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Abstract

Autoimmune diseases are thought to result from the inappropriate activation of the
immune system resulting in damage to tissues in the affected individuals. The presence of
circulating autoantibodies is associated with most autoimmune diseases. Systemic lupus
erythematosus is characterised by the presence of high titre autoantibodies which bind to a
van'ety of nuclear antigens including DNA. Anti-DNA antibodies have been found deposited in
the disease lesions of SLE patients, thus suggesting that these autoantibodies are involved in
disease pathogenesis. Investigation of the genetic origin of autoantibodies is required to see if
they are derived from different imniunoglobulin genes than those utilised in the production of
antibodies to exogenous antigens in healthy adults.

The immunoglobulin variable region genes utilised in a panel of monoclonal
autoantibodies derived from three SLE patients with active disease were investigated and
compared with immunoglobulin gene usage in autoantibodies derived from vasculitis and
polymyositis

Northern blotting analysis utilising cDNA probes specific for six human VH gene
families revealed a VH4 gene family bias had occurred in the generation of these
autoantibodies. The VH4 gene family bias usage was further investigated by sequence
analysis. Anti-DNA antibodies of the IgM isotype were found to be expressing
immunoglobulin variable genes with close identity to known germline genes. These data
support the idea that autoantibodies can be generated with little or no somatic mutation. For
example, the VH4.21 germline gene was utilised by three anti-ssDNA antibodies. The
distinctive feature of these autoantibodies was the presence of arginine residues within the
heavy chain variable gene CDR3 fegion. Positively charged amino acid residues such as
arginine and lysine have been suggested as important elements in conferring DNA binding
ability in murine anti-DNA autoantibodies. These results show that these amino acids could be
involved in DNA binding in human anti-DNA antibodies. The VH 4.21 gene was also found
to encode an anti-myeloperoxidase autoantibody derived from a patient with vasculitis.

The anti-MPO antibody E3-MPO did not bind DNA and did not express the arginine
residues seen in the VH4.21 encoded anti-DNA autoantibodies. Anti-DNA antibodies encoded
by other variable region germline genes such as VH4.22 did not contain arginine residues
suggesting that other factors apart from the presence of positively charged amino acid residues
are involved in generating DNA binding ability.

The studies described here show strong evidence that human monoclonal anti-DNA

autoantibodies resemble those found in murine models of SLE.



Abbreviations

aCL Anti-cardiolipin.

ANCA  Anti-neutrophil-cytoplasmic antibody.
ANA Anti-nuclear antigen.

APS Anti-phospholipid syndrome.

BSA Bovine serum albumin.

bp Base pairs.

CA Cold agglutinins.

CDR Complementarity determining regions.

CLL Chronic lymphocytic leukemia.
D Diversity gene segment.

DNA Deoxyribonucleic acid.

DIT Dithiothreitol.

EBV Epstein Barr virus.

EDTA Ethylenediaminetetra-acetic acid

FR Framework region

Id Idiotype.

IPTG Isopropyl-B-D-thiogalactopyranoside.

Jx Joining region gene segment (kappa light chain).
A Joining region gene segment (lambda light chain).
JH Joining region gene segment (heavy chain).

kb Kilobase.

MHC Major histo compatibility complex.
MPO Myeloperoxidase.

NZB New Zealand black (mice).

NZW New Zealand white (mice)

PBMC  Peripheral blood mononuclear cells
PBS Phosphate buffered saline.

PCR Polymerase chain reaction.

RA Rheumatoid arthritis.

RNA Ribonucleic acid.

RNP Ribonucleoprotein.



RT
SDS
SLE

Reverse transcriptase.

Sodium dodecylsulphate.

Systemic lupus erythematosus.

Smith antigen.

Tris acetate EDTA buffer.

Tris borate EDTA buffer.

Taq polymerase.
N,N,N,N-tetramethylethelene-diamine.

Variable region gene segment (kappa light chain).
Variable region gene segment (lambda light chain).
Variable region gene segment (heavy chain).

5-bromo-4-chloro-3-indoly-B-galactopyranoside.



TITLEPAGE........eeeeeeeeeeeee et eeeeeeeeeeeee e eeeeee s e ee e eeeeeeeseee e e seees 1
19)21D) (674 18 (0 SN 2
ACKNOWLEDGEMENTS. ... ees e eeees e s e s seesesees s seseenen 3
ABSTRACT. ...t eeeeeeeeeeeeee et e et esee e e e eeee e et eeeeeeseeeeeeaeeeees 4

~ ABBREVIATIONS.........cumemiuriamecaneeneseneee st asessessesaesaesacesesens 5

" TABLE OF CONTENTS. ....veoeeeeeeeeeeeeeseeeeess e eeeeseeseeseeeeeeseeeseeseeee 7
LIST OF FIGURES......cooineieeteeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeneeereseee e eeanaes 14

" LISTOFTABLES.....ocvoveeeeeivereeenn, e e 16
CHAPTER 1. INTRODUCTION.......oorumeuemneaneameneenseessesneeeseseeenes 17
CHAPTER 2. MATERIALS AND METHODS..........oooeeeeeeeeeseeeerereeeees 76
CHAPTER 3. RESULTS.......coveueeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeseeeeeneenenes 99
CHAPTER 4. DISCUSSION.....veeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseseeeeeeseseees 169

" CHAPTER 5. REFERENCES......cviueieeeeeeeeeeeeeeeeeeeeeeeeeseeneeeeseseaens 189

APPENDIX Lot 216



CHAPTER ONE

INTRODUCTION

1.1 AUTOIMMUNE DISEASE; CLINICAL CHARACTERISTICS............ 18

I) SYSTEMIC LUPUS ERYTHEMATOSUS...........ooveeerrereerens 18

I POLYMYOSITIS .ooeeeeeeeeeeeeeeeeeeeseesseeeesseeseeeeeeeseeseeneeee 20

TI) VASCULITIS.....eeeeeeeeeeeeeeeeeeeeeeee e eeeeeeseeeeseeeeeee 20

IV) ANTIPHOSPHOLIPID SYNDROME...........coooovveoorveeesrerenenn 21

1.2 MODELS OF SYSTEMIC LUPUS ERYTHEMATOSUS...................... 22

1.3 IMMUNOGLOBULIN STRUCTURE............ecooseeeeseseeeereeesreeeese 24

I) HEAVY CHAIN ORGANISATION...........covoereereereeerereereene 27

2) V-(D)-JH RECOMBINATION............oooeooeeeeeeeeeeeees s, 27

BYTHE VH GENE LOCUS. ... ooeeoeoeeeeeeeeeeeeseeeeeeseeeeeseeen 28

) THE VHL FAMILY............oeeeeeeeeeeeeeeeeeeeeeeesesesseseseenenens 31

YTHE VH2 FAMILY........ovoveveeeeeeeeeeees e eeees e eeees e 31

€) THE VH3 FAMILY..........o.oeeeeeeeeeeeeeeseeeeeeeeeeeseeeeeeeeeeeo 31

£) THE VHA FAMILY.........v.vovoeeeeeeeeeeeeeee e eeeeeeeeeeeeeeee 31

@)THE VHS FAMILY..........vvovoeeeeseeeeeeeeeeeeeeeeeeesenes e 31

hYTHE VEHG FAMILY..........oeveeoeeoeeeeeeeeeseeeeeeeeeeeeeeeeeneeeeee 32

) THE VHT FAMILY...........eoeoeeeeeeeeeeeeeeeeee e seeeeeeeseseeeses 32

D REGION GENES.......oovooeoeeeeeeeeeeseseessseesseeseesseeee 32
k)NON-CONVENTIONAL REARRANGEMENTS GENERATED

BY D SEGMENTS......oveoeeoeeeeeoeeeeeeeoseseeeeeseseeeseeessessne 33

1) JH REGION GENES......ooooooeoooeoooeoeeeeeeeesesseeeeeeseeseeesen 34

1) LIGHT CHAIN ORGANISATION.........oeoeroeeereeeseeeeseeerenee. 35

Q) KAPPA  CHAIN.......oooeoeeeeeeeeeeeeee oo ee e 36

B)LAMBDA  CHAIN......ooooeoeeeeeeeee oo eereeeseeeeee s 36

1.4 B CELLREPERTOIRE. ........ovooeoeeeeeeeeeseeeese s eeseseeeeeeeeeeeeesesnns 36

1.5 TOLERANCE AND REGULATION OF B LYMPHOCYTES................. 39

1.6 NATURAL AUTOANTIBODIES.........cccooiiiiiiiriiinictecereiceeeee 41



1.7 AUTOANTIBODIES IN SLE; NATURE AND SIGNIFICANCE............ 43

I) ANTI-DNA ANTIBODIES..........ccccciiiiiiiiiiiiiiiiiirnceee 43
II) ANTIBODIES TO RNA......ccccoiiiiriiiiirtccrrvcceeeee 46
IIT) EXTRACTABLE NUCLEAR ANTIGEN........cccoovceeeenrnnenne. 46
IV) RHEUMATOID FACTOR.....ciiiiiiiiiiiiiiiiiiiec e, 46
V) ANTI-HISTONE ANTIBODIES........ccciriirriirrriiccceeeenne. 47
VI) ANTIPHOSPHOLIPID ANTIBODIES.........ccooevemeeinenn. 48
VII) ANTI-NEUTROPHIL CYTOPLASMIC ANTIBODIES............... 49
1.8 THE IDIOTYPE NETWORK......c.coiiiiiiiiiiccererteceeeeneeee 51
1.9 CROSS REACTIVE IDIOTYPES FOUND IN AUTOIMMUNE
DISEASE AND MALIGNANCY......cciiiiiiiiiiiiiii it 52
1.10 IDIOTYPES WHICH ARE ELEVATED IN SLE........ccccccciiiiiiiieenenn. 54
1.11 V GENE USAGE IN AUTOIMMUNE DISEASE AND THE FETUS...... 60
1.12 VH GENE UTILISATION IN THE NATURAL
ANTIBODY RESPONSES......coitiiiiiiiiiiiiiiiieecee e, 63
1.13 THE ROLE OF SOMATIC MUTATION IN THE
GENERATION OF AUTOANTIBODIES..........cccooeeiiiiiiiiiiirnnnnnns 64
1.14 V GENE USAGE IN AUTOANTIBODIES.........cccoccerieiiiirinnnneen 67
I) ANTI-HISTONE ANTIBODIES.........cccooiviiiiiiiiiiiiiiee, 67
II) ANTI-CARDIOLIPIN ANTIBODIES.......ccccorrriiriiniiniirinena. 67
III) ANTI-DNA ANTIBODIES.......cccooiviiiiiiiiiiiiieieiceenees 68



HAPTER TW
MATERIALS AND METHODS
2.1 MATERIALS. ... e ee et e e e e e e e e 77
I) BACTERIA. ... ean e 77
II) MONOCLONAL AUTOANTIBODY CELL LINES................... 77
I VIRUSES ...t ere e e e eas 78
IV DN A e 78
V) DNA PROBES.. ... et 78
a) Human immunoglobulin constant region........cccceceveeeeereeeene. 78
b) Human immunoglobulin variable region probes..................... 78
V) POLYMERASE CHAIN REACTION PRIMERS...................... 79
VII) ENZYMES . ettt e e e 79
VIII) RADIOCHEMICALS. . ... e 79
IX) BUFFERS, SOLUTIONS AND GROWTH MEDIA.................. 80
X) OTHER MATERIALS AND REAGENTS......cccceeiiriiireinnnnene 80
2.2 RNA METHODS ... .ttt e e 81
I) RNAISOLATION. ..ot 81
a) Large scale preparation..........cc.ccceceeviiiiniieniviniiinniiennnns 81
b) Small scale preparation (1)....ccccceeevviiiiriniiiiiiiiiniiiniiieen 81
c) Small scale preparation (2)......ccocoeviiiiniiieniiiiniinnciinnnnen 82
II) SPECTROPHOTOMETRIC ANALYSIS OF RNA.................... 82
III) RNA ELECTROPHORESIS.......cccccocuiiiiiriiiiiiiiincnane. 82
IV) NORTHERN BLOTTING......cccoiiuiiiiiiiiniieeeenceeeenenanes &3
V) RNA SEQUENCING.. ..ot 85
2.3 DNA METHODS. ...ttt 88
I) ISOLATION OF PLASMID DNA....ccccooiiiiiirriiiic e 88
a) SMALL SCALE PLASMID PREPARATION...........ccccccuuenes 88

b) LARGE SCALE PLASMID PREPARATION.........c..c.ccccuuueen 89

10



1)

IIT)

§s8°

IX)
X)

XI)
X1I)
XIII)
XIV)
XV)
XVI)

GEL ELECTROPHORESIS OF DNA.......cccccccriinieriinnnn. 90
a) NON DENATURING AGAROSE GELS........cccccvvvunuuneens 90
b) DENATURING POLYACRYLAMIDE GELS....................... 90
SOUTHERN BLOTTING.........cccttvmmiiiriiiiiniiniiiniieceeees 90
RADIOLABELLING OF DOUBLE STRANDED DNA
FRAGMENTS ...t 91
ISOLATION OF DNA FRAGMENTS........ccccocviiiniinnnennenn. 91
cDNA SYNTHESIS......cotccccece, 92
POLYMERASE CHAIN REACTION.......ccccocevvmmiinineennnen. 93
a) POLYMERASE CHAIN REACTION.......ccccovvvinrrerririnnnee 93
b) PURIFICATION OF PCR PRODUCTS.........ccccccuvurvrrnnnane. 94
CLONING OF PCR PRODUCTS........cccevirrmirriiiiicnnen. 94
TA CLONING.....c.ioiiiriiiiiiicr e 95
PREPARATION OF E. COLI COMPETENT CELLS AND
TRANSFORMATION WITH PLASMID DNA..................... 95
SELECTION OF RECOMBINANT PLASMIDS...................... 95
DNA SEQUENCING.....ccooiuiiiiiiiiriii e, 96
DIRECT SEQUENCING OF PCR PRODUCTS...................... 96
DOUBLE STRANDED SEQUENCING.........cccccovvuumrmrernennn. 97
SINGLE STRAND DNA RESCUE........ccccoiviiiiiiirene. 98

GENE SEQUENCE ANALYSIS....ccoiiiiiiiinininneenees 98

11



CHAPTER THREE

RESULTS

3.1

3.2

3.3

34

3.5

3.6

3.7

3.8

VH GENE USAGE OF MONOCLONAL AUTOANTIBODIES

DETERMINED BY NORTHERN BLOTTING..........ccccceeeienennne

ANTI-DNA AUTOANTIBODIES ENCODED BY THE VH4.21

VARIABLE HEAVY CHAIN GERMLINE GENE......................

