concentrations were lowered

(from_O,I_ sM down to 0,01 gM). At the same time the target sequence

primers concentrations were high, at 0,25 uM to 0,5 uM. This resulted in

similar rafes of ampliﬁcaﬁon, as both IL-1R{II and GAP-DH products could
- be 'detected in thé same PCR reactioﬁ. ¥ the two PCR prOdﬁCtS accmnulate |

at sumlar rates, ne1ther one will use up one of the lumted componenfs of the

PCR mlxmre, thus both PCR product would be amplxﬁed to a detectable

leveL Ina similar reaction, if a GAP-DH primer concentration of 0,1 pM was

' used, the increased formation of the GAP-DH PCR product appeared to

inhibit the amplificdtion of the Jess prevalent target sequence {(data nd_t:
shown). This inbibition was possibly cansed by exhausting a Iumtmg
compouent of the PCR reaction mixiure, before the target sequence has been

amplified to a detectable concentration on an agarose gel

- IL-1RtII mRNA was expressed at higher concentrations in adhered monocytes,

as only 30 ¢y¢1es were neédedl to detect the PCR product on an éga:ose_ gel,
Yn this case & higher concentration of GAP-DH primers (0,1 pM) wa réqtﬂred
to achieve a similar rate of amplification. In figare 3.14. (where IL-1R¢lI and
GAP-DH were detected in adhered monoc@tes) a JAPDH primer

concentration of 0,01 sM was vsed in the PCR reaction mixture, while the IL-
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1RAIT primers were at 025 #M. As can be seen, the IL-IR{I PCR produet_
appeared to havc_sﬁppres.sed the formation of the GAP-DH PCR product,
possibly. by deplcting the PCR'icacﬁon mixture of ANTPs. 'Ifhus- a higher
- GAP-DH pnmer concentratlon of 0,1 M was used when the target sequence |
- was c@resscd at hlgher Tevels mtheccll

| _F:gurc 39, shows that chaugmg the pnmer concentrations of the target

| sequence effects the efﬁclency of amphﬁcation. A high pnmcr concentratmn o |

(0, s sMn lane 1, Hgure 39.) resulted in the formatmnofpnmcr-dxmerwlnch
“was amplified during the PCR oyeles, The fcrmatlcn of high amounts of |
| pnmcr d:mcr cauld have depleted one of the hm:ttcd Tesources in the reacnon |
mixture, thus prevcnttng the ampnﬁcatlon of thc }L-IRﬂI PCR product after .
| a certain number of cycles. When 0,25 uM primers was uscd (Iane 2), pnmer
dimer form.aﬂon was reduced and the PCR product band was more intense,
When a still lowex primer ccnccntraticn was used (0,1 ,uM), the primer chmer B
was ah:ncst absent. Thc low primer concentratxcn reduced thc amphﬁcatmn_
of the target sequence, thus rcsultmg in a less intense PCR product band. The
- aim of opnmlsmg the PCR reaction is not, however, to prcduce the most
intense bands on an agarose gel. Lcss intense bands ate easier to quantltate
using dens:tomctnc scanmng, than very mtcnse bands. Subtle differences 1 m
band intensities are more cbwous or dctcctable m mcderately mtensc bands ;

' (cg Jane 3, ﬁgnrc 39)
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Figure 3.9, The eiIect of changing prlmer ouneentraﬂons on the efﬂelenq? of ampliﬂeatlon .

during PCR,

Alternate IL-1RHT primers were used (see 28.2.1) at 0,5 pM (lane 1), 0,25 pM (lana 2), and

- at §,1 pM (lane 3). This IL-IR{T expression was found in unstimulated lymphocytes
~ (nonadherent fraction of cells) (see 2.1.3) after 30 cycles. The annealing temperature was 57°C,

'I'bcarwwmd:catespnmerdlmer 'l‘hePCRproductsmrenmonaz% agarose gel.

Thcré is pn opt:mal temperature at which the primefs anue_a'l't'o the templaté |
c¢DNA whefe the binding of the primers is sequence spemﬁc. At too l:ugh
annealing temperatyres the primers either do not bind or they bind
| nonspecifically to the ¢cDNA. The annea!mg temperature for a pnmer set was - |
taken as & 10°C below the average melting Qoiut of the two primers. For the
IL-1Rt prime;s the average meltirg point was 63°C. Using the IL-1RH
primers an .aune'.aling_ temperature of 57°C resulted in the formation of
multiple PCR product bands. An annea.hng te‘mpefature of 51°C resulted in

the formation of one specific band of the correct size (data not shown).
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'3.3. RT-PCR ANALYSIS OF IL-lB mRNA LEVELS | |
k PBMNCs were adhered for 2 hours and the nonadherent cell (mainly

lymphocytes) and adherent cells. (monocyte nch) were analysed for IL-IBf o

mRNA expresswn. The purpose of dmdmg- the PBMNCs into monocyte rich |
and lymphocyte rich fractlons, was to determme i there was any dlﬁerence in

the expremon and regulatlon of IL-18 between the two pnpulauons.

3.8.1. TL-18 mRNA EXPRESSION IN ADHERED MONOCYTES
* Adhered mo_nocytes-fmm 3 donors were stimulated with PMA (10 DM), Ib-4
o (lo-hgfml), dexamethasone (100 nM), or IL~18 (l(lll ng/ml) for 4 hoﬁr‘s at.
| 37°C. Total cellular RNA was. isolated. aud analysed for changes m 1LA18
mRNA expressmn by RT-PCR (ﬁgure 3.10.). The PCR was performed atan
anneahng temperature of 58°C for 30 cycles, using IL-18 (0,25 uM) and GAP-
DH (0 1 uM) primers. Unstirulated cells exhibxted high 1L-18 expression.

There was little difference between the JL-18 mRNA levels in the eells after E

4 hours of stmmlanon._ Dmmethasone tended to decrea_se. IL-18 expression.
The similarities in the band intensities may be due to the RT-PCR technique,

and have litle relation to the actual IL-18 mRNA. levels in the cell. The
difficulties with the RT-PCR technique are discussed in the section 4.5,
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Figure 3.10. RT-PCR analysis o7 H<18 mRNA expression In adhered monocytes.

a. A 2 % agarose gel of I1.-18 (811 bp) and GAP-DH (587 bp) PCR products, where GAP-DH

is the internal standard. The adhered monocytes from 3 donors were stimulated for 4 hours at
- 37°C. Stimuli: lanes 1, 6, 11: unstimulated; lanes 2, 7, 12: FMA. (10 nM); lanes 3, 8, 13: IL-4 (10

ng/ml); lanes 4, 9, 14 dexamethnasone (100 nM); and lanes 5, 10, 15: IL~1B (100 ng/ml), The

blank showed no contamination (not shown). Lane M: miolecular mass marker,

b. Densitometric scanning analysis of the sthidium bromide stained gel in a, The relative

absorbance of each band was couverted into an area (in arbitrary unitsy (n=3; mean * SEM).
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382.1L-18 mRNA EXPRESSION IN NONADHERENT LYMPHOCYTES

7ﬂflmtia.r.ilti'ererjl.t : I}unphbcytes wére isolated from 3 donbrs’ (sée 2.13) and
| stamulated for 4 hours at 37°c with PMA (10 nM), | (10 ng/mn
_dexa_m_eth_ason_e (100-nM), or ]L-IB (10 ng/mi). ‘The mRNA _leveh'_,.wgre_
| analySEd by RT-PCR (see 3.7 1 for PCR coﬁaiﬁons) GAPDH was not. used -
as an mtemal standard in this expenment, as I was not able to ophmme this
' reactmn with respect to GAP-DI—I and IL-115 primer concentration. ’I‘he RNA -

was_quantxﬁed _(as with the other reactxons) specu'ophutpme_mcady and 0,5 Bg - :

of RNA was added to each RT reaction. A fixed amount (10 4l) of gach RT

reaction wes amplified by PCR ander the same conditions. The results of one.

'dbnor_- arc_.discu_s,'sed. The unstimulated cells show high IL-18 expression,
Lossibly due to mechanical sﬁmulation, LPS contamination of the -.

. aﬁticoa'gulant heparin"duﬁng' the isolation proéedura PMA (10 nM) appeared

to increase IL-18 mRNA levels, while L4 and dexamcthasune appeared to

inhibit IL~113 mRNA expre.:smn (see. fgure 3. 11 e

Unformnately, no statements o the effect of these stimuli can be made with
any certainty due to the lack of a GAP-DH standard. For example, in this

particular donor (lymphocyies), dexamethasong uppears to decrease IL-18

mRNA, D_exametﬁasone might' bw cytotoxic to lymphpcytés, therefore, the

- decrease iﬁ 1L-18 mRNA may simply be. due to a decreas’q_in total_':cellulaj.r
RNA -caﬁsed by cell _death. Although the RNA éonéent_ra_tion.in each samﬁle

| was measured, and a .consté;nt'.afnount of RNA was added to cach reaction,

the spectrophotometric tochique is possibly not as sensitive as the RT-PCR o

107



‘1nternal standard in d'et_ecting small changes in RNA concentration. A smail =
 difference in the emount of RNA added to the RT-PCR is amplified by the
PCR reactxon, resultmg in large dlfferences in the PCR product bands The _

- dlfﬁculties with the R'I‘-PCF techmque a.re dlscussed in sectlon 45. No IL-IB B

. expressmn conld be detected in HL-o0 cells (sea sect:on 4, 5. for a discussion . |
of thls ﬁndmg) o _ _
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Figore 3. 11, RT-PCR analysis of IL-18 mRNA expression in nonadherent i

lympkocytes. _
a, A 2 % agarose gel of IL-18 PCR product. The 3 donors’ nonadherent
lymphocytes were ireated as in figure 3.10. The lanes are labelled as in figare
3.10. except that there are no GAP-DH bands here. T1e blank showed no
contamination (Jane B). The molecular mass marker appears inlane M.
b, Densitometric scanning of the bands on the agarose gel in a. (lanes 1-5 only
ie. donor 1). The relative absorbance of each band was converted to an area
(in arbitrary units).
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~ 39. RT-PCR ANALYSIS\OF IL-IRtl mRNA LEVELS

LR mRNA could not be detected by Northern blotting using a PCR

generated o_ligonudeotide probe. Possibly, the 'PC_R-prdduct pro'be_ failed to

hybridise with the IL-1RtI mRNA. In order to generate data on the expression

of IL-IR in monocytes and the leukaemic HL60 and THP-1 cells, IL-1Rl
mRNA was detocted by specific primers using the RT-PCR icclinique.

3.9, 1 I[rlRtI mRNA EXPRESSION IN ADHERED MONOCYTES |

B Adbered monocytes (see 213) from 3 donors were stimulated for 4 hours at

37°C with elther PMA (10 nM), IL-18 (10 ng/ml), dexamethasone (100 nM), _

or IL—lB (100 ng/ml) ’Ihe RNA was analysed by | RT PCR (2. 7 ) for 30 cycles :

using IR pnmem (0 25 #M). The anneating temperature was 51°C and

the MgCl, concentration was 2,0 mM. GAP-DH was used as s internal standard

' (091 “M)

Unstimulated cells exprésse'd similar levels of IL-1Rt mRNA as sii:ﬂula,ted' |

(eg. with PMA, TL-4, dexamethasone, or IL-18) cells indicating constitutive
éxpression of IL-1R] in adhered monocytes, After 4 hours of stimulation with

the various reagents, there was no difference in the LRt mRNA levels
éxpressed in these cells (see figure 3.12.a.). PMA after 4 hours indliced a

greater degree of adherence (a morphblogical change) to the plastic'petzfi dish.