AN ANTI-MYELOPEROXIDASE MONOCLONAL ANTIBODY

ENCODED BY THE VH4.21 GERMLINE GENE....................

A MONOCLONAL AUTOANTIBODY ENCODED BY THE

GERMLINE GENE VH4.22......ccoiviiiiiiiiiiiiiiiiece e

MONOCLONAL AUTOANTIBODIES ENCODED BY THE

VH4.18 GERMLINE GENE........cccccoiiimiiiiiiiiiiicncnii,

MONOCLONAL AUTOANTIBODIES ENCODED BY THE

HV71-2 GERMLINE GENE........cccciiiiiiiiiiiiiiiiceeanes

MONOCLONAL ANTI-DNA ANTIBODIES ENCODED

BY THE 56P1 GERMLINE GENE..........cccccovvmrivimmmmnnnnnnnne.

MONOCLONAL AUTOANTIBODIES ENCODED BY THE

VH26 GERMLINE GENE......cccooiiiiiiiiiinene,

12



CHAPTER FOUR
DISCUSSION
4.1 VHGENE FAMILY USAGE IN AUTOANTIBODIES..........ccooee...... 170
4.2 SEQUENCING METHODOLOGY........coveeeeeeeeeeeeeeeeeeeeeeeeeeaesens 173
4.3 UTILISATION OF THE VH4.21 GENE IN AUTOANTIBODIES.......... 174
4.4 AUTOANTIBODIES ENCODED BY VH4 GENES IN GENERAL.........177
4.5 AUTOANTIBODIES ENCODED BY 56P1 AND VH26 GENES............ 178
4.6 AMINO ACID RESIDUES ASSOCIATED WITH

BINDING TO AUTOANTIGENS.......coomeeereeeereeereemeeseereavessns 181
4.7 THE PATHOGENIC POTENTIAL OF POLYREACTIVE

IgM AUTOANTIBODIES........ooieeeeeeeeeeeeeeeeeeeseeeesesesssesssensanees 183
4.8 POTENTIAL DYSFUNCTION IN B CELLS PRODUCING

AUTOANTIBODIES.......oiuiitieeieteeeeeeeeeeeeeeeeeeeseeresseseneeneenens 184
4.9 THERAPY. ......ooiioe e e e et e e e eeeeeeee e s e e saeeeneeeenees 185
4.10 FURTHER  WORK ......oiuiiiiieeeeeeeeeeeeeeeeeeeeieeeeeeeteneeneensesensens 186

4.11 CONCLUSIONS . ... eees 188

13



List of Figur
Chapter 1
Figure:- 1.1

Chapter 3
Figure:- 3.01

Figure:- 3.02
Figure:- 3.03
Figure:- 3.04
Figure:- 3.05
Figure:- 3.06
Figure:- 3.07
Figure:- 3.08
Figure:- 3.09

Figure:- 3.10
Figure:-3.11

Figure:-3.12
Figure:- 3.13
Figure:-3.14

Figure:- 3.15
Figure:-3.16

Figure:-3.17

Figure:- 3.18
Figure:-3.19

Figure:- 3.20

The structure of.an immunoglobulin molecule........................ 25
Northern blots hybridised with the VH1 and Ct probes........... . 103
Northern blots hybridised with the VH3 and VHS probes.......... 104
Northern blots hybridised with the VH4 probes...................... 105
Northern blots hybridised with the VH2 and VH6 probes.......... 106
RT79 heavy chain variable region.........ccccceevvreerrrnernennnnn... 108
RT79 kappa chain variable region........cccccovvrrvrmrennnnnnnnnnnn.. 109
RT84 heavy chain variable region........ccccoeevevereeennnenennnnnnn.. 110
RT84 kappa chain variable region........ccceceeveeveeerererennneenn. 111
IgM VH4.21 encoded anti-DNA heavy chains compared

with cold agglutinins which do not bind DNA..................... 113
DS heavy chain variable region........cccccccviiviiiiivniinnnnennnn. 115
D5 IgG heavy chain variable region versus T14 an

anti-DNA VH4.21 encoded monoclonal..................c.......... 117
D5 kappa chain variable region..........cceceeevveecirrenneneninean, 119
E3 MPO heavy chain variable region........cceeeeeeevvnerercennanes 121
E3 MPO heavy chain variable region verses MPO

negative cold agglutinins..........cccevvniiiiiniiiieniieecennneeenns 123
E3 MPO light chain variable region........ccccceceeeeivorvicncnanes 124
RT72 heavy chain variable region........ccccccccuueeeeeneerencecnnne 128
RT72 heavy chain variable region compared with RT72 id

positive heavy chain variable region.........cccccceevveirnnnccn. 129
RT72 kappa chain variable region.........cccccceeeeereeeeeecreccennn. 130
RT72 kappa chain variable region compared with 31 id

positive kappa chain variable regions.........ccccceverecerueencenn. 132
RT55 heavy chain variable region..........ccccoeevvenecnieccannnnn. 134



Figure:- 3.21

Figure:- 3.22
Figure:- 3.23

Figure:- 3.24
Figure:- 3.25
Figure:- 3.26

Figure:- 3.27
Figure:- 3.28
Figure:-3.29

Figure:- 3.30
Figure:- 3.31
Figure:- 3.32

Figure:- 3.33
Figure:- 3.34

Figure:- 3.35
Figure:- 3.36
Figure:-3.37
Figure:-3.38
Figure:- 3.39

Figure:- 3.40
Figure:- 3.41

RTS5 heavy chain variable region compared with VAR24

heavy chain.....cccooiiiiii s 135
RTS5 kappa chain variable region..........cccccevevevvueneeeiinnnne 137
RT55 kappa chain variable region compared with RT129

light chain....oooiiiiiiii e 138
VAR 24 heavy chain variable region ..........cccoeeevieeeccneennnns 139
RT129 heavy chain variable region .........ccccooceveeeeeeeennnnee. 141
RT129 heavy chain variable region compared to BEG-2

and 2A4 heavy chains................, forerereneeneerieeeseaenaenes 143
RT129 kappa chain variable region.......cccccceuievreeneennnnnnnnn... 145
WRI 176 heavy chain variable region .......c.ccccceeevceeeecneenne 147
WRI 176 heavy chain variable region compared 56P1

encoded anti-DNA heavy chains......cccccccceveeieiiiernnnnennnnn, 148
WRI 176 kappa chain variable region............ccceeeeeumennnnnncnes 150
RT6 heavy chain variable region........cccccccvveniniicinieinnnnnee. 152
RT6 heavy chain variable region compared to WRI170

VH TeZION o reee e e e 153
RT6 light chain variable region........cccceeiiieniceenrrnenecrneennnen. 154
RT6 light chain variable region compared to WRI170

VL T I0M .. ittt eer e e e e eaes 155
B3 heavy chain variable region.......cccccooeevieeerrvinercenrennnnn. 157
B3 light chain variable region...........c.ccvieiiiciiinniniinnnnnee. 158
B3 light chain compared to RT6 and PV11 light chains.............. 159
UK4 heavy chain variable region...........ccccccvriiicvonurenecenn. 162
UK4 variable heavy chain compared with VH26 encoded

monoclonal autoantibodies..........ccoocoeiiiiiiiiiiiiiiiiiiininn. 163
UK4 light chain variable region.........ccccccevniiiiiiininnicennnnee. 165
UK4 light chain compared to B3 and RT6 light chains.............. 166

15



List of Tabl

Chapter 1

Table:- 1.1
Table:- 1.2
Table:- 1.3

Table:- 1.4

Chapter 3

Table:- 3.1

Table:- 3.2

Table:- 3.3
Table:- 3.4

Autoantibodies in SLE.........ccceuiiiiiiiiiiiiienenniiniiniinnnn, 19
Number of VH families.......cccceeiriiiriiiiminiiiinnenneneniininnnes 30
Characterisation of human IgM monoclonal anti-DNA

antibodies ..., 70
Characterisation of human IgG monoclonal anti-DNA

antibodies .....cccoiiiiiiiiiiiiiii 73
Antigen specificity and Id expression of monoclonal

autoantibodies...cooeiiniiiiiiiiiiiiii s 101
Replacement mutations in E3 MPO V regions .......cocceveeennen. 126
Replacement mutations in B3 V regions .......c.cccecvenieeennneenn. 160

Replacement mutations in UK4 V regions .........cccceeveeennnnnn. 168

16



CHAPTER ONE

INTROD

N

17



18

INTRODUCTION

1.1 AUTOIMMUNE DISEASE; CLINICAL CHARACTERISTICS

Autoimmune diseases are thought to result from the inappropriate activation of
the immune system resulting in damage to tissues of the affected individual. The
presence of circulating autoantibodies is associated with most autoimmune diseases,
although the mechanism by which they help to induce clinical expression of the disease
is still unclear. The aim of this thesis was to investigate the molecular relationships of
the autoantibodies involved in autoimmune rheumatic diseases in order to gain greater

insight as to their origins and role in pathogenesis.

I) SYSTEMIC LUPUS ERYTHEMATOSUS

Systemic lupus erythematosus (SLE) is a disease which predominantly affects
women, especially of child-bearing age, found in all racial groups though with
particularly high frequency (up to 1:250) amongst the black population in the West
Indies and the USA. Joint pain or frank arthritis, light sensitive or butterfly rashes,
severe fatigue and Raynaud’s phenomenon (a triphasic colour response to cold which
affects the hands and feet causing them to go white, blue and red) are frequently
present. Inflammation of the pericardial and pleural tissues causing effusions and
shortness of breath are also common. However, it is central nervous system and
kidney involvement which are responsible for the highest mortality. The ten year
survival rate is approximately 85%. This falls to 60% only for those with major kidney
disease.

The precise aetiology of SLE remains uncertain. However correlations with
endocrine disorders, genetic background and environmental influences have been
noted. Women are approximately ten times more likely to develop SLE compared with
males. Amongst monozygotic twins the concordance rate for SLE reaches 70% whilst
dizygotic twins have a concordance rate of only 15%. The Major Histocompatiblity
Complex (MHC) haplotypes A1, B8, and DR3 are particularly associated with SLE in
Caucasians.

The broad diversity amongst the clinical features is matched by a seemly wide



Table 1.1

Autoantibodies in SLE
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Antibodies to cell nucleus components  Anti-nuclear antibodies

Antibodies to cytoplasmic antigens

Cell-specific autoantibodies

Antibodies to serum components

Anti-dsDNA antibodies
Anti-ssDNA antibodies
Anti-dsRNA antibodies (including
poly A, -poly C, -poly I, -poly U)
Anti-ssRNA antibodies (including
poly-rU, -poly-rA)
Anti-poly(ADP-ribose) antibodies
Antibodies to extracellular nuclear
antigens, anti-ribonucleoprotein
antibodies, anti-Sm antibodies

Anti-SS-A (Ro) antibodies
Anti-SS-B (La) antibodies

Lymphocytotoxic antibodies
Anti-neurone antibodies
Anti-erythrocyte antibodies
Anti-platelet antibodies

Lupus Anticoagulant
Antiglobulins (rheumatoid factor)
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variety of detectable circulating autoantibodies (Table 1.1). Recent studies using
human hybridoma derived monoclonal antibodies have suggested that some of these
autoantibodies are crossreactive (e.g. anti-DNA and anti-phospholipid antibodies), and
thus the variety of specificities recognised by autoantibodies may be greater than was
originally thought. Of the antibodies found in sera from patients with SLE, those
binding to double-stranded DNA especially in high titre are generally regarded as
disease specific and in some cases most closely reflect disease activity. Despite over
thirty years of intensive research, many questions regarding the origin, structure and
pathogenic potential of autoantibodies, especially anti-DNA autoantibodies and their

possible role in pathogenesis remain unanswered.

II) POLYMYOSITIS

Polymyositis is an inflammatory disease of skeletal muscle of unknown
actiology and pathogenesis. When the disease is accompanied by the presence of a
characteristic skin rash the term dermatomyositis is used. The clinical diagnosis of
polymyositis is made on obtaining a clinical history of proximal muscle weakness
which may occasionally be associated with pain and tenderness. Pathological
indicators include raised muscle enzymes in the plasma, myopathic features on
electromyography and perivascular cell infiltration with or without muscle fibre
degeneration on muscle biopsy (Edwards et al. 1981). Circumstantial evidence such as
elevated serum globulins, a variety of circulating autoantibodies, and a clinical
association with the other autoimmune rheumatic diseases, supports the notion that
poly and dermatomyositis are also part of the spectrum of the autoimmune disorders

The female to male preponderance of the disease is nearly 3:1 especially where
there are coexistent features of another ‘collagen-vascular disease’. Myositis most
commonly presents in an insidious fashion with weakness and wasting developing

over weeks, months or even years.

T) VASCULITIS,

Vasculitis is a condition in which inflammation of the blood vessels is the main
pathological feature. It includes clinical syndromes such as Wegener’s granulomatosis,
microscopic polyangiitis and polyarteritis nodosa. Initial blood vessel damage in

thought to be caused by neutrophils followed by a chronic inflammatory response to an
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as yet unidentified target antigen in the blood vessel wall (Fauci ez al. 1983).

In primary vasculitis approximately 50% of the patients have circulating
antibodies to neutrophil granule proteins (anti-neutrophil cytoplasmic antibodies -
ANCA). The main antigens recognised by ANCA are serine protease 3 and
myeloperoxidase. Although vasculitis may also occur as part of the clinical spectrum in
autoimmune rheumatic diseases such SLE, RA, and Sjogren’s syndrome, these
autoantibodies are rarely associated with vasculitis in this group of patients (Cambridge
etal. 1994a).

Since their discovery in 1982, a pathological role for ANCA has been
suggested but remains unconfirmed. The hypothesis has been supported by close
association of ANCA with vasculitis, particularly anti proteinase 3 (PR3)
autoantibodies in patients with Wegener’s granulomatosis, and the correlation of ANCA
titers with disease activity as well as ANCA isotypes with disease expression (reviewed
by Kallenberg et al. 1994). In vitro, ANCA have been shown to provide an additional
activating signal to neutrophils pre-primed with cytokines; resulting in an increased
respiratory burst, degranulation and an increased ability to damage cultured endothelial

cells.

IV) ANTIPHOSPHOLIPID SYNDROME

Autoantibodies reactive with phospholipids such as anticardiolipin antibodies
(aCLs) (responsible for the false positive serological test for syphilis) and
autoantibodies reactive with phophatidylserine, phosphatidylinositol or phosphatidic
acid have received much attention over the last few years. This is not due only to their
relatively high prevalence in patients with SLE, but also because of the strong
association of anticardiolipin antibodies with recurrent episodes of venous and arterial
thrombosis, spontaneous fetal loss and thrombocytopenia (Love et al. 1990,
Sammaritano et al. 1990). A solid phase anticardiolipin assay was developed in the
early 1980’s in order to study sera from SLE patients presenting with thrombosis,
recurrent spontaneous abortions and cerebral disease (Hughes et al. 1986, Gharavi et
al. 1987) a close relationship between anticardiolipin antibody detection and the
presence of lupus anticoagulant was then demonstrated (Triplett ez al. 1988). The high
correlation between IgG isotype anticardiolipin antibodies and clinical thrombosis was

first documented in 1986 (Harris et al. 1986). The frequency of fetal losses and
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thrombocytopenia was also increased in this group (Cervera et al. 1990, Deleze et al.
1989). By contrast only a minority of patients demonstrated high levels of IgM
anticardiolipin antibodies although thrombotic complications were also found in this
sub-group of patients. These findings led to the recognition of a condition later termed
the “antiphospholipid syndrome” (Derve et al. 1985) which encompassed patients with
thrombosis, recurrent abortions and/or thrombocytopenia, elevated anticardiolipin
antibodies and lupus anticoagulant.

Antiphospholipid syndrome can occur in patients with lupus. However, this
syndrome can also occur without clinical or serological features of lupus and these
patients are defined as having primary antiphospholipid syndrome (Alarcon et al.
1989a, Asherson et al. 1988, Asherson et al. 1989). The prevalence of anticardiolipin
antibodies in patients with SLE varies between 20-50% (Alarcon et al. 1989b, Cervera
et al. 1990, Cronin ez al. 1988). Patients with persistently moderate to high titres of
anticardiolipin antibodies of the IgG isotype seem to be at higher risk of developing

clinical features of antiphospholipid syndrome (Cervera et al. 1990, Harris et al. 1986).

1.2 MODELS OF SYSTEMIC LUPUS ERYTHEMATOSUS

A number of animal models of human lupus have been described which reflect
different aspects of the disecase. Perhaps the best known model is that found in the
New Zealand Black mouse (NZB) first derived 30 years ago by Marianne
Bielschowsky and her colleagues at the University of Dunedin New Zealand
(Bielschowsky et al. 1959). It was selected for inbreeding on the basis of a solid black
coat colour. These animals are principally a model of autoimmune haemolytic anaemia
which develops at the age of 9 months and by 12 months virtually all of the animals
have antibodies to erythrocytes detectable by a Coombs test. As well as anti-red cell
antibodies, a number of other autoantibodies were detectable including anti-ss and
dsDNA. Kidney disecase may also develop in these animals notably a membranous
form of glomerulonephritis. Indirect immunofluorescence studies showed deposition
of IgG on the glomerular basement membrane. These animals have a 50% squal rate
at 18 months and by this time have often developed splenomegaly, lymphoid

hyperplasia and invariably have circulating immune complexes.
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A hybrid strain derived from the NZB mouse is produced by mating it with the
New Zealand White mouse. The offspring are known as (NZB/NZW) F1. This
hybrid animal is in many respects an excellent model of human lupus. As with the
human disease it is the female which is most likely to develop the disease and in a more
severe form. In these mice, the symptoms become apparent around the age of 6
months and most animals die from immune complex nephritis by 9 months of age. In
males the disease becomes apparent after 10-12 months with most animals dying at
around 15 months. Renal disease may be detected by the presence of proteinuria as
early as 3 months of age and this is often accompanied by the presence of anti nuclear
antibodies (ANA). Focal glomerulonephritis with immunoglobulin and complement
deposition along the mesangium and capillary basement membrane is commonly found.
The renal damage increases with age and eventually the basement membrane becomes
fibrous and necrotic with epithelial cells filling the capsular space. Serologically,
antibodies to ds and ssDNA, RNA and a number of synthetic polynucleotides and
erythrocytes have also been described. The class of antibody appears to be important
in determining the development of the disease. Up to the age of 6 months the NZB/W
female produces DNA antibodies mostly of the IgM isotype. Isotype switching to IgG
correlates with the onset of renal disease (Steward et al. 1976).
Hypergammaglobulinaemia is present in both the NZB and NZB/W strains and in the
latter infiltration of the lacrimal and parotid glands occurs indicating that they have
developed a disease analogous to Sjogren’s syndrome in humans.

MRL/] mice were first described in 1978 by Murphy and Roths and has also
been proposed as a suitable animal model for lupus in humans. Like the NZB/W F1,
the MRL/1 develops a fatal immune complex glomerulonephritis. The life span of the
animals is shorter in females, approximately 50% having succumbed by 6 months of
age. The most notable feature of these animals is a massive lymphoproliferation
especially in the peripheral lymph nodes of the axillary and cervical regions. A small
number, perhaps 10-20%, develop articular lesions which bear some resemblance to
rheumatoid arthritis. Other features include vasculitic skin lesions, hair loss and
necrotizing arteritis. As with the NZB mouse a wide variety of autoantibodies binding
to nuclear antigens such as ss and dsDNA and the Sm antigen has been described.
Hypergammaglobulinaemia, hypocomplementaemia, raised circulating immune

complex levels, rheumatoid factor and cryoglobulins are also found in the serum of
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these animals. Early thymic involution is also seen in these animals and there are major
defects within the immunoregulatory circuits of the T lymphocytes. The lymphocytes
in the swollen nodes are mostly weakly staining Ly-1 (helper cells) which appear to be
insensitive to signals from Ly-1,2,3 cells which are responsible for feedback inhibition.
As with other autoimmune strains, the MRL/1 also exhibits impaired production of
interleukin 2. A large number of macrophages bearing Ia antigens are found in these
animals, indicating that these cells are activated and antigen presentation may occur at
an unwarranted rate.

BXSB mice are a recombinant inbred strain resulting from the crossing of
C57BL/6] and females with SB/le males. Interestingly it is the males of the strain that
tend to develop a more typical picture of murine lupus. In this respect an analogy may
be drawn with some families of lupus patients as described by Lahita et al. (1983) who
clearly showed that lupus could run in families involving male rather than female
members. These animals develop haemolytic anaemia splenomegaly lymphadenopathy
and hypergammaglobulinaemia. The life span is approximately 5 months and they
usually die because of severe exudative proliferative nephritis. Serologically signs of
autoimmunity may be detected at two months, when rheumatoid factor anti-DNA and
anti-erythroctye antibodies can be found. Furthermore circulating immune complex

levels are raised and hypocomplementaemia is usually noted.

1.3 IMMUNOGLOBULIN STRUCTURE

The basic unit of secreted immunoglobulin, is composed of two identical heavy
(H) chains and two identical light (L) chains which are arranged as a pair of heavy and
light chain dimers joined by disulphide bonds (Figure 1.1). Each chain consists of
separate constant and variable domains that form the antigen binding site and one or
more constant region domains that mediate various effecter functions (1,3, y, o and & in
the heavy chain, x and A in the light chain) (Wu and Kabat 1970, Polijak et al. 1974).
Different subclasses of heavy chains have developed in different mammalian species,
which although sharing similar designations may not be functionally related. In man
subgroups of the heavy chains y and a are found:- v, v,, 13,74 and a; a,. These

subgroups endow each immunoglobulin isotype with different effecter functions. For



Figure 1.1

STRUCTURAL ORGANISATION OF AN IMMUNOGLOBULIN MOLECULE

Antigen binding site VH/W

CH3

Constant region

1. CDR1
2. CDR2
3.CDR3

The combination of the VH and VL regions form the antigen binding site.
The VH and VL domains are shown.

The approximate locations of the CDR regions in relation to VH, DH, JH,
VL and JL are shown.
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example the ability to bind complement or to bind to cell surface Fc receptor.

The N terminal portion of each chain comprising approximately 110 amino
acids forms the variable region of the molecule. During B cell development, a germline
repertoire of fewer than 250 gene segments is used to generate a much larger repertoire
of variable domain structures (Tonegawa et al. 1983, Yancopoulos and Alt 1986).

Combinatorial joining of VH, DH and JH segments (for H chains) coupled with the
joining of VL and JL gene segments (for L chains) yields more than 107 different

antibody molecules (Tonegawa et al. 1983, Yancopoulos and Alt 1986). The light
chain variable fcgions are encoded by two gene segments variable light (VL) and
joining light (JL). The VL and JL gene segments are divided into two groups kappa
(x) and lambda (A) and are rearranged in a similar manner to the heavy chain genes.
Variation in the precise point of segmental joining with insertion of templated (P
junctions) and nontemplated (N regions) nucleotides in the heavy chain exponentially
amplifies the potential diversity of the preimmune repertoire (Lieber 1992). Further
somatic diversification can be achieved by a hypermutational process of insertions and
single base substitutions in rearranged antibody variable genes is associated with
exposure to antigen (Tonegawa et al. 1983). Primary amino acid sequence
comparisons have shown that heavy and light chain variable domains contain three
intervals of sequence hypervariability (termed complementarity regions or CDRs) that
are separated from each other by four intervals of relatively constant sequence (termed
frameworks or FRs) (Kabat et al. 1991). CDR’s 1 and 2 and FR 1,2 and 3 are
encoded entirely by the V region segment, FR4 by the J and CDR3 is the product of
V(D)J joining. The framework regions which consist of relatively conserved amino
acid sequences make up the framework structure of the antibody and contribute to
shape and stability. The complementarity determining regions in which the amino acid
sequences vary enormously from one immunoglobulin to another interact to form the
antigen contact area.

The genes for heavy, x and A chains are located on separate chromosomes, 12,
6 and 16 in the mouse, 14, 2 and 22 in man. Although the VH locus is located on
chromosome 14q32.3, several orphon VH genes and two orphon DH genes were
assigned to chromosome 15 and 16 (Tomlinson et al. 1994). Recently two orphons

HC16-15 and HC16-16 have appeared to be to accessible for recombination and have
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been isolated from fetal liver as germline transcripts (Cuisinier et al. 1993) Thus, the
potential exists for variable genes located on chromosomes other than the established V
gene clusters (on chromosome 14) contributing to the generation of immunoglobulin

molecules.

D) HEAVY CHAIN ORGANISATION

a) V-(D)-JH RECOMBINATION

There are conserved sequence motifs which flank all the variable
immunoglobulin genes known to recombine. The consensus of a recombination signal
sequence consists of a dyad-symmetric heptamer sequence directly adjacent to the
coding element and an A/T rich nonamer separated from a heptamer by a spacer region
of nonconserved nucleotides (Tonegawa 1983). There are two types of recombination
signal sequence which are defined by the length of the spacer. These are either 12(+/-)
or 23(+/-) nucleotides long and efficient joining requires one recombination signal
sequence of both types e.g all gene segments of the same kind have the same
configuration of recombination signal sequences and joining partners have the opposite
type of signal sequence.

The first gene rearrangement during B cell development is heavy chain D to JH
rearrangement which usually occurs on both heavy chain gene alleles (Schatz et al.
1992) . Precursor B cells then undergo VH to DJH rearrangement on one or both
alleles generating potentially functional VDJH heavy chain genes. During
rearrangement the intervening DNA is deleted. VH to D rearrangement were first
thought not to occur on alleles that have not first undergone D to JH rearrangement.
(Alt et al. 1984, Schissel etal. 1991). However, VH-DH and DH-JH joints were
found in a human B cell line and it was proposed that a VH-DH product may
recombine with either a DH-JH or with a JH gene segment to give rise to a functional
rearrangement (Shin ez al. 1993).

The next rearrangement is light chain Vx to Jx. The Ig x locus rearrangements
occasionally precede productive heavy chain gene rearrangement in normal human bone
marrow (Kubagawa et al. 1989). A fraction of B cells, often ones that have deleted

one or both of their x loci then go on to rearrange some of their A light chain alleles.
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(Selsing et al. 1989).

The end product of this developmental lineage is a mature B cell with a unique
antigen receptor complex consisting of IgM and several accessory proteins on its cell
surface (Reth etal. 1991). The observation that in a given B cell only a single heavy

and light chain proteins are expressed on the cell surface is termed allelic exclusion
(Pernis et al. 1965).

b) THE VH GENE LOCUS

The first immunoglobulin heavy chains were sequenced at the protein level in
1969 and 1970 (Edelman et al. 1969, Cunningham et al. 1969, Winkler et al. 1969).
When these sequences were compared it became apparent that they could be arranged
into V region subgroups. The first sequenced protein (Eu) became the prototypic
member of the VH1 subgroup and proteins Ou, He, Daw, and Cor were related to each
other but not to the Eu sequence and thus were designated the VHII group. Later, the
proteins Tie, Was, Jon, Zap, Tur, Nie, and Gal were sequenced and formed the VHIII
subgroup.

In the early 1980s the first nucleotide sequences of human immunoglobulin
variable regions became available, and these sequences corresponded to the protein
sequences of VHI, VHII, or VHIIL. On the basis of amino acid sequence analysis, it
was initially thought that human heavy chain variable regions fell into three groups of
molecules (Rechavi et al. 1983). There is no universally accepted definition of a VH
gene family, however molecular biological techniques have allowed a method of
definition, that is, VH segments that cross-hybridize by Southern filter hybrization

under standard conditions (0.1X saturated sodium citrate, 0.1% sodium dodecyl
sulphate, 65°C) are members of the same VH gene family. In practical terms this

implies that 80% nucleotide sequence identity places two genes within the same family
and less than 70% nucleotide homology classifies the genes within separate families.
The functional VH segments are located on chromosome 14q32.3 (Tonegawa 1983,
McBride et al. 1982). VH segments with an open reading frame have been located on
chromosome 15 and 16 ( Cherif et al. 1990, Matsuda et al. 1990, Tomlinson et al.
1994 ).