Adhered monocytes éxposed to PMAfbr-4 hours éﬁpeared more flattened and =~ -

they had more cytoplasmlc Pprojections, appearmg mm'e macrophage - like

than freshly isolated monccytes. This increase in d]ﬂereutlanon was not
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‘accompanied by a change in the IL~IRtI mRNA levels in the cefls.

392 IL-1Rt mRNA EXPRESSIGN N HL-GO CEI..LS

_ Ch.llmred HL—&O cells from (n--3) were stm:zﬂated thh exther I’MA (10 nM) ‘

) - 4 (10 ng/ml), dexamethasone (100 M), or IL-‘J.B (100 ng/ml) for 4 hom:s' N
at 37°C. The RNA was analysed by RT-PCR usmg the same condltmns asin
3.9.1, except that 0 01 uM GAP-DI-I pnmers were used as an mtcmal_- '

| standard;i o dlfferencus in the expression of IL-lRtI mRNA after 4 hours of -

- sﬂn::ﬂatmn with the vanous reagents with respect to the control cauld be
- 'detected (see. ﬁgure 3. 12 b.). PMA. did not induce adhetence of the HIL-60

: 'ceﬂs aftex 4 houxs, md:catmg that the cells had not dlﬁerennated towards

macroPhages TIns mdlcates that PMA exposure for 4 hours was msufﬁc:ent

o to induce dlﬂ’ercnuatmn iu the HL60 cells. Perhaps a luuger PM sumulauon __ |
for I-IL-GO oel]s was reqmred or a different dlﬁ'erennaung agent sl‘mh as 12- 0—_ '
' tetradecauoyiphorbol-ls-acetate ('I'PA) 'I'he unsumulated cells expressed

similar le_ml_s of IL-1RtI compared to spmulated cells mdlcatmg consntuuvc

emressitgn of lLalR_fI in HIL~60 cells. 'S_ée section 4.6. for a discussion ':.)f these

resulis,

111 _



= - . : g

Figure 3,12, RT-PCR analysis of JL-ERtI mRNA levels in adheréd monocytes and HL-50 cells, |
Nondenaturing 2 % agarose gels of IL-1RH (379 bp) and GAP-DH (579 bp) PCR products in
(a) adhered monocytes and in (b) HI~60 cells. Stimuli for both gels: lanes 1, 6, 11:
unstimulated; lanes 2, 7, 12: FMA (10 nM); lanes 3, 8, 13: IL-4 (10.ng/ml); lanes 4, 9, 14:
dexamethasone {100 tM); lanes 5, 10, 15: IL-18 (100 ng/ml) (n=3}. The PCR conditions were
as in 3.8.1, The arrow in b. indicates primier dimer, The blank showed no contmnmnuon(nnt
shown), Lane M; molecular mass marker,
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393, HA1RH mRNA, EXPRESSION IN THP-1 CELI.S

. THP—loeHs(n=2)werestmnﬂatedw1thPMA(10nM)for4andz4hours, o

“The PCR cond1tiom were the same s in 331 except that the GAP-DH "

- pnmerswereusedataooncentrauunofn,m #M. Unsumulatedcellmzpressed_.- o )

| theIL-RAmRNA, indicating constitutive IL-Rd expression (see figare 3.13.
: _lanes landS) PMAmduoedadherenceandthusdﬁerenuaﬁonoftheTHP '
cells after4and24hours Fromthe datamﬁguresm 1twaﬁd1fﬁcu1tto:
| "ascertamwhemer PMA stimuiztion alteredtheexpresslonofmmtt mRNA. -

- -Dens:tomemcscanmngofthebandswasnotposﬂble,asthebandsweretoo Lo

- Flgure 3. 13 demonstrates ‘the 1mportance of detenmnmg the RNA .

concentrauon in each sample spectrophntumetnca]ly before proceedmg w1th o
. the RTPCR.It:snotsuﬁmenttoreronthe usenfaninternalstandard such

as GAP-DI-I to sami-quanutate the banﬂs appeanng on the agamse gel. It
makes it dﬁculttnwsually estlmatetheeﬁectufvmoussunnﬂgwhen_
densitometric scanuing of the results is not possible. - |
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Figure 3413, RT-PCR analysis of m-mn mRNA levels in THP cells,
A 2 % agarose el of IL-1RtI and GAP-DH PCR produets, Stimuli: lates 1, 5: mstnnﬂated

(incuibated for 4 hours); lanes 2, 6: PMA. (16 oM, 4 hours); lanes 3, 7: uastimalaed (incubated .

for'Mhours),andlanest#andsfmmPMA(lUnM,Mhours)’l‘hearmwmdlcatespnmer '
dlmer The blank showed no containination (nct ahovm) ' _

3.10. RT-PCR ANALYSIS OF IL-IRtIl mRNA LEVELS

3.10.1. IL-1R¢ mRNA EXPRESSION IN ADHERED MONOCYTES

Adhered monocytes from 3 different donors were stimulated for 4 hours at-
37°C with either PMA (10 nM), 114 (10 ng/ml), dexamefhasone (.1'00 nM),
or IL-18 (100 ng/ou). The isolated RNA was analysed by RT-PCR (see 2.7
for 30 cycles. The annealing teﬁlperatur.e was 51°C, the MgCl, concentration
was 2,0 mM, and 0,25 sM IL-1RAI primers and 0,01 ub ot v, ,uMGAP-DH |

primers were used in the PCR reaction mixture,
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Figure 3.14.2. shows the PCR products obtained when 0,01 uM GAP-DH
primers were u'sed; The GAP—DH PCR produt:t was barely visible suggestmg
that a h:gher GAP-DH primer ooncentratlon was required. Despite the Lack
of internal standard, the RNA added to each RT reaction was kept constant .
s Hg) In addition the RNA molated from the samples was of 3 high purity,
as the ratio of the absorbanoe of the sample at A.m ot S Am i (was close or
R equal to 2' : 1._ This ratio ,;ndgcates ne_ghg:ble amounts of con_taminanng
- prp_téin, ie. wiih a ratip of 2 : 1, the absorbance at 260 nm gwes an acéurate

~ estimate of fhe amount of RNA.preSent. (Glasel 1995). Thus, trends in the
results can be noted. PMA did not affect the expression of the TLARMI

R .-_-;A-_-lévels after 4 hours compared 10 unstinmla,ted cells, Sugges tmg ihas ._ -
differentiation for 4 hours with PMA (indicated by au increase in adherence)

towards macrop_h_ég_es does ot result in altered IL-IRHII expression in the
cells. Both IL-4 and dexwf:ieﬂ:asonedrﬁmaﬁcally increased the amount of IL- N
1R mRNA.'Ihis increase could be due %0 an increase m TL-IR{I gene
expression o an increase in the stability of the mRNA. TL-18 did not alter the

expression of IL~IRtII mRNA in the ce]ls dompared fo unst:mulated | cells.

Smce the GAP-DH PCR product ba.nds were 100 fmnt for den51t0memc
scanning, additional tag polymerase (0,5 U) and GAPnDH primers (0,1 ,uM) ;
were added to the reaci_:_iq_ri mixture after an aliquot of the completed PCR _for
{L-1RYII was run on an agérose gel to give the results in ﬁgufe 3;14.3; The
reaction then was a]lowed to continue for an additional 30 cycles The |
resulting gel revealed distinct and intense GAP-DH bands, as well as the




original TL-tREI bands, whose relative interisitic. ad not altered to & great
extent during the additional 30 cycles, With the GAP-DH PCR pmdﬁet-men._ S

_-mfble, effects of unequal RT and 1oad1ng of the gel could be eliminated

o :wu.hm one donor but not between donnrs ’I‘he reason for thls is that GAP-' '

- DH mRNf levels (in fxgure 3. 14b\ vary between donors. A fauly constant' _

: .. amount of mRNA {0, S ug) was added to each RT-PC& reaction, yet it is clear

. _tha:t donor 1 (lanes 1.- 5) has less GAP-DH than donnr 2 (taries 6 - 10) The

upregulation of the II.rIRtII mRNA levels by IL-4 and dexamethasone was '
' .Z_confinned The scarnnmg dataforbothgels appears mﬁgure 314c and d
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Figgre 3.14. RT-PCR analysis of IL-1Rt)§ mRNA in adbered monocytes.
Noudenaturing agarose gels (2 %) of IL-IR{II (379 bp) and GAP-DH (579 bp) PCR producis.
The adkered monocytes from 3 donors were stimulated for 4 hours at 37°C in the following

way: lanes 1, 6, 11; unstimulated; lanes 2, 7, 12: PMA (10 M), lanes 3, 8, 13: IL-4 (10 ng/ml); -

lanes 4, 9, 14: dexamethesone (100 nM); lanes 5, 10, 15: IL-18 (1001 ./ml). The PCR reaction
miztures for a, contained 0,01 pM GAP-DH as internal stardard, The PCR mixes for b, were
the PCR reaction mixes from a. after 30 cycles, with the addition of 0,1 pM GAP-DH and 0,5
U DNA polymerase, The reaction. was then allowed to proceed for another 30 cycles. The
blanks showed no contamination (lane B). Lane M: molecular mass marker.

¢. and d, Densitometric scanning of the bands in a. and b. respectively. The relative abso:bancc
of each band was converted to an area (in arbitrary units). .
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3.10.2. IL-IRtII mRNA EXPRESSION IN 'IHP 1 CELLS _

 THP-1 cells were stimulated with IL-4 (10 ng/mi) for 4 hours. In pne + of two
e:chnments, 1.4 stlmulated an increase in IL-1RiH mRNA found in the oells,- |
as determined by RT-PCR (sec 2.7) Unstlmulated cells expressed low levels
of IL-1RilI mRNA. |

—GAP-DH
R
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Figure 3.15, RT-PCR analysis of IL-1RtIT mRNA expression In THP-1 cells treated with TL-d,
a. A nondenaturing agarose gel (2 %) of IL-IR{II and GAP-DH PCR products. Stimuli; lanes
1, 3: unstimulated (incubated at 37°C for 4 hours); tanes 2, 4: TL-4 (10 ng/mi) for 4 hours at
37°C, The blank showed no contamination,

b. Deasitometric scanning of the bands in 4. (lanes 3 and 4). The relative absorbnuce ofeanh
band was converted into an area (in arbitrary units). :
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E 3.11 ENDONUCLEASE RESTRICTION OF PCR PRODUCTS

In order te determme if the pnme.r pau's are anneahng spec:ﬁeally to the.__ L
- template cDNA, the PCR product is cleaved at spemﬁc sites m its sequ\.nee.:-
If cleavage W1t11 a spec:ﬁc endonuciease generated fragments of the predzeted |

.- sizes, it is assumed tha.t the eerrect PCR product has been amplified, All of
the primer paus generated PCR pmducts of the predleted sme, indlcanng that

the pnme:s were Iecegmsmg their s:eeeiﬁc cDNA sequences. -

 Two pnmer pau's were avallable te analyse IIARﬂI mRNA expresswn. The -
altemate IL- IR PCR product (1221 bp) (see 2.8, Z.L) was eIeaved by Eco
: __RI, generatmg fragments of 475 and 736 bp (see ﬁgure 3. 16) In ﬁgure 3. 16