The VH region genes have been grouped into families on the basis of
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nucleotide sequence. Seven human VH families have been described (Tomlinson et al.
1992, Willems van Dijk ez al. 1993). The number of unique VH elements within each
family were initially estimated by Southern blotting digested human DNA (Kodaira et
al. 1986, Lee et al. 1987, Berman et al. 1988). The largest of these is the VH3 family
with approximately 48 family members, 20 of these being pseudogenes (Cook et al.
1994). and the smallest being VH6 with only one member (Berman et al. 1988).
Unlike the mouse, members of the different human VH families are interspersed
throughout the locus (Kodaira et al. 1986, Berman et al. 1988). It is not clear if the
extensive intermingling is a raridom affect of evolution or if it offers some selective
advantage.

The single VH6 member family has been identified as the most JH proximal in
the human locus. Upstream from this are members of the VHS family which have
been found to be intermingled. The VH4 gene families seem relatively interspersed as
well. This situation is unlike that of the mouse where a more ordered VH family
grouping occurs. Walter et al. (1990) have used a two dimensional mapping procedure
to assign VH containing restriction fragments to a region 1,100 kilobases upstream
from the JH segments. Overlapping yeast artificial chromosomes (YACs) and cosmids
have been utilised to generate a map of a region 800 kb upstream of the JH segments
(Shin et al. 1991, Matsuda et al. 1993) Within this region there is a 50 kb insertion
polymorphism which contains an additional five VH segments (Walter ez al. 1993). A
total of 50 functional VH segments can be accounted for within these maps including
an equivalent number of pseudogenes (Tomlinson et al. 1992, Matsuda et al. 1993).
The map of the VH locus was recently completed by Cook et al. (1994) and the
estimated number of VH gene segments on the composite map are described in Table
1.2. The map of the VH locus contains 87 VH segments of which 46 are functional
(Cook et al. 1994). The mapped segments have been compared with a database of
human immunoglobulin germline VH segments (Tomlinson et al. 1992) and nearly all
the functional segments are accounted for thus giving evidence for the completeness of

this map.



Table 1.2

Number of VH families

VH2

VH4
VHS
VH6
VH7

. Total

VH1

" VH3 .

Segments with open reading frames

Seen as VDJ Not seen as VDJ Pseudogenes Not sequenced Total

8 1 4 1 14
3 0 1 0 4
22 4 20 2 48
10 0 1 1 12
1 1 0 0 2
1 0 0 0 1
1 1 3 1 6
46 7 29 5 87

- Adapted from Cook et al 1994

30
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¢) THE VH1 FAMILY

The first VH1 family member was first described in 1969 (Edelman et al.
1969). In 1980 the first nucleotide sequence of an immunoglobulin human VH gene
was shown to be homologous to the VH1 Eu protein and thus the VH1 family was
identified. At present there are thought to be fourteen VH1 members, four of which are
pseudogenes (Cook et al. 1994). The VHI family is much smaller than was first
thought and is now the third largest human VH gene family.

d) THE VH2 FAMILY

The first VH2 family member was also first described at the protein level
(Winkler et al. 1969). The first gene reported in this family at the nucleotide level is
referred to as VCE-1 and was isolated from a rearranged gene in a B cell tumour
(Takahashi et al. 1982, 1984). The VH2 family is estimated to contain four members
including one pseudogene and is now considered to be one of the smaller human VH

gene families. (Cook et al. 1994)

e) THE VH3 FAMILY

The first VH3 family member was the Nie protein sequenced in the Hilshmann
laboratory (Cunningham ez al. 1969). At the present time the VH3 family is thought to
be the biggest VH gene family containing forty-eight members twenty of which are

pseudogenes. (Cook et al. 1994).

f) THE VH4 FAMILY

The VH4 family was defined by Lee et al. (1987) from two nucleotide
sequences first described by Kodaira et al. (1986). At present VH4 is thought to
consist of twelve members including one pseudogene. (Cook et al. 1994). In terms of
functional members, VH4 is considered to be the second largest human VH gene
family.

g) THE VH5 FAMILY
The VHS family was first described in studies of the rearranged gene of patients
with chronic lymphocytic leukemia (Shen et al. 1987). The VHS family showed only

distant homology with the four other VH gene families and on Southern filter
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hybrization the VHV probe detected two to four fragments. Two VHS5 genes have been
described (Cook et al. 1994).

h) THE VH6 FAMIL

The VH6 gene was first described simultaneously by three different laboratories
(Buluwela and Rabbitts 1988, Berman et al. 1988, Schroeder et al. 1987). Sanz et al.
(1989b) described several additional VH6 gene sequences. When all these sequences
were published it was apparent that they were all identical which emphasises the
conservation of this gene. Buluwela and Rabbitts (1988) observed that VH6 was the
most V proximal gene segment and several laboratories have confirmed this (Schroeder
etal. 1988). This is of great interest as in the murine system it has been shown that the
proximity to D and J is critical to the expression of the immunoglobulin repertoire.
Meek et al. (1991) described the structures of the VH6 gene in a number of higher
primates and found that there was no sequence variation between these species whereas
in humans there was less than 2% nucleotide sequence variation. Therefore there is
very little variation in sequence or position between species and shows remarkable
conservation. To date only one member of the VH6 family has been isolated (Cook et
al. 1994).

i) THE VH7 FAMILY
The VH7 family was first recognised in a cDNA library generated from

neonatal cord mononuclear cells (Mortari et al. 1992). Three independently derived
clones shared more than 90% homology but had only 78-82% identity with the VH1
family. These findings justified the creation of the VH7 gene family. At present there
are thought to be six members in the VH7 family, although only one of these has been
seen in a VDJH rearrangement (Cook et al. 1994). Three of the members are believed

to be pseudogenes (Cook et al. 1994).

j) DREGION GENES
The term D segment was first proposed by Schilling ez al. (1980) to highlight
the “diversity” found in the heavy chain of anti-a-1.3 dextran antibodies from position

+99 to the beginning of the JH segment spanning the third complementarity region
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(CDR3). (Kehoe and Capra 1971). CDR3 has a crucial role in determining antigen
specificity. D gene segments contribute to heavy chain diversity in a number of ways
such as generating unique amino acid residues at the V-D and D-J junctions during the
process of rearrangement, undergoing somatic mutation and/or gene conversion, and
through nonconventional mechanisms such as D-D recombinations.

The human D gene segments are located in chromosome band 14q32. (Cox et
al. 1982, Kirsch et al. 1982). Siebenlist et al. (1981) identified a human D gene family
DLR whose members were encoded at regular intervals of 9 kb along a 33 kb stretch.
A unique D segment (which is the human equivalent of the mouse DQS52) was
described within the JH locus by Ravetch et al. (1981). This D segment was mapped
25 nucleotides upstream of the JH1 nonamer sequence. Mapping analysis located a
major D locus between VH and JH flanked by DLR4 and the DQ52 gene segments 5’
and 3’ respectively (Siebenlist ez al. 1981, Buluwela et al. 1988b). There is a 20 kb
separation between the DLR4 gene segment and the closest VH gene (the single
member of the VH6 family) (Sato et al. 1988) implying that the major D locus spans
around 70kb. Several D segments have been found to be interspersed with the VH
segments (Zong et al. 1988, Bulwela et al. 1988b, Matsuda ez al. 1988).

The D gene segments have been classified into families based on nucleotide
homology. Ichihara et al. (1988a.b) sequenced a 15 kb DNA fragment corresponding
to 1-1/2 of the 9 kb repeating units previously described Siebenlist ez al. (1981). Each
unit contained members of six different families; DXP, DA, DK, DN, DM, and DLR.
Sonntag et al. (1989) reported the sequence of a D gene segment from a D-JH
rearrangement that shared 60% homology with the mouse DFL16 family. The
rearrangement containing the DFL16 gene segment was used to probe Southern blots
of human genomic DNA. The results suggested the presence of related genes in the
germline. Including DQS52, a family with one member only, there are approximately

eight D region gene families.

k) NON-CONVENTIONAL REARRANGEMENT ENERATED BY
SEGMENTS

In germline configuration the D gene segments are sandwiched by
recombination signal sequences that consist of a heptamer/12bp spacer/nonamer

(Sakano etal. 1980,1981). Heptamer sequences are conserved except in DM2 and
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DA1 gene segments, whereas nonamers diverge in general from the consensus
sequence. The DIR gene segments (termed DIR due to the presence of their irregular
recombination signals) were reported to be surrounded by multiple heptamer/nonamer
like sequences as well as spacers of different lengths (Ichihara er al. 1988a,b). The
availability of 12 and 23 bp spacers flanking both ends of the coding segment
sequences suggests that the DIR segments might be a substrate for D-D recombination.
It has been postulated that up to 12% of human CDR3 sequences are best explained by
the participation of DIR sequences (Sanz 1991). A minimum of five DIR genes exist in
the human genome (Sanz et al. 1994). DIR- like sequences can be found in non human
primates with remarkable conservation but do not appear to occur in other species such
as mice (Sanz et al. 1994) This suggests that DIR genes either arose from exogenous
sources or sequential rearrangement of endogenous sequences.

Exonucleases and terminal deoxynucleotidyl transferase (TdT) “chew” and fill
in, respectively the coding ends of D and JH gene segments, generating unique amino
acid residues at this junction. The same process occurs at the V-D joint except the 3’
coding end of the VH gene segment is usually protected from exonuclease activity. The
mechanism of flexible recombination allows not only the deletion and or insertion of
nucleotides at the junctions but also the utilisation of the same D gene segment in
different reading frames.

It is difficult to assess the contribution somatic mutation makes to D region
diversity, although an example of this was reported by Pascual et al. (1990) where two
clonally related antibodies used the same DLR2 gene and the pattern observed
correlated well with the rate of mutations seen in the whole heavy chain variable region
. Examples of D-D fusions have been observed in both murine and human antibodies
(van der Heijden et al. 1990, Davidson et al. 1990). Meek et al. (1991) demonstrated
the presence of direct and inverted D-D fusions mediated by heptamer/nonamer signal
sequences or isolated heptamers in murine bone marrow. They also showed that
isolated D segments can rearrange to JH segments in either transcriptional orientation,

further increasing the potential diversity of the repertoire.

1) JH REGION GENES

The human JH locus is located between the major D cluster and the

immunoglobulin heavy chain constant region locus. It spans approximately 2.6 kb of
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DNA and contains six functional genes and three pseudogenes all in the same
transcriptional orientation. JH segments are flanked in their 3’ ends by a potential
RNA splice site and in their 5° ends by the heptamer/spacer/nonamer signal sequences
that are involved in the rearrangement with upstream D segments. The three JH
pseudogenes have an open reading frame in their coding regions, but they contain
abnormal splice sites and their heptamer sequences differ the most from the consensus
functional heptamer. The spacer between the heptamer and nonamer varies in length
from 20-25 nucleotides in all functional JH segments and pseudogenes and only in the
JH4 segments possess the conventional 23bp spacer length. Interestingly JH4 is the
single most expressed JH segment in the human repertoire.

JH gene segments rearrange to D gene segments through their respective
flanking signal sequences. This is the first event in the assembly of the
immunoglobulin heavy chain variable region and also the first source of diversity; in
the process of joining the D and JH joining regions exonuclease nibbling back and
filling in of the 3’ and 5’ ends respectively take place with the generation of new
amino acid residues that will be part of heavy chain CDR3 one of the regions critical for
antigen contact. Six function JH gene segments have been reported (Ravetch et al.
1981). The 5’ end of certain JH segments are prone to truncation such as JH4 and JH6
(Schroeder et al. 1987)

II) LIGHT CHAIN ORGANISATION
a) KAPPA CHAIN

The human Vx locus occurs on chromosome 2 and consists of a five Jx and
approximately 76 Vx genes, 32 of which are potentially functional. The Vx genes have
been divided up into seven gene families (Schable & Zachau 1993). Gene families 4,
5, and 7 consist of one germline gene each, Vx6 has three members (Lautner-Rieske et
al. 1992). The V1 is the largest gene family with seventeen potentially functional
members Vk2 and V«3 have nine and seven potentially functional members
respectively (Schable & Zachau 1993). Studies have shown that the V3 light chains
maybe used preferentially for IgM autoantibody synthesis (Ledford et al. 1983).
Kappa chains constitute seventy per cent of the light chains in human serum (Milstein
1965).
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b)L DA CHAIN

The VA genes are encoded on chromosome 22 in humans. Seven nonallelic
lambda constant region genes have been characterised (Hieter ez al. 1981). Unlike the
x locus each JA is associated with a unique lambda constant region (Bauer & Blomberg
1991). A classification of the protein sequences corresponding to the known VA genes
led to the definition of seven VA gene subgroups (Chuchana et al. 1994) Genes
defining two new subgroups VA8 and VA9 have been described by Winkler et al.
(1992) and Williams and Winter (1993) respectively. Based on the number of
hybridising bands on Southern blots, the number of VA segments is estimated as at
least twenty and nearer seventy (Anderson et al. 1985, Lai et al. 1989) with at least
twelve VA1 gene segments (Kabat et al. 1987), ten VA2 gene segments (Anderson et
al. 1984, Adderson etal. 1992). Williams et al. (1993) estimated that there are thirty-
six VA germline genes. However, the number of hybrising bands seen on Southern

blots indicates that there are a number of VA segments which have not been isolated.

1.4 B CELL REPERTOIRE

Immunoglobulin (Ig) genes are assembled and their products expressed by cells
of the B lymphoid lineage. The earliest identified precursor B cells (pre B cells ) are
found in the fetal liver or adult bone marrow (Levitt et al. 1980). These cells express
cytoplasmic p heavy chains but not A chains. The next stage in development is the
surface immunoglobulin positive B cell. Each B cell and all of its progeny expresses a
surface antigen receptor with a unique antigen binding specificity. This unique
specificity is maintained by the expression of only a single heavy and a single light
chain variable region gene by an individual cell. Thus unlike most other genes, Ig
genes are regulated by the principle of allelic exclusion. In a given B cell only one of
the two H chain alleles and only one of the several L chain alleles is expressed at the
cell surface as antibody receptor (Pernis et al. 1965). The clonality of a single B cell
and its progeny is believed to be an intrinsic requirement for the proper functioning of
an immune system based on antigen stimulated clonal expansion. Only after a B cell
expresses its surface immunoglobulin receptor is it susceptible to antigen stimulation.

When an antigen binds the surface receptor in association with appropriate
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costimulatory signals, it triggers clonal expansion and eventual differentiation of B cells
to the terminal stage of the B cell developmental pathway, the plasma cell. Plasma cells
secrete large amounts of antibodies possessing the initial antigen binding specificity and
allelic exclusion prevents the simultaneous production of large amounts of non-antigen-
selected antibodies by individual cells involved in such a response.

The initial response to antigen results in the production of low affinity
antibodies of the IgM isotype. To produce higher affinity antibodies expressing the
effecter functions of each of the classes and subclasses, B cells stimulated by antigen
and interacting with T lymphocytes undergo two additional molecular events; they
introduce random somatic mutations into the H and L chain V regions (Berek &
Milstein 1987, Kocks & Rajewsky 1989) and they rearrange the H chain V region
downstream so that it can be expressed with each of the other C region genes (Shimuzu
& Honjo 1984).

The detailed mechanisms responsible for V region somatic mutation are unclear.
The analysis of monoclonal antibodies derived from animals immunised with a variety
of foreign antigens reveals that somatic mutation is a relatively random process, is
restricted to the V region and its immediate flanking sequences, requires T cell factors,
begins after gene rearrangements, continues after class switching but probably ends
before the formation of the fully differentiated plasma cell (Shan et al. 1990, Manser
1990, Radac et al. 1991). There is evidence that suggests V region hypermutation
occurs not during the conversion of a B lymphocyte into a clone of antibody forming
plasma cells but rather during the genesis of memory B cells derived from virgin B
cells (Siekevitz et al. 1987, McHeyzer-Williams et al. 1991). This process is believed
to occur in the germinal centres (reviewed by Nossal 1992) »

The B cells take up antigen through their immunoglobulin receptor and process
and present it to T helper cells, resulting in the preferential stimulation and proliferation
of those B cells expressing the higher affinity receptors. If a mutation occurs that
results in an increase in affinity for antigen, the B cell expressing that higher affinity
antibody will presumably preferentially bind antigen, especially if that antigen is
present in limiting amounts as must occur late in the immune response to foreign
substances. B cells that have undergone mutations that result in a decreased affinity for
antigen or a loss of the ability to bind the eliciting antigen will not activate T cells and

will not be stimulated to proliferate. These low affinity B cells are diluted out by the B
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cells producing the higher affinity antibodies (Radac et al. 1991, Manser et al. 1987).
As somatic mutation occurs the B cell also rearranges its VDJ variable region down the
chromosome to bring it into proximity with the downstream constant region genes that
encode each of the IgG subclasses as well as Ce and Ca (Shimuzu & Honjo 1984).
The process of isotype switching occurs independently of V region mutation as IgM
antibodies can contain somatic mutations and IgG and IgA may have none (Kocks &
Rajewsky 1989). In general IgG antibodies of each subclass are likely to have
undergone significant somatic mutation.

Analysis of B cell differentiation has benefited from the availability of tumour
cell analogues representing the various stages of the developmental pathway. B cell
leukemias and lymphomas represent the surface Ig positive B cell stage, while
myelomas and plasmacytomas represent the mature Ig secreting stage. Comparison of
the configuration of Ig genes in such lymphoid tumour lines and in nonlymphoid cells
revealed that Ig variable region genes are somatically assembled. This comparison has
also elucidated some of the mechanisms involved in the rearrangement process of Ig
genes in B cells (Tonegawa 1983). However insight into the dynamics of Ig gene
rearrangement required investigation of the cell stages during which rearrangement
occurs. Direct studies of fetal liver allowed analysis of Ig gene expression in a
synchronously differentiating population of pre B cells (Levitt et al. 1980), whereas
analysis of bone marrow provided information concerning a steady state, renewable
population of pre B cells and more mature B cells (Coffman et al. 1983). Fusion of
fetal liver cells to myeloma cell lines resulted in the production of fetal liver hybridomas
which provide a model system to study the gene rearrangements of a pre B cell within
the phenotypic background of a myeloma (Maki et al. 1980). A remarkably accurate
and dynamic representation of Ig gene rearrangements was provided by investigators
utilising the Abelson murine leukemia virus (A-MuLV) transformed cell lines. The
most valuable aspect of these lines is their ability to proceed through
immunodifferentiative events when propagated in culture.

A-MuLYV is a replication defective retrovirus unique in its capacity to transform
immature B lymphoid cells in culture; transformation of fetal liver or adult bone
marrow cells yields permanent lines in which essentially all represent the pre B or
earlier stages of the B cell pathway (Alt &Baltimore et al. 1982).

Analyses of such lines have provided static models of these early stages of B
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cell development. More importantly however many of the A-MuLV transformants
undergo immunodifferentiative events when propagated in culture including the
assembly of H and/or L chain genes and H chain class switching events (Alt et al.
1981). Most apparently novel aspects of Ig gene rearrangement or expression
discovered in A-MuLV transformants have served to elucidate events later demonstrated

to occur in normal pre B cells in mice.

1.5 TOLERANCE AND REGULATION OF B LYMPHOCYTES

Several mechanisms have been proposed for the induction of self-tolerance in B
and T cells. Engagement of self-antigen may, under some circumstances, lead to cell
death, often called clonal deletion, or, for T cells in the thymus, negative selection.
Anergy refers to the state in which the autoreactive lymphocytes survive, but are
functionally inactive. Suppression is a mechanism in which the self-reactive
lymphocytes survive, and retain the ability to respond to antigen, but are held in check
by T suppressor cells or factors derived from them. Finally, many self components
may be hidden from the immune system. This can occur either because these molecules
are expressed only in so-called privileged sites such as the brain, which are not subject
to such intense immune surveillance; because they are only expressed in low levels; or
because they do not bind efficiently to major histocompatibility complex (MHC)
molecules. Binding of peptide fragments of antigens by an MHC molecule, and
subsequent presentation of this peptide-MHC complex to the T cell receptor is a
prerequisite for antigen specific T cell immune responsiveness. However
superantigens can bypass the necessity for specific interaction between T cell receptor
and MHC-peptide complex normally required for T cell activation, leading to a more
generalized non-specific T cell activation. The sequestration of self determinants is not
a mechanism of tolerance per se because the autoreactive lymphocytes for such antigens
are present and their reactivity is unhindered. The unmasking of hidden determinants,
however, maybe important for the pathogenesis of autoimmune disease.

The hypothesised mechanisms of immune tolerance were reviewed by Nossal
(1983). Immature lymphocytes in neonates, and in the bone marrow and the thymus of

the adult, are more susceptible to tolerance induction than mature cells. Although both
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B and T lymphocytes are susceptible to self-tolerance induction, tolerance in T cells can
be induced with lower doses of antigen and is longer lasting. Tolerance induced at the
T cell level is of importance because the activation of B cells requires T cell help.
Autoreactive B cells therefore might not be too injurious in the absence of this help.
Thus, the elevated levels of autoantibodies found in autoimmune disease may result
from a dysfunction within the T cell population which have not been tolerized
effectively.

Autoimmune disease could also arise if autoreactive T and B lymphocytes are
not clonally deleted in the thymus and bone marrow. Clonal deletion occurs via a
process called apoptosis or programmed cell death. Apoptosis is characterised by the
condensation of the cytoplasm, loss of plasma membrane microvilli and fragmentation
of chromosomal DNA into lengths of around 180bp (Raff 1992). Apoptosis is thought
to be the mechanism of T cell deletion in the thymus (Smith ez al. 1989) and is believed
to be involved in the maturation of antibody responses through the elimination of low
affinity antigen receptor bearing lymphocytes (Lui et al. 1989). Systemic lupus
erythematosus patients show a broad range of immunological abnormalities. These
include increased numbers of circulating activated B lymphocytes which produce large
amounts of immunoglobulin and an array of autoantibodies. The high numbers of B
cells in SLE may be due to abnormal longevity of B cells in these individuals.
Dysfunction in apoptosis the normal regulatory process governing the life span of T
and B cells in these patients could be responsible for this.

Two gene products appear to be responsible for the regulation of apoptosis.
The product of the Bcl-2 gene enhances cell survival (Graninger et al. 1987) and the
transmembrane glycoprotein product of the Fas gene promotes cell death.(Yonehara et
al. 1989, Trauth etal. 1989). The Fas antigen is not expressed on normal human
resting T cells nor on resting B cells but is present on activated T and B cells
(Miyawaka et al.1992).

Transgenic murine models have shown that the presence of an un regulated Bcl-
2 gene resulted in polyclonal expansion of B cells with a large excess of mature B cells
and plasma cells (McDonnel et al. 1989, Katsuma etal. 1991). Increased levels of Bcl-
2 mRNA have been reported in the peripheral blood lymphocytes from nineteen of
twenty-four SLE patients compared with healthy controls (Graninger 1992), however,

studies performed in the Bloomsbury Rheumatology Unit showed there were no
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significant differences in Bcl-2 expression between SLE patients, healthy controls and
patients with other autoimmune conditions (Rose et al. 1993).

The potential involvement of the Fas molecule in autoimmune disease was
highlighted by studies on the murine model of SLE, the MRL/lpr mouse (Murphy &
Roths 1979). The lymphoproliferative disorder in these mice is controlled by the
recessive autosomal gene designated jpr and is manifested in massive
lymphoproliferation which results in an autoimmune syndrome which resembles human
SLE (Cohen & Eisenberg 1991). It has been shown that mice that carry the
lymphoproliferative (lpr) disorder have defects in the Fas gene and therefore it has
been suggested that Ipr encodes the structural gene for the murine form of the Fas
antigen (Matsumoto et al.1991). There is no published data regarding Fas expression
in the peripheral blood lymphocytes of SLE patients.

There are many potential sites for dysregulation within the immuno-regulatory
mechanisms of patients with autoimmune disease. These defects could occur within the
T cell population which are responsible for controlling the B cells response. A fault in
clonal deletion/apoptosis could allow autoreactive B and T cells to escape tolerance.
Much of the work in this area has been performed on murine models and the relevance

of these findings to human autoimmune disease has yet to be confirmed.

1.6 NATURAL AUTOANTIBODIES

It is normally assumed that the main function of the immune system is to
distinguish between self and non self and we remain healthy because this is so.
However, it has become apparent that this distinction between self and foreign elements
is not absolute. A manifestation of the blurring of this distinction is the presence of the
so called “natural autoantibodies” which have been found in the sera of normal healthy
individuals. Natural autoantibodies are defined as polyreactive, low affinity antibodies
of the IgM isotype which are found at a low concentration in normal sera. Data has
revealed a high frequency of autoreactive cells in the normal preimmune and early
ontogenic pre-B cell repertoire (Glotz et al. 1988, McHeyzer-Williams et al. 1988). It
has been suggested that natural autoimmune responses originate during early B cell

development. These observations suggest that autoreactivity not only exists in normal
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animals but also represents an integral part of early B cell ontogeny and may be
required for the development of the mature immune system.

Some of these ‘natural autoantibodies’ are directed against easily accessible self
constituents such as soluble plasma proteins, hormones, surface components of
senescent red blood cells, fetal cells and tumour cells. Others have been found to react
with more concealed self antigens including cytoskeletal and nuclear antigens or cryptic
membrane epitopes exposed after proteolytic treatment.

Studies of natural autoantibodies in mice indicate that few are monospecific, the
vast majority being polyreactive, furthermore, individual murine monoclonals have
been shown to react with fairly dissimilar autoantigens including DNA, myosin,
thyroglobulin and spectrin.

These observations have led to a focussing of interest on human natural
autoantibodies and their possible involvement in autoimmune disease. Natural
autoantibodies have antigen specificities strikingly similar to autoantibodies found in
patients with autoimmune disease. However, natural autoantibodies are frequently of
the IgM isotype and bind with low affinity to autoantigens, whereas circulating
autoantibodies associated with disease are usually higher affinity IgG antibodies.
Some experiments have pointed to the pathogenic potential of these natural
autoantibodies but the role of these antibodies remains uncertain. Some natural
autoantibodies also crossreact with foreign antigens early in ontogeny, and could be
starting points for the maturation of the immune system. The situation in the normal
adult differs dramatically as, once an individual has been exposed to foreign antigen
autoreactive clones are overtaken by those reactive with foreign antigen. Natural
autoantibodies continue to be expressed at a low level in normal healthy adults. A
correlation has been found between the level of autoantibodies in the fetal state and the
phenotypes of cells present at this time. A subpopulation of B cells which express the
T cell marker CDS have been found to be elevated in the fetal state and in some

autoimmune diseases.
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1.7 AUTOANTIBODIES IN SLE; NATURE AND_SIGNIFICANCE,

It is now over thirty years since the discovery of anti-nuclear and anti-DNA
antibodies in sera from lupus patients. Since these milestone observations numerous
diverse autoantibodies have been described including those with specificity for different
forms of DNA, RNA, histones and synthetic nucleotides. Friou and colleagues (Friou
1957, Friou 1958, Friou et al. 1958) described and partially characterised the
phenomenon by which sera from patients with SLE would bind to nuclear antigens in
fresh frozen tissue. Using fluorochrome labelled antisera it was shown that the
component binding to the nucleus was identified as antibody from the serum of the
patient. This finding suggested that an autoimmune pathology was underlying the
disease and heralded a new era of research in SLE and today. Screening for anti-
nuclear antibodies (ANA) is an important in the diagnosis of lupus.