; .the two dlgesnan fragments appear shghtly larger than the predlcted sizes, but

e ey

| tl:us was possibly due to retardat:en of the moblhty of the DNA fragments in

'the gel Beth IL-IB and GAP-DI—I primers had been prekusly estabhshed as

produemg the corrent PC‘.R products in the laboratory and were not tested. IL- .

| '_1Rt1 and IL-1RII (387 bp) products were not digested, as I was unable to
isolate the PCR products from the agarose gel. The PCR products were run

on an agarose gel in order to Separate them from primer dlmer which would

ohs<:ure the results of the dlgesimns The IL-iRtI (Ferran et al 1993) and L

18 (Lamck et al 1989) pnmer sequences were ebtamed from pubhshed

| 'papers It was therefore assumed that they generated the correct PCR

products,
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Figum 3&6. Endonuclease mtrlctlon of the alternate lL-lRﬂl PCR product. . = '
A 2 % nondenaturing agarose gel of the alternate JL-1RtH PCR product (1211 bp) (lane 1)
~cleaved with Eco RI to generate two ftagments of 736 bp (a) au(i 475 bp (b) (lane 2). The

o mnlecular mass marker is in lane M.
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3.12. RIA ANALYSIS OF IL-18 PROTEIN EXPRESSION IN PBMNCS
 PBMNCS were stimlated with either TL4 (30 ng/ml), IL-L: (10 ng/mD), 12S
o (1 pg/ml), a combinaﬁon of IL-llloz andIl4,ora cnmbmauon of LIPS and IL-
4 for 24 hours The cell lysates and supernatants were analysed for thc_
 presence oflL-prrotemusmgaRIA(see 28). Cell lysate Erlﬂrepresented
intracelhlla_r IL-18 and cell supernatant IL-11’- reprcsentcd secreted IL-IB

_. TL-4 (30 ug/ml) down cegulate.d the expr )sion of cell associw IL-18 (which |

|  was possibly induced by mechanical or LPS stimulation) _-io an undetectable
* level compared to unstimulated cells after 24 hours (see figure 3.17a), IL-da
(10 ng/unl) and LPS (1 pg/ml) upiegcl_ated the express:uon of cell associated

IL-18, but the addition of IL-4 (30 ng/ml) inhibited this cmduccon. B

IL-4 (30 ng/ml) also -dcwcreQMawd the amount of IL-18 hiat was seerefed
compared' to unstiﬁlulated cells after 24 ﬁourc (ﬁgu.i'e 3. '17 b e As was the case E
with cell associated IL-18, LPS (1 I-&E/ nuil) upregulated the amount of secreted
IL-18, Whﬂe IL~4 (30 ng/ml) inhibited this upregulatlon. IL~1a increarod the
amount of secreted IL-lB compared to cell assoclated IL-lB. IL-4 inhibited the
shght increase in IL-1!3 secreted due to IL-lc. LPS stimulated secreted T-18
(lane D in figure 3.17.b) fo a greater extent then cell associated TL-18 (tane

'.DmﬁgureSJ"’ ..) 'I'hus,LPSisemmentatmdumngthesynihesmandrcleasc-' -

of IL-18.
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Figurs 3.17. RIA analysis of cell associated and secreted IL-1B protein in PBMNCs. -
a. Detection of IL-18 in cell Iysates of PBMNCs stimulated for 24 howrs (n=3),
b, Detection of IL-1B in cell supematants of PBMINCs stimulased for 24 hours (nna)
A; control (unstimulated cells); B: IL-4 (30 ug/m); C: IL-1w (0 ng/ml), b LPS (1 pgjml),
E.H«luandMF'l.PSandM(meanﬂ:SEM) : '
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313, ANAI___,Ysis- OF mn&: PROTEIN BY WESTERN BLOTTING AND |
~ IMMUNODETECTION | | | __

It was difficult to detect differences in IR mRNA. levels by RT—PCR
possxbly because the stimmli used d1d not aﬁect the expresmon of IL-1RtI at
the IqRNA level_ IL1R{I protein expresmon was therefore analysed by _.

conventional Western blotting and immunodetectior.

Total"cel_lular protem was isolated from varions cells and quantified by the
Bradford reaction, Protein (75 ) was run on a 10 % SDS PAGE gel and
WeStem blotted. IL-1Ril protein was detected by a speciﬁc' IL-1Rf polyclonal

antlbody and the shentawdm - pemxxdase / 4 chloro—l—naphthol

1mmunodetect10n system (see 2 10.).

331 AR PRO’I‘EIN EXPRESSION IN PBMNCS |
PBMNCs were isolated from the blood of 3 healthy donors (see 2.1 2.) The
PBMNCs were stimulated with e1ther PMA (10 nM), IL4 (10 ng/ml),
dexamethasone (100 M), or IL-15 (160 ng /ml) for 24 hm at 37°C, IL-1RtI
protein was detected in unstimulated PBMNC, and PBMNCs stimulated with
 either PMA, IL-4, dexamethasons, or IL-1B (data not shown).

3132, IL-R{l PROTEIN BXPRESSION IN THE NONADHERENT
LYMPHOCYTE FRACTION | |

The effect of PMA, L4, dexamethasone, and IL-18 on the expression of IL-
1RtI protein was analysed in nonadherenf. lymphocytes,

o



PBMNCs were therefore adheted to plastié petri dishes, and the nonadherenf
 fraction of coll (mainly lymphocytes) were isolated (see 3.11). The
nonadhereﬁt' cells were stimulated with either PMA (10 nM); L4 ( 10 ng/ml),-.
dexamethasone (100 nM), or IL-18 (100 ng/ml) for 24 hours at 37°C. Figure
318 ;:iésents tﬁe results of the Weste_tﬁ blot and immunodetection of IblRtI
. .prutein .in the#e' delIs. IL-IRt] .was | detecfed m t_:he lyﬂm'hoéytes as .
.appraﬁmately a. 80 - 88 kDa protein, as determined usmg the relative -
mobﬂiﬁés_ of . the marker proteins on the blot. The baékground was dark 6a-
this particular blot which made it difficult to use densitometric scanning of the
bands to determine their relative intensities. Based on & visual assessment of
the bands in figore 3.18. dexamethasone (lane 2 and 12) appeared to
“upregulate the dpremion of I_L'-.lRtI prdtein compﬁred to the expression in’
unstirmulated cells (lane 5 and 15). This wpregulation of LRI by

dexamethasone occurr_ed in two of three donors.

The IL-1RtI antibody was a polyclonal antibody raised in rabbit. This antibody
routinely bound to more than one proiein band on the blot in all the IL-1RtI
Western blots tested, Only one of the bands detected represented a protein
of approximately the correct size, The é.n‘tibody did detect proteins of other
nolecular ﬁlasse's- (see figure 3.18), eg. a smaller protein (< 66 kDa) and a
relatively large protein (< 220 k‘Da). I cannot say whether these extra bands
are specific (ie. the antibody has detected IL-IRl protein which has been
digested or formed dimers) or nonspecific (the antibody has bound to proteins |

other than IL-1RtI). In an effort to clarify the situation, the blots were probed
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with non-immune rabbit serum., None of the major bands. appearing on the
blots probed with the m:nmune rabbit serm_:i (containing anti-IL-1R{) were

detected using the non-immune serum, This suggested that the extra bands

B appearmg on the blot in ﬁgu:e 3. 18, were spec:ﬁc. The addltmnal bands may
| be due to different degrees of glycosylatwn ot‘ the ]L-lRtI, the fortnatmn of -

raceptor dzmers, or partial degradanon of the protem.
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‘Figure 3.18. Western blotﬁng and lmmunodetectlon of lL-IRtI protaeln ln nnnadhereut -
Iymphocytes, :
. Proteins (75 ug) were separated by denaturing (SDS) PAGE (4% stacking gel and a 10 %
resolving gel), Western blotted, and XL-1Rtl protein levels analysed {see 3.11). Stimuli (24
hours): Tangs 5, 10, 15 unstimulated; lanes 4, 9, 34 PMA (10 oM); lanes 3, 8§, 13: IL4 (10 -
ng/ml); lanes 2, 7, 12: dexamethasone (100 nM),andIanesl 6, 11: IL-J.B (‘.I.OOngIml) Lane -
‘M rambow molecular masg marker, _ .

3.133. ILIRt PROTEIN EXPRESSION IN HL-60 CELLS

It was not certain at what ti.ma'point changes in fL~1Rtl pr’u‘tein expression

would be detected in HL~60 cells, IL-1Rt protem was probed for after4 and

24 hours exposurc to dexamethasone (see ﬁgm-e 3, 19.). Dexamethasone was
chosen as the stimulus at it appeared to be the sumulus that upregtﬂated the

expressmn of IL-1RtI in lymphocytes (ﬁgure 3.18. )

Unstimulated cells (control at 0 hoﬁrs): showed the highest éxpression of | P
R fprotein, while uﬁstimulated cells iﬁcubated-for 4 hours .and for 24 hours
“both showed  a docreass in the Lird protein, Dexamethasone
‘downregulated the IL-1RtI protem expression at 4 hours (53 8 % of control .
at4 huurs) and at 24 hours (55,2 % of control at 24 hours)
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It is. mterestmg to note the decreasmg amounts of ]L-lRtI protem in |
unstimulated from the O hour tlme pomt to the 24 htmr time pomt A pnsmble G
explanahon could be that there were toa many cells in the petn dxsh (3 X 106_
cells/ml), and that the cells began to die. This seems unllkely as the colls

appea:ced healthy on moxphologwal exammauon after the 24 hour incubation,_

| although a trypan blue cell wabﬂ:.ty smdy should have been performed to I-

'conﬁrm thxs

Ithas ‘beéﬂ_ shown byReetal (1294)- that deﬁamé_fhasoﬁe upregulates IL-1Rt
in neutrophils, 'a'nd'the' data in fignre 3. 18, indicatcs that dexamethasone aiso
= upregulates IL—lRtI in a mixed popﬂatmn of lymphocytes Dexamethasone

doumregulated IL-1RtI in I—]L-ﬁo cells, Thus, dexamethasone appears to a.ct S
'm a d]fferent manner in HL-60 cells compared to lymphocytes It moust be

- taken into account that thas is a smgle result. ’_I‘herc is the possibility that

 dexamethasone (100 M) was cytotoxic to the HL-60 cells, although 100 oM

of dexamsthasone had 110 reported adverse effects on the neutrophils (Re ef

al. 1994). 'There is the possibility that dexamethasone truly down regulated

t]_ie expression of IL-IR1T in HL-60 cells. See section 3,12.3. for discussion

*of the multiple bands appearing on the blot in figure 3.19.
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Figure 3.19. The effect of dexamethasone on the expression of YL-1RtX protein in HE~60 cells.
a, Western blot and immunodetection of IL-1RH protein. Protein (100 ng) from HIL-60 cells
were separated by denaturing (SDS) PAGE (4 % stacking gel and a 10 % resolving gel), and
Western blotted (see 3,11), Stimuli; lane 5: unstimulated {0 houss); Iane 4: unstimulated (4
hours); lane 3: dexamethasone (100 nM, 4 hours); lane 2: unstimulated (24 hours); lane 1:
dexamethasone (100 nM, 24 hours), Rainbow molecular mass marker not shown.

b, Densitometric scanning of the blot in a. The refative absorbanee of each band was converted
into an area (in arbitrary umts)
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'HL-60 cells exposed to PMA (10 nM) Yor 24 hours du:i show sbﬁig' degree of

- adherence to the plastic petri dishes. This adherence véas greatly inci'eased if

the cells were exposed to PMA for 4 hours, maicaung a d:fferenﬁauonf

: towards a more macrophage - like state.

 Figare 3204 shows that PMA, (10 M) ﬁprgmied the expression of IL-IRH
'proiein. a&ef'- 24 hours (ian_es 4, 9, and 14) compared to uﬁsﬁmﬁiated_ cells

~ incubated for 24 Iiours withoﬁf PMA. (lanes 5, | 10, and 15)' T.lie' other stlmuh, |

. namely, -4 (10 ng/ml), dexamethasone (100 nM) and Ib-lﬁ (100 ngfml) dld

. not aﬁfect the e.xpressmn of IL-1R.

The 'r.esults ré;ﬁ;es.eli;ted in ffgure 3.20b and 3.20.c. confirm the rc.mﬂts_ o
obtained inﬁguré 3.20.5. PMA (10 nM) upreglﬂated'ihe'expreséioﬁ of IL-lRtI .
protein in HL-60 cells (lane 8). Co-stimulation with PMA and 114 (10 ng/ml)
did not markedly alter the level of IL-IRM protein expressed (ane 7)
compared to cells Sfimul_ated'witﬁ PMA alone (lane 8). In ﬁg‘ure_ 3.20.0‘.
- stimulation “dth'lPMA for 24 ho_izrs increased IL-1R{l e‘xﬁression (lané 7.
PMA stimulation for 48 hours did .no't. markedly -change the expression of L
1Rt compared to 24 hom's, and neither did costimulation with PMA and a a
combmatmn of IL-la, IL-18, or IL-4. o |

Thus, PMA (10 nM, 24 hours) clearly upregalates the expression of IL-IRtl
(n'=5)' comi)ai'ed to unstimulated cells, In-tl.l_ese' experiments, IL-IRtl isnot
detectable in unstimulated cells, unlike in figure 3.19. This is possibly because
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100 g of total cellular pr‘ozéin (fmm 3% 106 céﬂs/ml) was loaded on to the
gelin ﬁgure 3.19, thle 5 L of total cellular protem (from 2 X 106 cells/ml) |
 was used for these three expenments PMA seemed to have httle effect on the
adherence of the HL-60 cel]s but PMA had a marked e&‘ect on the e:q;resszon -
of IL—lRtI pmtem Thus an increase in dsﬁ'erenﬂatmn towards macrophages _

 (but not complete dlfferent;tatlon) results in an increase in IL-1R{T expresmn -

in I-IL-60 cens It is possible hat the dlfferentlatlon of HL-60 cells by PMA,' :

' 'and the mcrease in IL~1PtI expression due to PMA are separate events.
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Figure 3.20. The effect of PMA on the expression of IL-1RtI protein in BYL-60 cells.

Western blot auid immunodetection of IL~1RtI protein after 24 hours stimulations. Proteins (75

. pg) were separated by denaturing (SDS) PAGE (4 % stacking gel and a 10 % resolving gel).
Lane M: molecnlar mass marker,

a. Lanes 5, 10, 15: unstimulated; lanes 4, 9, 14: PMA (10 nM); lanes 3, 8, 13: IL-4 (10 ng/ml);

lanes 2, 7, 12: dexamethasone (160 nM); lanes 1, 6, 11: IL-1B (100 ng/ml) (n=3).

b. Stimuli: lane 11; unstimulated {0 hours time); iane 10: unstimulated (24 hours); lane 9: IL-4

(10 ng/ml}; lane 8: PMA. (10 aM); lane 7: PMA + IL~4; lane 6: IL-1« {10 ng/ml); lane 5: IL-1z

+ IL-4; lane 4 TL-18 (10 ng/mi); lane 3: IL-18 + lL»4; lang 2: dexamethasone (100 nM); lane

* 1t dexamethasone + IL-4, _

¢, Stimuli: lanes 10, 9: unstimulated (0 and 24 hours respectively); lane 8: 114 (10 ng/mi, 24

hours); lane 7: PMA (10 aM, 24 hours), Lanes 6-1 were exposed to PMA for 48 howss. After

24 hours ofexpmmtoPMAtheceﬂshadthefoﬂmngshmuhnddedtothem. lane 6: L4

lane 5; PMA; lane 4: TL-1o {10 ng/ml); lane 3: IL-1ex + TL-4; lane 2: TL-18 (10 ng/mi); lane

1L X184+ T4, _ o
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3134, IL-IR¢ PROTEIN EXPRESSION IV THP-1 CELLS |
IL-1R{I pfotein waé expressed in unstm:rulatef ! 'i"HP—l oells (n=1) which were
 incubated for 24 hours at 37°C (data not -siib‘}vn) Pigure 321, shows that
| unsumulated cells at the 0 hour time point d1d not express detectable amounts
. of II.-1RtI protun (lane 7), but at 24 hours (mthout an additmna& stxmuh) | |
._ they appear to express h1gher levels of IL-1R# (lane 6,\ L4 (10 ng/ml)'
- appeared to upregulate the éxpresﬁion. ofIL-lRtI protein after 24 hours (iane

 5) compared to unstimulated cel].é (lane 7). A 'statamenf on this result cannot

be made with certainty, because the protein loading appears unequal,

Figure 3.21. The expresslon of IL-LRtI protein in THP-1 eells

Western blot and immunodetection of IL-1Rd protein afier 24 hour sttmdaﬁons (n=1)
Proteins (75 pg) were separated by denaturing (SDS) PAGE (4 % stacking gel and a 10 %
resolving gel), Stimulis fanes 7, 6: unstimulated {0 and 24 hours respectively); lane 5: 1L-4 (10
ng/mi); lane 4; IL~-1a (10 ng/ml), lane 3: TL-10¢ + IL-4; lane 2 IL-18 (100 ng/ml), lave 1 IL-lB :
+lL-4.LanaM rmnbowm‘ﬁcularwelghtmarkcr .
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314, iMMUNOPRECIPI_TATION OF IL-1RI AND IL-1RMII PROTEIN
Total cellular protein was isolated from adhered rmonocytes and HL-60 cells
and quanti_ﬁed' (see 2.9.). Either HrlRtI_Or lI was detected by specific pnma:y
antibodies. IL'-IRtI or I was then -preéipiiafed out .__of solution with a |
secondary antibody linked to protein G .(seé 2.11.). After the removal of
- protein G the p‘r'e;-,ipitated. 'prbtéin (c_ithef.lL;lRt_I or.H)' was separated by
denam_g (SDS) PAGE and either stained with éoomasie_blue or a silver

| stmn, or Western blotted and immunodetected as in 2.10.

3141 IMMUNOPRECIPITATION OF IL-iRfl PROTEIN FROM_ |
- ADHERED MONQCY’IES | |

Ty was proposed that protein bands of gfeater 'int'ensity' would result if the IL-
IRt p_rot.e.,in was | immunoprecipitated. Ii.ulRtI protein  was
imrn  recipitated (see 3.11,1.) fmm_'total cellular protein (50 ug) isolated |
frdm adhered mbnoéytes. ’fhe adhered monocytes had beexi p:_!_'evious‘_ﬂ},.r ..
stimnlated with 10 ng/ml IL-4 from 3 donors and the protein run on a
denaturing (SC™ PAGE gel (10 %), The immunoprecipitated protein was
__ Western blotted and immunodetected by a specific LL-1RtI ailtibody (see
2.10.). | | -

Figure 3.22. shows that in 2 of the 3 donors (donors 2 and 3), IL-4 (10 ng/ml)
upregulated the exp:essioﬁ of TL-1RtI protein (80 - 88 kDa protein in lanes
4 and 2), while IL-4 downregulated the expre'ssioﬁ in donbr 1 (lane_ 6)
compared to unstimulated cells (lanes 7, 5, and 3).
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CItis int&iesﬁng to ﬁote that the large protéin (< 220 kI)a); which 'appeaied' .
: on the convenuonal Westem blots, stlll appears here after the
: Jmmunoprecxpﬂat:on and Westem blotfzng Itis possible that the anu-Il'.flRtI
__rgcognme_s lan epitope in this unre_iated protein, or this large prote;n xfepresents_
o a complex' either of fwn- IL-1RtT molecules or ofher co-regulatory niolécules |
_ It §: 2§ unhkely that complexes wo:ﬂd form under these strongly denamnng
oondmons The heavy and hght chains of the pnmary antibody can be seenon.
| -the gel _(mdlcated by the arrows). |
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Figure 322, The lmmunopreeipitaﬁon and Immunodetecﬁon of IL-1R¢X protein in adhered
monocytes,

a, Westemn blot of mmunopremp:tated IL-IRII protein after 24 hour stimulations (see 3,12.1.).
Lanea 7-6: donor 1; lanes 5-4: donor 2; Janes 3-2; donor 3, Stimuli; lane 1: dexamethasone (100
nM) (nonadherent lymphocytes); lanes 9, 5,3: unstimulated; lanes 6, 4, 2: IL-4 (10 ng/ml), Lans
M: rainhow malecular niass marker. 'The arrows (¢ 4) indicate the heavy and light chains,
respectively, of the pr:mary antibody.

b, Densitometric scanning of the bands in a. The relatwc nbsnrbanee of each band was
converfed into an area (in arbitrary units),
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| 3142, IMMUNOPRECIPITATION OF IL-RMI PROTEIN FROM

 ADHERED MONOCYTES AND HL-60 CELLS

| ~ The primary annbody d:rected against the IL-IRAE protem was not smted o
N Westem blottmg, and uufortunately 1t was the only one commermaﬂy
available. 'Ihe IL-1RtII Westem blots showed 1w specl.ic bands (data not
C shown). 'Ihus the antx—IL— IRtH was used mstead o Immun()prec:pxtate the I~

| 1RtIIprotem -

' 'I)urmg the procedure of Jmnmnopreczpltanon (see 2.11 J it was 1mpnrtant to

_mcuhate the molated protem mth the protein G secondary antxbody enmplex o

.. before prooeedmg with the pnmary antibody step. It is nnportant to perform L

this pre.munary step to remove non-spemﬁc prote.ms, and therefore unprove

-the results obtamed

* Figure 3.23. represents a SDS PAGE gel stained with Coomasie blue, Lanes

2 and 3 show the mulﬁple'b'ands'due to the nbiispedﬁc binding of the protein o

G- secondaxy antibody complex to other protems in the sample Lanes 4 and

1 show the posmons of the pnmary and secondary annbody on the PAGE gel. N
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' Figm 3.23. The effect of nonspae!fic hinding of prntelns by the prateln G secondary antlhody :
complex on the lmnunoprecipitation of IL-1RtH protein.
- Immunoprecipitated proteir. separated by dena.tunng (SDS) PAGE (4 % stacking gel and 10
% resalving gel). The gel w 1s stained with Coomasie blue in order to visualise the bands, Lane
2 and 3 represent immunoprecipitated protein from adhered monocytes. Lane 1 represents
. mndmy a)ntibudy G pe {#) and !aaz 4 represen!s primaty antxbody (t pg) (C](lhcavy and

Total celtular protein was isolated from adhered monacytes and HL-60 cells,
IL-1R{II protein was immunoprecipitated from the protein isolate and run. on

' a denaturing (SDS) PAGE gel (10 %).