Over 95% of SLE patients have a positive ANA test when standard
immunofluorescent methods are used. A low proportion of lupus patients while
satisfying four or more of the revised American Rheumatism Association (ARA)
criteria for the classification of the disease (Tan et al. 1982) remain consistently ANA
negative. On close examination most of these individuals invariably have antibodies to
SS-A (Ro), SS-B( La) or ssDNA and these patients are less likely to have renal
disease (Maddison 1982, Reichlin 1982).

Hybridomas can be derived from humans with SLE or lupus-prone mice
without prior immunisation, and it is generally considered that autoantibodies produced
by such hybridomas are a reflection of autoantibodies by B cells prior to
immortalisation by hybridisation. The majority of monoclonal lupus antibodies that

have been studied thus far are directed against nucleic acids.

I) ANTI-DNA ANTIBODIES

Coincident with Friou’s observations on ANA were reports from other
laboratories in Europe and America showing antibodies in the sera of lupus patients that
would bind to DNA (Cepellini et al. 1957, Miescher and Straessle 1957, Robbins et
al. 1957). Since this time the dsDNA binding test has remained the single most
important laboratory test for the diagnosis of SLE as approximately 75% of patients

with the disease are seropositive. Some controversy exists regarding the degree of
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DNA binding and disease activity in lupus. Many physicians have observed that some
lupus patients with marked clinical activity have low DNA binding and vice versa.
Absence of antibodies to dsSDNA has also been associated with a milder form of lupus
(Ballou & Kushner 1982). Clinically apparent nephritis in particular was found to be
. less common although Raynaud’s phenomenon was found more frequently. It is also
noteworthy that anti-DNA levels at the initial evaluation of the disease seems to have no
prognostic significance (Adler et al. 1975, Ludvico et al. 1980).

The role of anti-DNA antibodies in pathogenesis of SLE is supported by the
fact that some anti-DNA antibodies participate in the formation of immune complexes
that give rise to inflammatory lesions characteristic of the disease. Perfusion
experiments in vitro and in vivo with anti-dsDNA antibodies (Raz et al. 1989, Tsao et
al. 1990) and the presence of such antibodies in diseased kidney of both human
(Koffler et al. 1967) and mouse (Lambert et al. 1968) have convinced most
investigators that these antibodies contribute to kidney damage. In addition, the
antibodies that appear in the circulation of patients and mice with lupus differ from
anti-DNA antibodies that can be found in non-autoimmune individuals in that they bind
dsDNAs with high affinity, are IgG, do not crossreact with a wide spectrum of
unrelated antigens and are often cationic in charge (Seigneurin ez al. 1988).

Lee et al. (1981) have demonstrated the influence which the base content and
sequence of a nucleotide chain can have on the binding capacity of nucleotide binding
antibodies. They produced six monoclonal autoantibodies from hybridomas derived
from NZB/W spleen cells and examined their reactivity with synthetic homo- and
heteropolymers of purines and pyrimidines. They found that the reactions of all six
antibodies were profoundly influenced by the base sequence of the antigen.

The nucleic acid binding specificities of monoclonal anti-DNA antibodies
derived from MRL/lpr mice (Andrzejewski et al. 1981) and from human patients with
SLE (Shoenfeld et al. 1983a) have also been examined. These studies suggested that a
single autoantibody can bind to multiple nucleic antigens of widely different base
composition. A possible explanation for the binding pattern of these autoantigen
binding monoclonals may be the composite nature of the binding site of the antibody
which allows it to recognise (with varying degrees of affinity) different epitopes
alternatively, various ligands possess cross-reacting epitopes as determined by similar

tertiary structure. The logical candidate for anti-DNA antibodies is a structure in the
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sugar-phosphate backbone that is common to all nucleic acids. An important feature of
the sugar-phosphate backbone is the presence of phosphate groups in the
phosphodiester linkage with carbon atoms of adjacent sugar molecules. It seems very
likely that these phosphate groups on the exterior of helical nucleic acids constitute an
important epitope for lupus antibodies. Moreover individual variations in binding
specificities among monoclonal anti-DNA antibodies may be reasonably accounted for
by structural differences in polynucleotide backbones that stem from variations in the
helical configuration and interphosphate distances.

Further analyses have shown that monoclonal lupus autoantibodies originally
selected for their ability to bind DNA can also bind to phospholipids including
cardiolipin (diphosphatidic acid). Phospholipids also contain phosphate groups in
diester linkage with carbon atoms, a feature that supports the identification of these
groups as the important epitope for the polyreactive monoclonal anti-DNA antibodies.
This view is further supported by the demonstration that absorption of such
autoantibodies with cardiolipin micelles inhibits their ability to produce the anti-nuclear
antibody reaction by indirect immunofluorescence. Moreover when injected into
rabbits and mice cardiolipin can stimulate the production of both anti-cardiolipin and
anti-DNA antibodies (Rauch et al. 1984). Hybridomas prepared from the cardiolipin
immunized mice produced monoclonal antibodies that bound not only to cardiolipin but
also to ssDNA and even to dsDNA.

DNA binding autoantibodies can bind to other molecules (and in some cases
more avidly than to DNA) it is evident that DNA is not necessarily the immunogen or
even the preferred target antigen in SLE. For example, Rauch et al. (1986) confirmed
earlier suggestions that anti-DNA antibodies may react as rheumatoid factors. These
authors described eight human hybridoma derived antibodies which bound to ssDNA
and the Fc portion of human IgG

As previously alluded to, there are other possible explanations for the
crossreactivity of antibodies. Lane and Koprowski (1982) have suggested that
different antigenic structures may bind partially to a common conformational
determinant on an antibody. The determinants could consist of two or more subunits
hence the antibody appears to be binding to more antigens than may have initially been
envisaged. In addition Faaber et al. (1984) have suggested that anti-DNA antibodies

are simply binding to structures with repeating negatively charged groups hence their
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binding to hyaluronic acid and chondroitin sulphate.

IT) ANTIBODIES TO RNA

Autoantibodies to RNA can be found in SLE with a higher incidence compared
to patients with other autoimmune diseases. They appear to have little clinical
significance in lupus although it has been suggested that they may be present as part of
an immune response to a virus (Schur & Monroe 1969). Blanco et al. (1991) assessed
the frequency of anti-RNA antibodies in 138 patients with SLE. Of the sera from these
patients 9.4% had anti-RNA antibodies but no distinguishing features, clinical,
serological or immunogenetic, between those with or without these antibodies could be
identified.

IIT) EXTRACTABLE NUCLEAR ANTIGEN

The extractable nuclear antigens (ENA) are proteins and ribonucleic acids which
may be divided into four main types:- ribonucleoprotein RNP, the ‘Smith antigen” Sm
both of which contain RNA and Ro and La. Using the sensitive counter-current
immunoelectrophoresis technique it has been estimated that up to 30% of lupus patients
have antibodies to Sm, although amongst Caucasians it is less than 10% (Worrall et al.
1993), while 30-50% react with RNP (Tan 1982). Antibodies to RNP alone appear to
identify a population of patients who have a low incidence of DNA binding and renal
disease. However if other autoantibodies accompany those to RNP particularly anti-
Sm, anti-Ro, and anti-DNA, nephritis may develop (Sharp et al. 1971, Reichlin &
Mattiolli 1972). The incidence of antibodies to SS-A (Ro) and SS-B (La) in lupus
patients has been estimated as 20-30% and 12% respectively (Tan 1982). Reichlin
(1982) noted that out of 66 patients who had clinical features consistent with the
diagnosis of SLE but who were ANA negative, 41 (62%) had antibodies to SS-A (Ro).
Clinically this group is associated with a low incidence of neuropsychiatric disorders
and renal disorders and renal disease but a high incidence of photosensitivity and malar

rash.

IV) RHEUMATOID FACTOR
Rheumatoid factor are antiglobulins generally of the IgM class and with

specificity for the Fc region of IgG with which they form immune complexes. These
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self associating IgG complexes play a significant role in the mediation of inflammatory
damage in rheumatoid arthritis. They have been found in up to 40% of sera from
patients with SLE (Estes & Christian 1971). The significance of these autoantibodies
which are present in SLE are in low titre is unknown, as they do not have an obvious

role in the pathology of the disease and have no relevance to prognosis.

V) ANTI-HISTONE ANTIBODIES

The histones are the best understood of the structural proteins in the eukaryotic
nucleus (Butler 1983, Chambon et al. 1989, Newport et al. 1987). It has been
estimated that the mass of histone present is approximately equal to the cellular DNA
content (Chambon et al. 1989). The histones are a small group of proteins with a high
content of positively charged amino acids such as lysine and arginine. They are found
in nuclear chromatin where they are arranged together with DNA to form a structure
known as the nucleosome.

On the basis of their primary structure five types of histones have been
identified. H1 is lysine rich and has the most interspecies amino acid sequence
variability. The high proportion of positively charged amino acids of these relatively
small proteins helps them bind tightly to DNA. Since these proteins rarely dissociate
from DNA they are believed to play an important role in control of gene expression and
cell division. H2A and H2B are the most lysine rich and moderately conserved
throughout evolution. They are responsible for coiling the DNA into nucleosomes.
H3 and H4 are arginine rich and are the most highly conserved of the histones. They
form a tetrameric complex of two molecules each of H3 and H4 at the interior of the
nucleosome core particle

Lupus patients can have antibodies directed against all classes of histones but
those against H1 and H2B are most commonly found (Costa & Monier 1986). Studies
on the clinical features and disease activity with histone antibody titres have been
inconsistent. The studies of Muller et al. (1990) observed a correlation of disease
activity with antibodies to the core histones but not to H1. Histone antibodies have
been reported in 67-100% of sera from patients with drug induced lupus. This is
usually a mild clinical condition characterised by the presence of antibodies to sSDNA

and histones, clinically it is easy to differentiate between drug induced lupus and SLE,
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since the former virtually never causes more than skin rashes and joint pains.

VI) ANTIPHOSPHOLIPID ANTIBODIES

It has become evident that anticardiolipin antibodies are a heterogeneous group
of autoantibodies with different characteristics (Harris et al. 1985). They are linked
clinically to thrombosis, recurrent abortion, livido reticularis and thrombocytopenia.
Only a minority of patients with anticardiolipin antibodies develop thrombotic
complications. Possible explanations for the differences between “innocent and
pathogenic” antibodies may be attributed to isotypic diversity as well as to differences
in binding specificities, avidities, idiotypes and associated genetic and environmental
factors. Most anticardiolipin antibodies also bind to other negatively charged
phospholipids such as phosphatidic acid, phosphatidylserine, or phosphatidylinositol
and a minority even bind to neutral phospholipids such as phosphatidylethanolamine.
This crossreactivity may be due to similarity in structure charge or configuration. The
precise epitope specificity of anti cardiolipin antibodies is unknown. It was thought
that the phosphodiester groups were the sites bound by these antibodies but removal of
the glyceride portion of the molecule also resulted in loss of the antigenicity. This
suggests that the glyceride moiety is essential for antibody binding probably helping the
orientation of the phosphodiester group into a configuration best bound by
anticardiolipin antibodies. It has also been demonstrated that some antiphospholipid
antibodies require serum co-factors such as beta-2-microglobulin in order to bind
phospholipids.

Studies with monoclonal anticardiolipin antibodies have shown considerable
conformational specificity with the ability to distinguish between lamellar and
hexagonal forms (Harris ez al. 1990). Some investigators have reported a positive test
for anticardiolipin antibodies in patients with high levels of anti-DNA antibodies. In
these cases inhibition studies with pure cardiolipin and DNA disclosed a partial
crossreactivity between the two groups of antibodies. It has been confirmed that
monoclonal antibodies with a high affinity for anticardiolipin have no reactivity with
DNA. Some low affinity anticardiolipins may also react with other antigens
(mitochrondria, endothelial cells) and exhibit a partial crossreactivity with the type M5
anti-mitochrondrial antibodies (Meroni et al. 1987) anti-endothelial cell antibodies

(Cervera et al. 1991, Vismara et al. 1988) or IgM rheumatoid factor (Agopiai et al.
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1988). It has been postulated that antiphospholipid antibodies may arise in response to
foreign antigens as cardiolipin itself has been shown to be a poor immunogen when
injected into experimental animals (Lafer et al. 1981). Raised levels of anticardiolipin
antibodies are frequently found in a number of infectious diseases, eg. spirochetal
infections such as Lyme disease (Mackworth-Young et al. 1988). However only on
rare occasions do these patients present with thrombotic complications.

The mechanism of action by which antiphospholipid antibodies cause
. antiphdspholipid syndrome is unknown, and it is still unclear whether these antibodies
are the prime cause of the clinical manifestations or are epiphenomena accompanying
more basic underlying immunological disturbances.

Since phospholipids are the main constituent of cell membranes and also play an
important role in the r'n—ajor' haemostatic pathways, most of the efforts to elucidate the
mechanisms of thrombosis in patients with antiphospholipid syndrome have focused
on the interactive effects these antibodies have with endothelial cells and platelet
function. There may be more than one mechanism causing thrombosis in patients with
- anti phospholipid syndrome and that these mechanisms vary from patient to patient.
(Khamashta et al. 1989).

VID) ANTI-NEUTROPHIL CYTOPLASMIC ANTIBODIES

Until recently, the diagnosis of systemic vasculitis has relied on clinical criteria.
The pfesence of anti-neutrophil cytoplasmic antibodies (ANCA) in a high proportion of
sera from these patients have proved to be of major diagnostic value. In extended
Wegener’s granﬁlomatosis (WG) for example, circulating ANCA are found in
approximately 90% of patients with active disease (Cohen et al. 1989) and in up to
60% of patients with other vasculitic syndromes (Jennette et al. 1990). They are not
simply the result of the release of neutrophil granule contents into the circulation as they
do not occur in other conditions in which sequestration and destruction of neutrophils
is widespread.