Figure 3.24.A. shows the Coomasie biue";v;taiﬁed gel, and ﬁgure 324.B shows
: the same gel restaiﬁed with é. sﬁver stain (see 2.'11 3). In both figures 1gG
antl‘body bands (applammately 55 kDDa) were seen (open and sohd arrows) |
In the silver stained gel (ﬁgure 3 24.B.) addmonal bands could be wsualised :

1



 with the more sensitive stain (thin arrow). One of these bands (+ 63 kDa)
" which appears just below the baﬁd indicated by the thin arrow was possibly
the IL~1RtI protem, as the reported size of the type Il reoeptor is 60 - 68 kDa

_ (Benjamm and Dower et al, 1990)

Dupiicate PAGE geis of thé gels in ﬁg_ur_e 324.A. and B. ﬁ_reré run in order |
" that the gels could be Western blotted and thie immunoprecipitated IL-IRe
protein could be immunbdetectei As the II)—IRtII_ | primary antibody was not
suited to immunoblotting, oo specific IL-IRY band could be detected on the
. .Wés‘te_m.blot_ -(ﬁg11r¢-$.24;c.)i As. 2 résﬁlt it could not be confirmed that the
'_ t 63 kDa'vand detected on t'hc.silve_r stained gel was IL-IR{I prOté_;n. o

) v .
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Figure 3.24. The immuncprecipitation and immuncblotting of IL-1R{I protein in adhered
monocytes and HI~60 celis.

Denaturmg {SDS) PAGE gels (4 % stacking and 10 % resolving) of xmmuoprwpltnted IL-
iR protein from adhered monocytes (b, lanes 1-15) and HL-60 cells (a, lanes 1-6). The pels
were stained with Coomasie blue (A.) and then with a silver stain (B.), [ indicates the heavy
chain of the secondary antibody, while § indicates the position of the light chain. A + 63 kDA
band was dstected (just below the—) affer silver staining, The rainbow molecular mass marker
appears in lane M. A duplicate gol bf the gel in A, and B, was Western blotted and an aftompt
was made to immunodetect the IL-IRtI protein (C.). Again the secondavy antibody was
detected due to nonspecific binding of the secondary antibody during immunodetection, '
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ISCUSSION

This report discﬁsses t}ie'effccts.of PMA, IL-#, déxaﬁaethaSQne, and IL-'iB'on.
the expression of IL-18, IL-IR(], and IL-IR¢Il in peripheral blood monocytes
and the leukaemic cell lines, FI-60 and THP-1, IL-IR is the functional,
sig_nalli’iig I_L-lli, Qhereas H_~1RHII is reported to be a nonsigualljng “decoy”
~ IL-1IR which asa molecﬁlar trap for IL-1B, henée- inhibiting its action on.a cell
(Sims ef al. 1994). | |

The main _ob,[ecfivé of this project was té confirm ﬁndihgé in the literature
B (Cblot;a et al 1993a)' about the antiinflamatory _éffécts of IL4 and
deué&ﬁzethasoﬁe on monoéyﬁc cells with respect to IL-18, IL-1RH and [L-{RI
. expression..: The effects of these agents have been studi@d in ﬁeutrophﬂs .
(Golotté. et al, 1993a and Re et al. 1994). If it is found fh'at IL-R{ and 1T are
regulated by IL-4 and dexamethasone in a similar matiner in EL-60 and THP- -
1 cells compared to normal monocytes, then these two cell lines could be used
in future as a ﬁlode_l for studying anti-inflammatory agents 0ﬁ moimﬁcy_tes'. On
the other hand, ifa difference is found in the regnlation of IL_-lRti and O in
the I-IL-GO and THP-1 cells, then these .diﬁ'erences could be invéstigafed-.
further, An altered feg‘ulatio_n of expresSioﬁ_ of TL-1Rs in leukaemic cells |
indicﬁtes the pOSsible*altered regulatibn of the action of IL-1 on these cells,
éince IL-1R{I acts as an inhibitor of IL-1 action, _If has been shown that IL-1



is .constitutivély i:roduced by mapy monocjtic ieukaémias and that IL-1 may
: act in an autocrme, paracnne, and endocnne manner to induce prohferat:on .
in the.se ce]ls (Dmareﬂo and Wolff 1993). An alteratmn in the regulanon of
IL~1’s action on leukaemic cells (posmbly caused by an altered IL-IRtI and 1T | _
expresmon) would affect the prohferauve actmty of the oe]]s The degree of .

proliferation correlates w:th the clinical cqurs;e of the disease (Sullivan 1993).

‘The effects of differentiation on the exp:eséion of the TL-IRs was also
analysed, ie. is tlie_ expression of IL-1Rs affected by _diffcrentiation?

4,1 LYMPHOCYTE ACI‘IVATING FACTOR ASSAY

Before begmmng with experiments, the bmlogical actiwﬁr af the IL-IB to be |
: used w_as determined using the lymphocyte acuvaung factor (LAF) assay_((}ery '
et al 1972). Prolifera_tion_due to mm (0,156 - 10 ng'/m1)'stiniu1aﬁon was
measured by Ffl]thymdme uptake into the thymocyte DNA. IL-18 caused - |
thymocyté proliferation in a dose .de.pe'ndent manner, the higher the IL-18
concentration, the more the proﬁfér’ation (see figure 3.1.). These results

showed that.the II.-18 was biologicaily active.

42, CD14 AND CD11h SURFACE ANTIGEN EXPRESSION
 The cells chosen for this were ce]]s of the myelocytlc cell hneage Normal |
_penpheral blood munocytes were qmdled as we]l as the promyelomomcyuc-
cell line HL~60 and the acute monocy_nc cell line THP-1. HL~60 (Collm_s 1987)
“and THP-1 (Tsuchiya ef al. 1980) cells have been used as models for studying
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. monocync ce]]s under condmons of differenuauon. The cell lines were used_

in this pro3ect to smdy the antiinflammatory effects of IL-4 and
dmmethasoneandto determmelftheleukaenncceﬂsdszeredmanywayto.
. normal monoqrtes wlnch mlghf help to explam their Ieukaemw state,

k "Iﬁe purpose ofdeterminiﬁg the. CDi4 surface éutigen e.xpressmn in the cells

was twafold Firstly, to determine the degtee of punty of monocyte annched'.
' fracuons of ceIJs and secondly, to charactense the cells in the case of the I-]L- :
| 60 and THP-i cell hnes, as CD14 is a monocync cell marker (I-Iorejsn 1991)

Of i:lie tﬁo methods used to' prqdude a monocyte .rich fracuon of cells, the |
- Ficoll - Pérco]l_ density gradieﬁt éenirifqgaﬁon method (see 2.14) 'produce_d
the highest purity of CD14 positive (monocytic) cells (75,5 %, n=1), but the
number of cells recovered was too low to uuhse for expenments An enriched
monocyte fraction conmsﬁng of adherent cells (see 2.1 3. ) was made by
adhering the monocy_tes to plastic. Unfortunateiy this fra_ctlon was
contaminated with a CD14 negative group of cells whlch were po#sibly B-cells.
'I'hus tﬁe adherent fractinﬁ could only e considered as a'ﬁlonocﬁe _enriched

f_raction.

Ag it was difficult to obtain a relatively pure fracuon of monocytes from |
blood, the monocytic cell lines, FIL-60 and THP-1 were used to study the |
* effocts of PMA, IL4, dexamethasone, and IL-18 on he expression of IL-18,
IL-1R4, and IL-1RAL The CD14 and CD11b surtace antigen expression wes
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determined in these ceﬁs, in order to characterise the cells, It was found that
“the THP-1 cells cultured here expressed low CD14 levels, thetefore. the
| CDllb_ sﬁrface antigen expression was analysed. The original THP-1 cell hne
" expressed CD11b (C3b receptor) ('I‘siidhiya et al. 1980). The THP-1 cell line
we used expressed very low CD11b antigen leve].é. (88-116 %) as.detérmined_ |
by ﬂdw cyfometry. Difféféntiaﬁon (as'indicaféd by an increase in adherence
of the cells) w1th PMA onIy slightly mcreased this expression, mdlcatmg that
- the THP-1 ce.lls had possibly altered the1r charactensncs to a certain extent
while in culture, It was possible that the PMA was not functional, although
this seems unhkely as PMA did induce adherence in THP-1 ce]ls after 24

hours

'I‘I_le; HI._,-GO'_ceIl line too showed very low CD11b expreSSidn. Differentiation
of HL-60 c.:ll# to more mature monocytic cells lead.s' to an jncrease in CD11b
s_ﬁrfase antigén expression (Collins 1987). Again PMA did.not upregulate the
CD11b expression in these cells after 24 houss. Eithe_r the 24 hours exposure
to PMA was not long enough to induce differentiation in these cells (oniy a
small number of the HL-60 cells became adherent afté.'r 24 hours, while the
cells were almost completely adherent after 48 hours), or the HI~60 cells had
also poss_ibly altered their characteristics, Despite this, the THP-1 and HL-ISO
cells were used to study the expression of IL-1R types in .moncc_ytic cells.
'Possibly an glternative diﬁei-ent_iating ageﬁt for HI-60 cells should have been
‘used, which would have induced #dhercnce and therefore an increase in the

monacytic marker CD11b after 24 hours, TPA was used originally by Collins
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(1987) to differentiate HI-60 cells.

4-3. NORTHERN BLOT ANALYSIS OF IL—-]B mRNA EXPRESSION
I[.-IB mRNA levels were first analysed in monocytlc cells in thls pTOJect to
eonﬁrm findmgs in the hteramrc, namely that IL-4 (Donneﬂy et a!. 1991) o -

- dexamethasone (Lee et al. 1988) both act ‘as antimﬂammatory agents bar_

decreasmg the expressmn of ]L-lB mRNA.
'I'he 1n1tlal alm here was 10 detemunc if 11.-10: or IL-18 was a more eﬁment |

mducer of IL-18 expressmn Th1s result WOuld then determfxle Whlch of these
| | two cytolunes would be used in fature expenments The lL-lRtH is a
'n0n51gnallmg '”\_._lecoy" receptor which has a hxghe_r affimty for IL-_IB than IL-I_a
(Siins et al. 1994). Thus it 'would be exp.éctéd that 'I'L-la would be é.' more
'potent inducer of JL-16 mRNA expressxon than IL-lB smce the mgnalhng._
 receptor has a higher afﬁmty for IL-1a, At 3 different time points (1 hour 15

minutes, 2 hours and 5 hours 30 :mi_nutes), _IL-IB appeared to mduce -1 |

| mRNA expression to a greater extent than IL-1a (see figure 3.3.).Itis difficult .

to interpret this resizlt, as the cxperimeht was only doﬁe' once, and the large

dﬁﬁlse bands on the autoradmgraph made the densitometric scanmng d1fﬁcult. o

. DeSpltc these drawbacks a clear trend can be seen. -

IL4 (Donnelly ef al. 1991) and dexamethasone (Lee ef al 1988) act as anti-.
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mﬂammatory agents by mhibmng the expresmon of pmmﬂammatnry Ii-1B in
monocytic cells. To conﬁrm thm data, adhered monoqvtes were treated wﬁh |
IL-4 or dezamethasone for 4 hours, A trend could be seen where 4 and

déxameihasoné inhibited the production of IL-18 mRNA compared o
. umstimulated cells (figure 3.5.), which expressed IL-18 mRNA. The highlevel
- of IL-1# @RNA in unstimalated cells indi&tted that the cells had been éithe_r
zﬁeéhanicéuy stimulated during the isolation prccedﬁre, or.that they had Béen: .