ANCA are detected by indirect immunofluorescence using ethanol fixed
neutrophils as substrate. Two staining patterns are seen: cytoplasmic (C(ANCA) and
perinuclear (PANCA). The majority of sera show a CANCA staining pattern, the
pattern most commonly associated with WG, and contain antibodies directed against

serine protease 3 (SP3) (Ludemann et al. 1990). Antibodies producing a pANCA
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staining pattern are found in a wide range of diseases. Similar staining patterns are
given by antibodies reacting with various neutrophil granule enzymes including
myeloperoxidase (MPQO), elastase and lactoferrin (Lesavre 1991). Antibodies reacting
with myeloperoxidase are most commonly associated with vasculitic syndromes
including idiopathic crescentic nephritis, Churg-Strauss, polyarteritis nodosa with
visceral involvement and hydralazine induced glomerulonephritis (Kallenberg 1992a).
ANCA are rarely found in SLE but up to 20% of patients with RA have antibodies to
MPO in their serum (Savige et al. 1991, Lassoued et al. 1991). Their presence has
been tentatively associated with systemic vasculitis. In a study of sera from 97 patients
with rheumatoid arthritis, 11 contained anti-MPO antibodies in whom their presence in
three patients was strongly associated with pulmonary fibrosis (Cambridge 1993).

The pathophysiology of the autoimmune response in vasculitis is unknown
although it is generally considered to reflect a T-cell mediated response to an as yet
unidentified target antigen in vessels or other organs (Kallenberg et al. 1992b).
However, the strong association of vasculitis with the presence of circulating ANCA
suggests that these autoantibodies may reflect an immune response related to the
induction of disease. There is a strong association between the development of
vasculitis and infection (DeRemee 1988, Schmitt et al. 1991). It has been suggested
that ANCA may be induced as the result of ‘molecular mimicry’ between granule
enzymes and exogenous agents with a subsequent antigen driven response resulting
from the release of granule components from activated neutrophils at sites of tissue
injury (Kallenberg et al. 1992b, Baltaro et al. 1991).

The high frequency of ANCA in vasculitic sera and the observation that ANCA
titres correlate with disease activity (Egner & Chapel 1990, Cohen Tervaert ez al. 1990)
has suggested that these autoantibodies may play a pathogenetic role. In vitro, ANCA
have been shown to activate neutrophils to degranulate and produce a respiratory burst
which can damage endothelial cells (Charles et al. 1991, Ewert et al. 1992). Some
ANCA have also been shown to interfere with extracellular granule enzyme activity
(Dolman 1991).

Due to the probable diversity of antigens and epitopes recognised by anti-
neutrophil antibodies in human sera (Cambridge et al. 1991), detailed analysis of
possible pathogenic antibodies has not been possible. Human monoclonal antibody

production using hybridoma technology is essential to dissect further the role of these
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antibodies in the disease process and to analyse the fine specificity and origins of

antibodies present in patients.

1.8 THE IDIOTYPE NETWORK

Antibodies are conventionally distinguished by the antigens with which they
bind. Another way of distinguishing antibodies serologically involves an analysis of
their idiotypes. Immunoglobulin (Ig) idiotypes are essentially phenotypic markers of
the V genes used to encode Ig molecules either as soluble antibody molecules or as
lymphocyte receptors. They represent novel antigenic determinants and are recognised
in turn by anti-idiotypic antibodies.

The concept of an immune system evolving to recognise self antigens rather
than (or in addition to) foreign antigens was formulated by Jerne (1974). Experimental
evidence for this was provided by Eichmann (1978) who established in mice that
foreign antigens initiate immune responses which interconnect via idiotypes on
lymphocytes and antibodies. There is increasing evidence that a similar idiotypic
network exists in man (Geha, 1984).

The contribution of the idiotype network to autoimmune disease remains the
subject of much research (Male 1986). Idiotypes are historically defined by anti-
idiotypic antibodies raised by immunizing allogeneic or xenogeneic animals with
purified antibodies or their fragments. Depending on the manner of preparation, the
anti-idiotypic antibodies may be polyclonal, that is a number of antibodies directed
against a group of idiotopes which collectively comprise an idiotype, or a single -
monoclonal antibody directed against a single idiotope. Idiotypes are thus serologically
defined determinants present on the Fab regions of immunoglobulins. They may
represent amino acid sequences located on the light (L) or heavy (H) chains alone or in
combination (conformational determinants).

Antibodies which react only with the immunizing immunoglobulin define
restricted or private idiotypes. Sharing of crossreactive idiotypes (CRI) between
antibodies of the same or different specificities from different individuals may reflect
common amino acid sequences within the framework regions or complementarity

determining regions. Occasionally anti-idiotypic antibodies define apparent cross-
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reactive idiotypes on antibodies throughout different species. The cross-reactivity of
anti-idiotypic reagents with different antibodies may not necessarily be due to
recognition of common amino acid sequences within their V regions which define the
idiotope. This may however reflect an interaction between the V regions at the level of
tertiary structure. In these cases the tertiary structure of the anti-idiotype might
resemble that of the antigen, and such anti-idiotypes are said to carry an “internal
image” of the antigen. A further type of anti-idiotypic antibody has been described
which reacts with both the idiotypic determinant on the antigen binding site of the
antibody and also with the antigen recognised by that antibody binding site. This
peculiar anti-idiotype has been called an epibody but has only been described rarely
(Bona et al. 1982; Chen et al. 1985).
The use of idiotypes as phenotypic markers of populations of antibodies has been a
valuable tool in studying auto-antibodies in autoimmune diseases. The reasons for this
are threefold;
1. To provide information about the genetic background of these disorders.
2. To provide information about the mechanisms of autoantibody involvement in
autoimmune conditions.
3. Anti-idiotypic antibodies which identify idiotypes of interest can be used to analyse
cellular interactions in these diseases, to examine the tissue distribution of the

idiotypes and to explore novel therapeutic intervention.

1.9 CROSS REACTIVE IDIOTYPES FOUND IN AUTOIMMUNE
DISEASE AND MALIGNANCY

Idiotypic cross reactivity represents one other well documented property shared
by both natural autoreactive and early preimmune precursor B cells (Hartman et al.
1989, Bona et al. 1988, Souroujon et al. 1988). Many CRI that have been identified
on human antibodies have also been found on paraproteins from patients with B lineage
malignancies (Kipps et al. 1988a, Kipps et al. 1988b). Sequence analyses have now
provided a structural explanation for such observations. For example, expression of
the cross reactive idiotype G6 on two recently sequenced CLL derived

immunoglobulins (AND and NE1) and by the Kim 13.1 autoantibody can be attributed
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to their common utilisation of VH1 family represented by germline gene 51P1
(Siminovitch et al. 1990, Kipps et al. 1989, Mageed et al. 1986). Expression of
another RF associated CRI 17.109 on about 20% of IgM RF CLLs appears to reflect
their frequent use of the Humku 325 germline gene (Kipps et al. 1988). This gene
encodes many RF’s and several leprosy-derived polyreactive antibodies which bind
both IgG and DNA (Dersimonian et al. 1989). These data highlight genetic similarities
between autoantibodies and malignant B cell paraproteins and suggests that they
originate from the same set of precursor cells in early immune repertoire. CLL is a
malignant expansion of B cell subpopulation CD5+ B cells. These cells are found
predominantly in the fetal spleen and lymphoid tissue (Antin et al. 1986, Royston et
al. 1980). CLL immunoglobulins preferentially utilise the VH251 gene. This is a
germline gene which is part of the relatively small VHS gene family, a family which is
also associated with the early B cell repertoire (Chen 1989, Cuisinier et al. 1989). If
CLL immunoglobulins express a selected and conserved set of genes then the
malignancy might be amenable to therapy.

There is some similarity between the Kim 4.6 VA1 sequence and the T2/C5 and
4G12VA gene sequences. T2/CS is one of two almost identical VA sequences isolated
from two idiotype negative variants of a human B cell lymphoma line (Bernstein et al.
1989). In both these variant lines, loss of idiotypic expression correlated with a second
rearrangement of a previously excluded light chain allele. The 4G12VA gene encodes a
monoclonal antibody with broad reactivity against tumour cells and is thought to
recognise a novel tumour associated antigen (Kishimoto et al. 1989, Saito et al. 1988).
As these latter sequences are identical it appears likely that they represent a germline
VA 1gene distinct from but closely related to the Hum IV117 gene (germline) encoding
the Kim 4.6 light chain. This suggests a possible relationship between autoreactivity
and malignant transformation. A human IgG antibody reactive with cytomegalovirus
(EV1-15) appears to be encoded by somatically diversified variants of the autoantibody
related VH and VL genes 51P1 and Kv 325 respectively (Newkirk & Capra 1989).
These observations suggest that autoreactive V genes serve as precursors for antibodies
against exogenous antigens and natural autoreactivity is instrumental in the

development of normal immune responses.
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1.10 IDIOTYPES WHICH ARE ELEVATED IN SLE

A growing number of anti-DNA antibody associated idiotypes have been
described and summarised in recent reviews (Watts & Isenberg 1990). These have
been identified by monoclonal and polyclonal anti-idiotypic reagents raised against anti-
DNA antibodies of single and double strand specificity, either affinity purified from the
serum of SLE patiénts (Livneh et al. 1987a), eluted from nephritic kidneys of SLE
mice (Hahn & Ebling 1987), or generated as human or mouse monoclonal antibodies
produced by hybridomas derived from lymphocytes of SLE patients (Shoenfeld et al.
1983b, Hahn & Ebling 1984).

In order to identify those which may prove to be useful as specific markers for
disease the level and frequency of expression of anti-DNA associated idiotypes in SLE
patients has been compared to their frequency and level of expression in other disease
groups and healthy control populations.

Studies at the Bloomsbury Rheumatology Unit have focussed on the frequency
of expression of idiotypes carried by human monoclonal autoantibodies with binding
characteristics commonly found on autoantibodies in SLE patients, primarily the ability
to bind ss or dSDNA. This work has concentrated on a number of human monoclonal
antibodies generated and characterised within this department. The RT series of human
IgM monoclonal antibodies were derived from the splenocytes of an SLE patient
(Ravirajan et al. 1992), as was the WRI176 human IgM monoclonal (Blanco et al.
1994). The BEG2 human IgM monoclonal was derived from the human fetal liver
cells (Watts et al. 1990). The B3 and D5 IgG monoclonals were derived from
peripheral blood lymphocytes of an SLE patient with active disecase (Ehrenstein et al.
1993). Analysis of the autoantigen binding profiles of the antibodies showed that these
IgM and IgG monoclonal antibodies bound predominantly to DNA, although some
reactivity with other autoantigens and polynucleotides was also noted. It was
determined that the IgM antibodies exhibited a range of binding affinities for DNA, not
just low affinity (Ravirajan et al. 1992).

Polyclonal rabbit anti-idiotypic reagents raised against these monoclonal
antibodies identified determinants on the light chain for RT84 and B3, and on the heavy
chain for RT72, WRI176, BEG2, and the frequency of expression of these idiotypes in
the sera of SLE patients were as follows; RT84-19%, RT72- 12% WRI176-44%, B3-
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26% and BEG-2-9% (Kalsi et al. 1994, Ehrenstein et al. 1994, Blanco et al. 1994,
Watts et al. 1991).

Idiotypes originally identified on monoclonal antibodies with binding
specificities other than DNA have been shown to be present on anti-DNA antibodies
and found at elevated frequency in SLE patients. The 9G4 idiotope, originally
identified on cold agglutinin antibodies, has been found on anti-DNA antibodies and is
present in the sera of 45% of SLE patients (Isenberg et al 1993). This idiotope differs
from many of the previously described anti-DNA idiotypes in that its presence in
patients with autoimmune rheumatic disorders other than SLE is uncommon.

A comparative study of 19 anti-DNA associated idiotypes from 11 different
laboratories found that no single idiotype showed a strict correlation of expression and
association with disease or clinical activity, but rather individual idiotypes were present
in different affected individuals, and that individuals may possess a limited number of
idiotypes (Isenberg er al. 1990). It was however found in some SLE patients that the
level of idiotype expression did mirror disease activity, in some cases more closely than
anti-DNA antibody levels themselves (16/61d, 31Id, GN-11d, GN-2Id, Isenberg et al.
1991, and NE-11d, 0-811d Muryoi et al. 1988).

Recent studies have shown that levels of B3 Id carried on IgG antibodies
(derived from an IgG anti-dsDNA autoantibody) showed a correlation with disease
activity in some SLE patients more precisely when individual clinical features were
correlated with Id expression rather than a global clinical score (Ehrenstein et al. 1994).
The levels of antibodies which carry the 9G4 Id have also been shown to correlate well
with disease activity in SLE patients (Isenberg et al. 1993). It has also been shown by
affinity purification of anti-DNA antibodies from the serum of SLE patients that anti-
DNA associated idiotypes detected in these SLE patients are present predominantly on
anti-DNA antibodies (B3 Id Ehrenstein et al. 1994, 9G4 Id Williams - personal
communication). -

Thus some anti-DNA associated idiotypes may be more frequently detectable in
the sera of SLE patients with increased clinical activity and may identify autoantibodies
which are involved or clearly associated with pathogenesis.

Specific amino acid (AA) sequences have also been shown to be associated
with autoreactive antibodies, for example an idiotope designated 9G4 originally

identified on cold agglutinin antibodies known to be a marker for immunoglobulins
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which utilise the VH4.21 gene has been found on 2-20% of anti-ss and anti-dssSDNA

antibodies (Stevenson et al. 1993) and have been identified in 45% of sera from
patients with SLE (Isenberg et al. 1993) The 9G4Id, as defined by a rat monoclonal
anti-idiotype, has been found to ‘map’ to the FR1 region of antibodies encoded by the
VH4.21 gene. It has been shown by site directed mutagenesis studies that an amino
acid motif alanine-valine-tyrosine (AVY) in framework constitutes the 9G41d specificity
(Potter et al. 1993).

Isenberg and colleagues initially reported the presence of the 16/6 Id in SLE
patients, demonstrating that 54% of patients with active disease had raised serum levels
compared to 25% of patients with inactive disease (Isenberg et al. 1984). They also
also noted that the 16/6 Id was not disease specific being present in the serum of 25%
of rheumatoid arthritis patients compared with 4% of healthy controls. . Furthermore
the 16/6 Id+ antibodies have been found in the immune deposits in the renal and skin
lesions of the disease (Isenberg & Collins 1985b, Isenberg et al. 1985a).