- stlmulated due to conta.mmatton with LPS of the anilcoagﬂlant, heparin. ’I'he.

GAP-DH banﬂs on the autoradlograph were dlﬁlcult to scan, possibly because
the GAP—DH express:.on in the cells was low, or because the GAP—DI-I probe- )
' did not hybndlse efficiently durmg Northern blottmg There was also a large'. .

' degree of vamtton between donors with respect to <IAP-DH levels. The
above resnlis confirm the findings in ;he hterature that -4 and
dexan'wtiusone act as aatunﬂammato:y agents by decreasmg the expresﬂon
of I8 mRNA. lL_-lB has many proinflammatory prolmrnes (Dinarello 1994),
thus & decrease in IL-15 production would help to inhibit the inflammatory B

Pprocess.

LPS stimmulated the production of IL-18 compared to instinlated cells (figure
3.6.), and this increase in I]',.«-lﬂ mRNA e;&iiression was iﬁhibited by T4, TL4 -
also mhiblted the increased expression of IL-lB mRNA when the sﬁmulus was
I8, This confirms data __generatéd by Bstrov é_t al. (1993b) and Banchereau
et al, (1994). The anumﬂammatory _effécts of IL~4 can partly be explajnéd _by
its ability to dectease TL-18 mRNA levels. This data gives 1o md1cat10n
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whéther'this result is due'ta an decrease in IL-1B gene exprcssion'or if it is
due to a destabﬂ:smg effect on the IL-18 mRNA itself. Donnelly ef al. (1991)

have showm that L4 affects If.rn’. mRNA Ieve.ls at the transcnptional and

' posttranscnptlonal level (le. aft‘ecting lL-lB mRNA stabﬂxty) Although this '
result was cmly obtamed from two donors, the trend that JL-4 inhibits the i

expression of IL~18 is clear

EL4 and dexamethasone not oaly act by decreasing IL-18 mRNA levels, but
280 by upregulating the expression of the IL-IRML, Tt has mow been

' established (nsing anﬁbo.di.es dxrectad against TL-IRtT and II) that IL-IRtII __
acts 5 a decoy target for IblB andisa nuhfunétional -1 receptoi'. Thus the

upregulanou of the IL-IRAI jnhibits the action of Ti-l. This has been o

extensively studied in neutrophils (Calotta et al. 1993), but not to any grea.t -

" extent in monocytic cells. Unfortunately, attempts o detect IL-1RH and II by

| _Northem blotting were unsuccessful. The Northern biot radiolabelled probe
for IL-RA appeared to be unsuitable for hybridisation, as a high degree of
nonspeciﬁc. binding occurre_d (see 3.7.). Thus i order to study the a:q:ression
and regulation of ILrlRtI and I mRNA levels, the method of RT-PCR was
: employed. Although R’I‘-PCR is a sensitive method for the detection of'
specific mRNA, species, it was difficult to quantitate the resu_lts using this
techni_que. _ o _ - :

4.4, OPTIMISING CONDITIONS FOR RT-PCR



Many variables exist in @ PCR reaction mixture. These include the_MgC]z,
primer, and dNTP concentrations, as well as the relaﬁve abﬁﬁdanée of the
target sequences being amplified. Since a PCR results in the ex?dnenﬁai
amplification of a target cDNA sequence, changin'g"tﬁé PCR conditions even
slightly can.-gre.aﬂ}.r alter the end result, |

‘The PCR conditions for each set of primers has to be optimised in order to
preirent the occurrence of false negativé resuits, ie. where the mRNA species
* exists in the cell but the PCR conditions are such that this message is not

* converted to ¢DNA or is hot aroplified suffiéiently to be detected,

The MgCl, in the PCR xﬁixfﬁre is required for the fuﬁcﬁdning of the DNA '
polymerése. It was found, in fnis Stu.dy, that MpCl, concentfaﬁons of 3,5 mM- '.

in the PCR miiture inhiBited tﬁe aﬁlpliﬂcation of the ﬁrgci cDNA sequence,
cdmpaﬁ'éd to the lower_concentraﬁon of 2,0 mM (see figure 3.8.). Tﬁis latter

MgCl, concentration was found to suit all of the primer sets.

An internal standard (the ubiquitous house-keeping gene, GAP-DH) was used
iu the PCR to ensure that equal RNA. was added to the RT reaction, and to
monitor the first-strand synthesis and ampliﬁcaﬁon of the sequences during :
- RT-PCR. GAP-DH and, for example, IL-IRtII primers were used to co-
_ amphfy sequences in the same reaction tube so as to remove the effect of tube

10 tube variations (Dukas et al. 1993 and Larrick ef al 1988). This method is



the PCR m:xture Here a similar rate of amplification of the ADNA sequences
will be achieved. Unfortunately in HL-60 and THP-1 cells the GAP-DH
mRNA levels appeared to be relatively more numerous compared to IL-lRtI
and IT mRNA levels. Thus the CLAP-DH primer levels had to be roduced in.
-order to co-amplify both target sequence and internal standard, The GAP-DH_ '
primer concenti‘ation was lowered to 0,01 uM, while the target sequence (eg.
IL-IRH) primer concentration was maintained at 625 wM. Under these
conditions the rate of amplification of GAI_’-DI-I PCR product was decreased
due to a low primer mncenﬁaﬁon, and both PCR products could be visualised |
on the agarose gel. If the GAP-DH primer concentration was increased to 0,1
M, the GAP-DH PCR product accumulated rapidly, and possibly this high
concentration of PCR product inhibited the amplification of the target'
sequence, as only 2 GAP-DH PCR. product band could be detected on the

agarose gel.

In addition, a high primer concentration resulted in the formation of primer
dimer. Here the primers bind to each other and are amplifed to form 4 small
PCR product. This ﬁrimar dimer PCR product can accumulate rapidly and
possibly inhibit the amplification of the target sequence (see figure 3.9.).
Lowering the pnmer mncenn'aﬁon decreases. the primer dimer _fbrmation-,' _
which in tura results in a higher yield of target PCR product, thus pri;nér
 dimer formation influences the quantification of RT-PCR. ”



~ specifically to their complementary -seﬁueuegs é.nd no other. The annea]mg :
te:ﬁpetature for the primers was taken as 8 - 10"C below the a';zerage of the
melung points of the two primers, If the annealing temperature was nearer the
average meiting points then the primers were more likely to bind
nonspeciﬁéa]ij to other areas in the cDNA sequenm. Muitiple PCR product
bands resnited after the IL~-1R primer annealing temperature was set a2t °C
below the average melting point of thé primers. When the annealing '.
temperature was lowered by a further 7°C one .speciﬁc PCR product of the
corfect size was amplified. | | |

| As menﬁonéd above GAP-DH was used as an internal control for the eqﬁai o
loading of RNA to Northern biots and as an internal standard or reporter
gene in RT-PCR, The Jmportant charactetistic of a.reporter gehe, is that its
expression temains at & constant level under conditions where the exi:ression | |
of other genes change. Dukas ef el (1993) stated that GAP-I_)H expressioﬁ did
not vary to a great extent during cell gmwth, and it was b_ased on this that
 GAP-DH was chosen as the internal standard for RT-PCR. I has been noted
that the GAP-DH gene expression i .oontrdllcd by the cell cycle. GAP-DH
lewlé were shown to iﬁcfea’se up to 19 fold under condlitions inducing DNA :
synthesis, Thus Mansur e al. (1993) state that GAP-DH can be used as a -
reporter gene wheﬁ_ the "proliferative state" of the .cells is kept constant. Thus
GAP-DH must be used in diﬂerentia_tion_exp.eriments with cantion. Bhatia et - |

al. (1994) found that GAP-DH mRNA levels differed markedly in different



compare results between cell lines using GAP-DH. In this study GAP-DH -
levels were found to differ in the monocytes from different donors, makmg the |
qualiﬁmtiOn of results difficult, GAP-DH_levels do. not _always remain the
same in cells Endothelial cells exposed to hypoxia show elevated expression |
of GAP-DH (Graven et al. 1994), while the diﬁei'entiating_ Iag_ent TPA also
altered GA?—DH levels in the cell.(Spénakis 1993). Considering the above, an
| | 'alteifnaﬁvé' to GAP.DH as réporter gene should possibly have beeﬁ_used,'.for
example, the 28 rRNA .geue (Khan et ol 1992). |

45, RTPCR ANALYSIS OF IL-18 mRNA LEVELS

RT-PCR is & sensitive technique able to detect mRNA species occurring as
véry lo_w ccnoéﬁtrati_ons in the cell. Care must be taken, \}vhen- this techﬁiqué_
is used to detect an mRNA. produced in a-bunda_nbe, as anipliﬂc'ation of the
target seQuence. is exponentizl and therefore these PCR pro.dubm accumulate

rapidly, The intensity of a PCR product band as visualised on a agarose gel

should increase with an increase in the number of PCR cycles in a linear
fashion (Dukas et al. 1993). This linéar rela-’tionsilip is lost when high
concentrations of the PCR product inhibit the DNA polymerase, or when one
or more of the PCR mixture components (ég. the dNT?s or pﬁmears) is
exhausted, Thus the accumulation of PCR product reaches a plateau, ie. a8
the cycles proceed the band intensity no longer increases et the. same rat_e.'
Unfortunately this plateau effect can 'oocui in 'differeﬁt tubes at different

times, often obscuring the results,



'The results of the IL-18 Northern blot in figure 3.5. _aﬁd the RT-PCR _i1,~113 _-
- results in. figure 3,10. and 3.11, were c_ompared_.:"ﬂ_]e R_T-PCR data #howcd no
| differénce bétween stimmlated and unst'irﬁulatéd cells in the R‘I‘-PCR |
expemnents wh11e clear dlfferences were obtained usmg the Northern blot |
technique. The IL-‘lB PCR product n ﬁgure 3.10. and 3.11 was obtamed after
430 cycle PCR The l_mear relauonshp between the PCR product band
| iﬁtensity on an -aga;-rose fgel' énd the number of PCR cycles has most li'kely.
| ‘been lost. The rate of amplificatioﬁ bf samples wnh a hi_glie:_‘ IL-18 mRNA

'concentra'tion would begin to decrease or platean (due to prnduct inhibition

o or exhaustion of a component in the PCR meture) wlule the rate of

ampﬁﬁcatmn of samples with less numerous lL-lﬁ mRNA wmﬂd only platuan -
at & later stage. Thus the intensities of the PCR p_roduct bands would begin
| to épjﬁrdaéh each other as the number of PCR cycles increased. This could
explain why similar band intensities resulted. The other .e_xplaﬁation could be
that the IL-].B mRNA levels were similar in all the samples, but 111 light of the
Nnﬁhcm blot data in figure 3.5. this seems uﬁlikely. Decreasing_thé number
of PCR cycles and determining the li_neéu' range of cycles would poésibly‘
improve the data from this experiment (Dukas et ai 1993).

4.6 RT-PCR _ANALY.srs OF IL-IRt mRNA LEVELS |
IL-1Rt1 .is' the signalling, functional TL-1R (Comtta et al 1993a), IL-I. '
responsive cells express TL-1RtX on their cell surfaces. It has been sho\im by
Simon ef al. (1994), that TL-18 upregulateé the expression of ihe IL-IRtI.in -
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endometrial stromal cells. The aim here Was ig. determine if L4 and

dexamethasone modulate the expression of IL-1RtL

_ Since no N0rt11em blot data on the effects of IL—4 and dexamethasone t)n IL- o |

lRtI mRNA levels couid be generated IL- 1Rt mRNA levels were dstected

using R'I‘-PCR 1L-1RtI was detected in adhered monocytes, HL-60 cells, and

'I'HP-i celis Up to 40 cycles were needed to detect the [L-1RdI mRNA

sp_ecle_s in ’I‘HP-1 cells, mdwatmg a low expression. There was no difference

~ in the expression of IL-IR¢l mRNA after 4 hours of stimulation with PMA,

TL-4, dexamethasone; or: L-181in adhered m0n0cytes, HL~60, and THP-1 celis.
Does this result reﬂect the s;tuaaon wzthm the cell, ie, is there lL-lRtI mRNA

is unstimulated cells (as the data would _suggest), or is this result an arufact |

- of the RT-PCR technique used? The number of cycles used to detect the TL-
| 1Rt mRNA may be too high and that the ﬁﬁpliﬁcﬁtion of the band verses' the
'nmﬁber of PCR cycles is no longer linear. This vﬁould result in. PCR product

- bands of similar intensities on a agarose gel. This seems uniikely as in THP-1

cells, the bands are faint and up to 40 cycles were needed to detect IL-1RtI
mRNA. Thus it is probable that THP-1 cells express low levels of IL-1RtL
The data does snggest that IL-IRtI mRNA is canstitutively prodneed in all
three cell types as IL-1RtI mRNA was detected in upstimulated cells, The

eapression in adhered monocytes could have been due to mechamcal'

~ stimmlation or contamination of heparin (the anticoagulant used in the

isolation of ma:‘iocytes) with LPS, but this could not explain the expression in

HIL-60 and THP-1 cells.



_'4.7. RT-PCR ANALYSIS OF IL»IRtII mRNA LEVLLS - |
B Shieh et al (1993) demonstrated that 114 mcreased serum glucocommids,
| .and that the synthetlc glucocortmmd dexamethasone upregulated IL-IRtII_..'
protein (in neutmphlls) Colotta et al (1993a) showed that IL-4 increases the
| expr_ess:qn of IL-IR{II mRNA in neutrq_phﬂs. | B

- IL-IR¢ mRNA levels_ were detected usmg RT-PCR in adhered monocytes

and THP-1 cells. Unfortunately o data for HL-60 cells was obtained. The

h data appearing'_in.' figure 3.14. was obtained by RT-—PCR using ﬁdheré'd |
monocyte RNA. Clear differences can be seen in the J'L—lRtH PCR bandé
| __ (mdmatmg that the rate of amthicamn of the PCR prodtict had not yet )
' plateaued) The data from ﬁgure 3.14. shows that Il-4 and dexamethas«me
R increase the amount of IIr]RfH mRNA found in adhered monocytes after 4
hours of stimulation, The result is from 3 different donors, with each donors’ -
monocytes reacting in a similar fashio'n_. From these results it cannot be
determined 1ft1:us _incr?:ase: in IL-1R{IT du_e IL-4 or dex&mﬁt_hasoné was due
- to an increase in IL-1RI .gene transcription or dus to'a stabilisation of the
IL-IRtl mRNA. It '_has'beel_i shown that I1-4 (Dbnn_elly et al. .1991) and
dexamethasone (Lee of al. “1988)- both act at the transcripﬁpnal and posi:
ﬁanséﬁptidnél level to dgcrea_sé 7 -iB mRNA levels. It is posﬂfble that these
agents act in a similar manner _to increase the steady state ievels-'of IL-_lRtﬁ

mRNA.
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Figure 3.15. shows that TL-4 increases he expression of mmtn_mRNA in
THP-1 cell.s (n=1).Inthe above expefimeﬁts, an incréasg in JL~tR{IE mRNA '
is seen upon stimmlation with the antiinflammatory agents IL4 and
déx'amethasone. An increaée in the TJL-IRT "decoy” i'ecej:vt'or suggests an
- additional mechamsm for the anumﬁammatmy ?roperﬁes of 11.»4 and - | _.
dexamethasone. TL-18 preferentially binds to the IL-1RtIT "déuoy" , which acts - |
* as a molecular trap for IL-1B. With ar increase in the IL~-1R1, there will be
~ an inhibition of the effects of the prbinﬂammatory IL-18 on the ..ce]'l. The
| presencé of an mRNA species in a cell does not guarantee the translation of
that message: However, an increas_e m the production of IL-1R{T mRNA
might imply that IL-4 and dexamethasone will cause an inereass in the

amount of IL-1RiIl protein on the cell surface.

The IL-18 was shown not to affect the IL-1RtH mRNA levels in adhered
monocytes after 4 hours. Dubois ef al (1991) generated data using
haematopoietic bone marrow cells, It was suggested that IL-1 indirectly
increases JL-IRtII on these cells, possibly by inducing acoessory cells td

secrete growth factors such as GM-CSF, which Would in turn increase IL~1RII |
expression. Therefore .in a mixed population of cells, I{-18 may be unable to

 affect IL-IRtH expression, as accessory cells / factors are required, _ IL-U& |
possibly increases IL-IRtII expression as part of a negaﬁv'e feedback -
‘mechanism to regulate the action of HL~18,




4 8. RIA ANALYSIS OF IL-18 PROTEIN |
The antiainﬂammatory effects of TL-4 were demonstrated at the mRNA Ievel

- | ie. it was shown that IL-4 decreased the. IL-IB mRNA levels when IL~18 was | B
- stimulated by mself or. by I.:PS (see ﬁgure 3.5, ) An RIA was used to measu:e :

. the levels of IL—:LB protem afte.r stlmulatmn mth IL-4 in PBMNCs IL-4 was
| shown to mhi_pxt the expre551on of IL-18 compared to_ un_stxmulated cells after -
24 houi's; in 'addiﬁoﬁ'when'llfia or LPS Was uSed'te iﬁduce the e:‘rpressioﬁ |

- '__of IL-lB 14 inhibited ﬂns increase in IL-113 production. It can therefore be

'saxd that IL-4 acts to decreaSe the production of IL-1B at the mRNA and at

__ the protem level. 18 mainly a secreted protcm (Knstura et.al. 1989) .
This # 15 confirmed by the RIA da’m here. IL-1a mduces the synthesls of eell- -
B hassocw.ted and secreted IL-‘.LB but it mduces the synthesis and. secretion of :
' secrete.d IL-lB to.a greater extent. Secreted IL-lB is then able to play an .'

1mportant role in mediating the local and systemic responses to infection B

: (Molloy et al. 1993) This data oonﬁrms prewous studws that show that TL-4

_decreaseeﬁ..—lﬁ protem Ievels (Fentou et aI 1992) Thus, the data presented '
- here indxcaiL:s that, at the mRNA and protein level, 14 acts to decrease | A

18 producuon, thus modulam_g the action of this proinflammatory cytokine.

156

“u



49, ANALYSIS OF IL-IRfI PROTEIN BY WESTERN BLOTTING AND
IMMUNODETECTION . -

The data on the regutation of IL-1R(] _xﬁRNA by IL-4 and dexamethasone was
inconclusive, ie. it could not be détermined_ﬁhether these stimmli affected lL- |
IRY at the mRNA level. The production of IL-1RtI fr_otein was Wed by |
West_em blotting and mnodetecﬁom (see 2.9.). The presence of the IL-
" 1RMI protein is difficult to .demonsu'afe. Most of thé stﬁdies have .u;sed -
 inhibitory IL—IRtI antibodies to demonstrate the presence and :Euncuon of -
1Rt (Colotta ef al. 19938), Re et al. (1994) showed that IL-4 increased II-IRMI
m neutrophﬂs, and Monick e_t. al (_1994) showed that .dexamethasone did not
decrease IL-1RiL | |

IL-ARM protein was detected in PBMNGs (n=1) by Western blotting.

PBMNCs represent a mixed population of cells, therefore the role of the
| lymphocytes in the mixed PBMNC population was analysed. Based upon visual

assessment of the Western biot, IL-4 also seemed to upregulate the expression

of IL-1R4 in lymphocytes. IL-4 bas been imp]icafed in the proliferaﬁbn of T

cells (Mori ef al. 1995). Therefore this increase in F.-1RfY could play a part
in that activation, When the nonadherent lymphocyte population was |
stimulated with dexamethasone, there appeared to be an increass in the
 production of TL-1R{T protein. These resulis i:omplenient .the ﬁndmgs in the
literature, although it must to taken into account that in the experiment only
2 of 3 donors responded in this way. IL-4 upregulated (n=1) the expression |
 of IL-IR(l in THP-1 cells (see figare 331). | o



Ii~4 increases tﬁe mRNA for the “décoy" IL-1RHI, thus inhibiting the action
of IL~1 on the celk It has also been found (both here andm the literature that
| YL-4 increases the expreesion of _ihe signalling XL-IRAL. 1t is possible that this
effect on IL-RHI protein found in THP-1 cells s part of a system of checks
and bélances,_. wére the responsivéness of the cells to IL-18 % ﬂiddulated. |

A time course of IL-1RtI prddﬁétibﬁ in HL-60 cells was performed. The HE.-

60 cells were fpum_:l t:_i constitutively express Ii_)-lRtI protein, as the proiein
 was Qete«cte& in unstimulated oeﬂs.'pmmethasbne .inhibi‘.ced.th.e expresmon .
of LRI ii1_ these monocync cells {n=1). At both 4 hours 'ar.;d 24 hours, 8

dexamethasone inkibited the production of IL-IR(I protein by 50 % (ses

319). It Is possible that dexamethasone was qrtotmnc to the HL-60 cells -

 (although the cells appeared healthy), and that dexamethasone did not truly

dovmregulate IL-IR, In addition, Re ef al. (1994) found that dexamethasone
increased the expression of IL-1RtI in neutrophils. |

Phorbol .esters such as 12-o-tetradecanoyl phorhol~13-acetaie (TPA) are
known to diﬁerenﬁéte HE-60 cells towards a more macrophage - like state
(Collins et al. 1987). The effect of the phorbol ester and differentiating agent,
PMA, on the expression of lL-IRtI protein was investigated. PMA had Little

effect on the levels of IL-IR(Y mRNA in the cells tested. The IL-1RtI pmtein_ |
levels were therefore analysed after 24 hours of exposure to PMA. HL-60 cells
began adhering to the plastic petri dishes after 24 houts of PMA ireatment,
indicating that the cells were b ‘uning to différentiateIMds cells with



more mamphage llke charactenstlcs PMA upregu]ated *&he expression o
-:_]L-IRtI protein compared 0 unstimulated cell (n=5), indicating that
) d1fferennanonresu1ts manmcreasemtheslgnalhngmmmlﬂrﬁ(?ceﬂs. -

4.10.. IMUNOPRECIPITATION OF IIrIRtI PROTEIN
.Nu data oould be obtamed by Westem blottmg about the effects of ]L-4 on
‘the expressmn cf IL-l’RtI proteln IL-1Rd was therefore zmmunoprempﬁated |
from a total cellular protem extract from adhered monocytes. The "
:mmunoprec;pmted IL-lRtI protein was ‘then Westem blotted and |

lmmunodetected. “This increased the amount of]L-IRtI protem that cotld be

_ loaded on to the PA_GE gels, whwh therefore mcreased the mtenmtles of the |
" protein bands detected after Westem blotl:lng a.nd mmunodetection. In two.
' :_of the three donors, L4 upregulated the expressmn of IL-1RtI protem, while |
. in the other donor, IL-4 m.arkedl\r demased the expression of IL-IRtL protem. |

YL-4 upregulated mlRﬁ protein _expkéssicn (in adhered monocytes; THP-1 -

" cells, and HI-60 cells), Some of 'the 'expériménts were'bnty perfémied once .. |
| and.thére_fbre their resuits nﬁﬁst. be iﬁ_terprutéd vnth caution. 'I‘hixs,. L4 not
‘only increases the expression of the inhibitory IL-IRAI, but also the signalling
ILRE | I



411, IMMUNOPRECIPITATION OF IL-IRtIf PROTEIN

: Unforttmately;__thc IL-1RAL antibody available to me was not suitable for

immunodetection after Western blotting, Thus the antibody was used to
immnuoprecipitate’tha TL-1RHI protein from & total cellular protefn extract
from adhered monocytes and HL~60 celis. The protein G - secondary antibody

complex bound nonspecifically to many proteins in the sample. This can be

seen when this nonspecific binding was not removed before starting with the

spcciﬁc- precipitation. This can be seen in figure 3.24, which shows the -

‘multiple proteins bands visualised on the SDS PAGE gel stained with

Coomasie blue.

The immumoprecipitated IL~ 1R protéin from adhered monocytes and HL-60
cells were run on a SDS PAGE gel and stained with Coomasie .blue. This
stain was not sufficiently sensitive, as only the precipitating antibody was
detected. The gel was then stained with 2 silﬂr'er stain which pi‘bve:l to be far
more sensitive. A protein band was detected which, using Rf values. was found
to be approximately 63 kDa, This protein could possibly have been the IL-
IRt protein. .

It was thought that a higher concentration of protein loaded oa to the gel,

would successfully result in the immunodetection of IL-IRII protein after

~ blotting. No protein band of the correct size was detected. This was either

because no IL-IRtIl was expressed in the cells, or because the IL-IRfH

primary antibody was unsuitable for Western blotting and immunodetection,



In order to -opﬁ:_nise the conditions for Western blotting, the following steps
were taken. Between incubations with the primary a'ntiboﬂy, the secondary
| antibody, and the streptavidin peroxidase, the blot was washed with great care

. 50 as not to dislodge the weakiy. binding IL~-1RI antibody, In addition, the .'
del:ergent, 'I’ween-ZO.' was 1o é,dded to the washes, but the antibody was still

washed off and no specific IL-1R{I protein band was detected The pnmars
ant:‘bndy (anti-IL~1R{I) did bind nonsPecnﬁcally to the secondary antlbody

bands (l_leavy and light _chains)_. As a result, no data on the expression of the

IL-1RHI protein expression in these cells could be obtained, It is possible that

there was o IL-1RMI protein to be detected in the cells, but this seems

~ unlikely based on the IL-1R¢II mRNA data and based on the ﬁndmgs of other
groups (Colotta et al. 1993),

In order to so;ve this problem, the first step would be to repeat the
experiment, possibly using a higher number of cells. As the IL~-IRII primary
antibody is not ﬁuitabie for immunoblotting, an alternative technique could be
used in the future, The method of metabolic Iabelling with *5-methionine
~ followed by the imﬁunoprecipitaﬁon of the radiolabelled IL-1R{H protein
would greatly enthance the level of detection. Tt is important to confirm that
-4 and dexamethasone increase IL-1RHN protein expresslon. The mRNA

data for IL-1RtII expression indicates that this is the case, but it caunot be |
assumed that a change in the expression of a gene at the mRNA level
antomatically means that the expression of thaf protein at the cell surface is

altered in the same way.



. CON ION, D

TL-1 plays an important role in the fmmune and inflammatory responses. Tir1 N

has many systemic and local effects, including fever, inducing the acute phase
response, and affecting the expression of vario_ﬁs genes which are also involved

in the immune and iﬁﬂammé.tory responses. IL~1 has been described as a.

- proiuﬂam:na_t’orjr cytokine,-which can have deleteriods effe_:cts when it is over

produced (eg. TL-1 and TNF-a have beeﬁ impl.icatcd___in septic shock); Thus the

regulation of the synthesis and action of this potent cytokine needs to be

| ﬁghtly'odntrollﬁd_. There is more than one regulatory system for TL-1, which

incl_ude the "produ'ct'ion of a unique Ilrlr_a,.cytdkines sich as IL-4 and IL-10
down regulate IL-1 expression, aﬁd the reguiation of IL-1 at the receptor
level. IL~1 has twfrb receptors, namely, II,»iRtI and IL-1RtH, IL-1R has béeu
shown to be a functional recépfor, expressed at lc.:_wl concentrations on the cell
surface. Binding of IL-1 to th_f'é réceptor elicits a response in the cell. IIzlﬁtI[,
on the bther hand, is a nonsignalling receptor or ".decoy" receptor which acts
as a molecular trap for IL-iB, thus. preventing IL-1 from binding to the HL-
IRt], This represents an additional method of inhibiting the action of IL-1,

The main object of this ptojecé ‘was to study | the effects of 1L,

dexamethasone and IL-18, on the expression of IL-IR, L-IRAI, and IL-18

in monocytic cells, The cytokine, IL-4,  and the synthetic glucﬂcarticdid._



desmethasone, have antiinflammatory properties, and have been reported
to inhibit the eipress‘_ion of IL-18. Ir: addition they have been implicated in the
regulation of the IL-1R’s in neutrophils, T helper-2 cells, and monoeytes.

To confirﬁ:_g c‘latﬁ 111 the Iii_erature, the effect of IL-4, dexamethasone, ﬁrlﬂ, -
and LPS- on IL-18 expression was investigated. IL-4 and dexamethasonie both

: dﬂﬁn' régulated the expressiori of IL-18 aiter 4 hours- in adhe.rcd monocytes |
at the mRNA level e determined by Norther blotting (section 35.).

.Although no certain statement can be made, the results in figure 3. 6 mdncate.'

|  that IL4 dccreascd the exprssmon of IL-18 at the mRNA level, when this
exPressxozi was mduced by LPS or IL—IB At the protem level in adhereci.
. monoqrtes, LPS and IL-1c mcxeased the expression of TL-18 after 24 hours,
and this increase was inhibited by IL-4 (secnon 3.12 )« The results in figure 3.4
* indicated that IL-18 induced more IL~18 than L1 was able to induce, Thus
1L-4 and_.'dexamethasone haye been shown to have an{i—inﬂammatbr_y activities
by inhibiting the expression of YL-18 in monocytes. Thus the dverpfoduction '
of IL-18 can be inhibited by IL4 or dexamethasone.

Using the met_hod of RT-PCR it wa§ found that mlRﬂ mRNA was expressed
in unstimulated adhered monocytes: and in the leukaemic HL-60 cells. Clark
(1992) showed that T4 increased the expression of IL-TRI in T helper-2
cells, sud Re e ul (1994) showed that dexamethasone also incroased the
expression of IL-RL. This study confirmed that IL4 increased the expression
of IL-1R¢I protein (section 3.14.1,) in the adhered monocytes of two out of




M

three donors. The results also suggested that dexamethasone increased the

‘expression of IL-1R{] protein in nonadherent Iyﬂxphocytes (section 3, 13'2)

De:,amethasone possibly decreased IL-lRtI profein m HL~60 celis although _
th:s was a single experxment, and it was posmble that dexamethasone was toxlc -

to the cell.s (section 3.13, 3, ). 'Iherefare the downregulation of IL-1R4T by

dexamethascme was posmbly mot & true result. Thus 1L~4 and dexamethasone -

not uﬁly increase the expression of IL-IRtH, but .they paradoxically also
incrieage'thg expression of IL-:lRti.' An increase in IL?_lRt_II wonld inhibit 1L~

Cors action, but an ncrease in YL-1R{ should have the opposite effect. Possibly

the- increase in IL-IRtI is part of a regulatory mecham'sm, contzolling the

action of these two anu-mﬂammatory agents, cnsurmg that they do not inhibit

the responses of the cells to IL-1 completely

IL-4 and dexamethasone mcrease the expression of the ncms:gnal]mg IL-IRtII

in neutropl’uls (Colotta et al. 1993&) An ms:rease m the expression of IL«
1Rt11 intibits the action of IL-1 on the oell. 'I_'hls study found that (usmg'RT- )
PCR) I1.-4 and dexamethasone after 4 hours increaSed_ thé expre#sién ot‘ I
1RtH at the mRNA level.in adhered moﬁocytes_. The results also sugéested - |
that (using RT-PCR) IL4 increased the expression of IL-IRHII mRNA in
THP 1 cells, although this was a single experiment. 'Thus L4 and
. dexamethasone act as anmnﬂammatory agents by mcreasmg the expresmm of

"decoy” IL~1R{II in adhered monocytes and maybe THP-1 cells,
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The eﬁedts of differentiation on the leukaemic cell lines HL-60 and THP-I '

a on the expression of 'IL-.lRtI and I~ Rl was inVeSﬁgated No data eould be
 obtained for IL- 1Rt at the protein level. Although differentiation of HL-60
cells with PMA for 24 haurs did not induce & marked change in the adherence
of HLGD cells to the petri dlshes PMA did increase the expression of IL-1Rt] ..

to detectable levels usmg the Western blot technique. Thus it seems that

| d;fferennatmn of the leukaermc cell line HL-60 towards a mora macrophage
| like state results m an increases expression of IL-lRtI One cannot say
- whether this would increase the responsiveness of the HL-60 cells to IL-1, as
it conld not be shown whether PMA caused & simllar increase in IL-"RtII

Thus from the chove study it can be seen that IL-4 and der_kamethaSDne do
have antiinﬂainmatozy properties with respect to inhibiting IL-1 by increasing
the expression of thee nonsigialling "-deco;_r‘"IIARtlI in adhered ménocyte_s.

‘Tt was asked at the beginning of this study if the leukaemic cell lines differed

in their regulaﬁon of IL-1Rs compared to adhered monocytes. Although it
cannot be said for certain, thti results showed that L4 and dexamethasone

had similar effects on adhered monocytes, HL-60 and THP-1 cells, with.

tespect to the expression of IL-1RtI and IL Thus HL-60 and THP-1 cells

conld posmbly be used as a model for studymg the ant1~mﬂammatmy eﬂ’.ects
of IL-4 and dexamethasone on monocytes A model for the study of
monocytes is required as pure fractmns of penpheral blood monocytes are

Aiffionlt to obtaxn,- therefore it wonld be trmesavmg and convenient to use HL»

60 and THP-l cells instead,



In the future the results in the study need to be confirmed to determine if the
- results were significant or not. It was only possible to perform some of the

experiments once or twice, and in some cases, due to technical difficulties, sio

* data could be obtained. For example, littl data could be obtained using the

' THP-I cells due to dlfﬁcultles encountered in CIﬂtlln,"‘F’ them. As THP-1 éells
are more mature and therefore more monoqmc in nature than HL-60 cells,

they would appear more smtable_as model for . Jying monocytic cells.

The regulation of IL~1 at the level of signal transduction, -althdugh extensively
studied, s still in question. The function of NF—kB and other nuclear féCtors -
on 1]‘..«1 sﬁg;ﬂal transducuon have also ‘been stud* 1 area of i mterest in the

_future would be the 1mmed1ate events followmg 11 bindmg to its Ib-lRtI.
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