N-terminal sequencing has shown that the 40 N-terminal residues of light
chains of human hybridoma derived monoclonal anti-DNA antibodies 1/17, 16/6 and
18/2 are identical and differ only by a single amino acid from the Waldenstrom
macroglobulin (WEA). Each of these bear 16/6 idiotype (Atkinson et al. 1985,
Naparstek et al. 1985). The variable regions of light and heavy chains of monoclonal
1/17 have been sequenced and the terminal 40 amino acids of the heavy chain are
identical to that predicted for VH26 a member of the VH3 family (Chen et al. 1988).
Given that the VH26 germline gene appears to encode the 16/6 Id positive anti-DNA
antibodies it is tempting to speculate that natural autoantibodies can be related to
pathogenic autoantibodies.

To determine whether these anti-DNA associated idiotypes contribute to
pathogenesis, their occurrence in immunoglobulin deposits at sites of antibody
mediated damage has been sought. One site at which antibody mediated damage occurs
is in the pathogenic skin lesions seen in SLE patients, where antibody and complex
deposition at the basement membrane of the skin initiates an inflammatory cascade with
consequent tissue damage. Anti-DNA associated Ids have been identified in skin
lesions of SLE patients in a number of studies such as 16/6 Id (Isenberg et al. 1985)
and 31 Id (Manheimer-Lory et al. Lory 1991).

However the site where antibody mediated damage leads to serious
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complications is the kidney, where nephritis and subsequent renal failure are a major
cause of mortality in SLE patients, thus a study of anti-DNA associated idiotypes
present in inflammatory deposits and their origins is of particular importance. It has
been found that some anti-DNA associated idiotypes expressed on a large proportion of
anti-dsDNA antibodies in SLE patient serum are detectable within immunoglobulin
deposits in the kidneys of SLE patients with glomerulonephritis, and it has been
suggested that antibodies carrying certain anti-DNA associated idiotypes may
preferentially deposit in the kidneys, leading to nephritis. (16/6; Isenberg et al. 1985b,
3I; Manheimer-Lory et al. 1991, 9G4; Isenberg et al. 1993, RT84, RT72; Kalsi et al.
1994, GN1, GN2; Hahn and Ebling 1987).

The charge carried by an antibody may influence its ability to form deposits in
the kidney. Studies have shown that anti-DNA antibodies which carry a cationic charge
may preferentially deposit on the negatively charged basement membrane in the
glomeruli contributing to glomerulonephritis, thus anti-idiotypic reagents recognising
idiotypes on this subset of anti-DNA antibodies may identify those which are
particularly pathogenic (Kallunian et al. 1989, Hahn et al. 1987, Gavalchin et al.
1987).

Analysis of idiotypes associated with cationic human anti-DNA antibodies have
focussed on three idiotypes designated 8.12, 31 and F4 reactive with LA, Lx, and H
chains respectively (Linveh et al. 1987b, Solomon et al. 1983, Davidson et al. 1989).
These anti-idiotypes were raised against affinity purified serum anti-dsDNA antibodies
from three SLE patients and shown to bind preferentially to cationic anti-dsDNA
antibodies. Neither 8.12 nor 3I recognise binding site related idiotypes but bind to
variable region framework determinants.

The 8.12 idiotype has been detected at elevated levels in serum from 50% of
patients with SLE and is present on antibodies in glomerular deposits. As the 8.12Id
has been identified on both IgM and IgG isotype anti-DNA antibodies and may not be
exclusively expressed by pathogenic autoantibodies (Linveh ez al. 1987b).

Antibodies bearing the 31 idiotype have been detected in serum from 75% of
SLE patients and may comprise 40-90% of the anti-DNA antibody levels. In addition,
elevated levels of 31 Id positive antibodies have been shown to correlate with elevated
levels of anti-DNA antibodies (Solomon et al. 1983, Davidson et al. 1986). However

high levels of 31 idiotype positive antibodies have also been found in SLE patients in
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remission and it was postulated that these 31 idiotype positive anti-DNA antibodies may
be present bound in immune complexes, not detectable by standard methods of
assessing DNA reactivity and were only detectable after affinity purification of 3I Id
positive antibodies using techniques which dissociate immune complexes.

However recent studies by Manheimer-Lory et al. (1991) have shown that the
charge and specificity of antibodies which carry the 3I Id (a light chain framework
encoded idiotype) can be markedly influenced by the heavy chain with which it is
expressed. In this study antibody secreting Epstein-Barr Virus (EBV) transformed B
cell lines from lymphocytes of SLE patients and a patient with multiple myeloma were
established. Those which secreted 3I id antibody were analysed for variable region
gene utilisation whilst the specificity of the secreted antibodies was studied. It was
found that single monoclonal antibodies whilst carrying the 31 id could be DNA
binding or non-DNA binding, and could carry a cationic or neutral charge. The
determining factor for charge or specificity of 31 Id positive antibodies was the heavy
chain co-expressed with the 31 Id light chain. These observations imply that the
expression of anti-DNA antibodies in SLE patients could result from the preferential
association of certain L and H chains.

The F4 anti-idiotype identifies an idiotype on heavy chains of cationic anti-
dsDNA antibodies. F4 reactive antibodies are almost exclusively IgG and found in the
serum of 60% of SLE patients and are detectable in glomerular deposits (Davidson et
al. 1986). As the F4 idiotype is almost exclusively found on IgG antibodies, it is likely
to be derived from a somatically mutated germline gene which has arisen during the
secondary immune response.

Whilst the 31 Id and F41d can be detected on separate antibodies, they can also
be found expressed together on the same antibody where a 3I expressing light chain
and an F4 expressing heavy chain form a single antibody. In such cases
immunoglobulins expressing both 3I and F4 are cationic whether or not they are
isolated from an SLE patient. However, only those 3I/F4 Id antibodies derived from
SLE patients display dsDNA binding activity.

Northern blot analysis of a 31 reactive cell line has shown 22/26 clonal lines use
the Vk1 gene family to encode 31 light chain sequence and that only two V«1 genes are
used. The high frequency of autoreactive IgM antibodies from EBV lines of SLE
patients might reflect Ig gene polymorphisms that lead to germline encoded DNA
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binding. If such polymorphisms were specifically associated with SLE, they would
constitute a genetic basis for the familial predisposition to SLE (Brodeur et al. 1984).
F4 reactive B cell lines producing IgG, often use VH3 and VH4 to encode their heavy
chains.

The 2A4/EBV transformed B cell line expresses both 31 and F4 idiotypes and
possesses high affinity anti-dsDNA binding activity (Davidson et al. 1989). The kappa
chain of the 2A4 antibody is encoded by a member of the Vx1 gene family. The most
homologous Vx1 germline sequence differs significantly from the 2A4 light chain
sequence. The F4 reactive heavy chain of 2A4 is encoded by a VH4 gene whose
sequence has already been reported (Davidson et al. 1989, Lee et al. 1987). The
closest reported VH4 germline sequence differs by only 24 base pairs. (Sanz et al.
1989c, Lee et al. 1987, Berman et al. 1988). Some somatic mutation has occurred in
2A4 in the CDR2 region. Of the 24 presumed somatic mutations in the heavy chain
variable region gene, 14 code for amino acid substitutions and 10 are silent (Davidson
et al. 1989). Nine of the presumed changes are in the CDR regions and all nine are
replacement mutations. This suggests antigen driven somatic mutation may have taken
place as these replacement mutations occur in CDR regions which contribute to form
the antigen binding site. Two of these mutations which occur in CDRs introduce
positive charges which are believed to be important in binding to negatively charged
DNA. Therefore it appears that somatic mutation plays a role in creating high affinity
anti-DNA activity. This is likely to make the antibody more pathogenic (Sharon et al.
1989, Kocks er al. 1988). The light chain has homology with WEA, GAl, HAU,
HK101 and DEE (Lampman et al. 1989). Sequencing of N terminal amino acid
sequencing of four H chains from myeloma proteins highly reactive with F4 revealed
that three were encoded by VH3 and one VH2. The F4 idiotype activity is associated
with more than one gene family.

It is not yet clear if antigen stimulates the autoantibody response in SLE, but it
is possible that environmental antigens and even autoantigens other than DNA could
elicit the production of anti-DNA antibodies. In susceptible individuals this might
occur in one of three ways:- An autoantibody might arise with a specificity such that it
cross reacts with both self and foreign antigens (Male et al. 1988, Monestier et al.
1987, Carroll et al. 1985). Altefnatively, regulation within the idiotypic network might

induce expression of ‘homologous members’ of an idiotypic family that bind to self
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rather than foreign antigens (Male et al. 1986, Rajewsky et al. 1983, Williams et al.

1988) or it could be that protective antibodies became autoreactive via somatic

mutation.

1.11 Y GENE USAGE IN AUTOIMMUNE DISEASE AND THE FETUS

One of the hallmarks of the murine B cell repertoire during ontogeny is its
limited heterogeneity matched by the production of low affinity poly reactive
autoantibodies of the IgM isotype (Perlmutter et al. 1985, Yancopoulos et al. 1984). B
cells in the developing human fetus express a restricted antibody repertoire
( Schroeder et al. 1987, Hillson et al. 1989).

JH proximal VH genes are major constituents of immunoglobulin heavy region
messenger RNA produced by B cell lineages from murine fetal liver. The frequency of
VH usage does not appear to be based upon the complexity of each VH gene family.
However, in the normal adult, utilisation of VH genes becomes randomised. It is
possible that the restricted usage of the VH segments could be due to the position of a
recombinase recognition sequence enhancing the ability of a particular VH sequence(s)
to interact with recombinase. It is difficult to distinguish the relative importance of
chromosomal position versus sequence specific elements or whether the sequences are
particularly chosen in the fetal state to play a vital role in the development of the
immune system eg. in moulding the idiotypic interactions.

An apparently biased usage of the small VHS family, in up to 30%, of patients
with chronic lymphocytic leukemia has been reported. Furthermore these are mainly
found in CD5* B cells. It is possible that CD5+ cells, high levels of which are found in
the fetus, have a biased repertoire. The germline gene preferentially expressed in CLL
is VH251, a member of the VHS family.

VH genes encoding autoantibodies have been described which are identical or
very similar to VH sequences found to be preferentially expressed in fetal repertoires,
for example, over-expression of a VH3 encoded anti-Sm autoantibody has been
demonstrated in two fetal liver samples. It is possible that potentially autoimmune
polyreactive VH genes are preferentially expressed in immature B cell repertoires to
establish a protective idiotypic network. However, in the autoimmune state a

perturbation of the network occurs as the result of defects in the normal developmental
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process of the repertoire and this results in the over-production of autoantibodies.

As mentioned previously, it appears that there is a preferential rearrangement of
3’ JH proximal VH genes in the murine and human fetal pre B cells. This phenomenon
is interesting as studies of autoimmune murine systems have shown a fetal like pattern
of VH gene usage (Bona 1988, Trepicchio et al. 1987a, Wysocki et al. 1985). It is for
this reason that there has been much interest in human natural fetal autoimmune
responses. This in turn implies that autoreactivity plays an important physiological role
in the developing immune system.

Monoclonal antibody BEG 2 is a dsSDNA binding IgM derived from a 12 week
old human fetus. Two binding site idiotypes were defined as BEG2 Ida light chain
associated and BEG2 Idp located on the heavy chain. This latter idiotype was located
on an EBV derived Mabs from human fetal liver or spleen (5%) human cord blood
(2.7%) and adult peripheral blood (1%) (Watts et al. 1991). The idiotype is also
present on 8.5% of adult derived hybridomas antibodies and 6% of RA synovium
derived antibodies. The BEG2 heavy chain was sequenced and was found to be
encoded by a member of the VH4 family joined by a JHS variant and a very short
diversity region. Of the BEG2 Idp positive monoclonals, five expressed VH4 and one
expressed VH6. Therefore BEG2 1d identifies a set of polyreactive antibodies that are
common in fetal life, persist into adult life and are encoded by a VH6 and a subset of
VH4 genes.

Sequence analysis of Ig heavy chains from human 130 day fetal liver showed
expression of a restricted set of VH genes. These were two VHI1 (51P1, 20P3), five
VH3 (56P1 30P1 38P1 60P2 and 20P1), one VH4 (58P2) and one VH6 (15P1) genes.
30P1 was found to be identical to VH26 (Barrett ez al. 1987, Mathyssen and Rabbitts
1980, Chen et al. 1988). In addition 20P1 is identical to the heavy chains of the
human-human hybridoma derived 4B4 anti-Sm antibody and the heavy chain of 51P1
is identical to those of two polyreactive autoantibodies L16 and ML1 (Sanz et al.
1989b, Dersimonian et al. 1987). Schroeder & Wang (1990b) constructed a cDNA
library from a 104 day old fetal liver and apart from the presence of two members of
the VH2 family and one member of the VHS family found a similar situation to that
found in the 130 day old fetus. Cuisinier et al. (1989) analysed Ig transcripts from a 7
week old fetal liver by dot blot hybridization using probes specific for the six human

VH gene families. Their results suggest that the VHS5 and VH6 families are first
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expressed at the time when Ig rearrangement begins in the fetal liver (Gathings et al.
1977). Berman & Alt (1990) studied by Northern blotting analysis, the hybridization
ratio of different VH probes to mu RNA from fetal liver 16-24 weeks gestation and
compared it to adult lymphoid tissue. They concluded that the most D-proximal VH
family VHG6 is over-represented in fetal liver as compared to adult tissue whereas the
expression of VH3 and VH4 is similar at both fetal and adult stages of development.
Logtenberg et al. (1989) analysed by Northern blotting analysis a total of 187
monoclonal IgM secreting EBV lines derived from human adult and fetal tissues. They
found a correlation between the frequency of VH family use with the complexity of
each family suggesting that the population of transformable B cells was randomised in
both repertoires. From a study of fetal cDNA 5 VH3 genes were found to contribute to
60% of the repertoire thus there may be a restriction within a limited set of the VH3
gene segments.

To explain the above, Coutinho et al. (1988) proposed a network model
whereby in a sterile fetal environment stimulation by autoantigens and/or idiotype -anti-
idiotype interactions, selectively expands those B cells expressing the autoreactive V
genes to form an initial functional network. However, with maturity and exposure to
exogenous antigen the self reactive B cell pool diminishes in size to about 20%,
interacting with the remaining 80% of non-autoimmune resting B cells that are not
connected with the network. With repeated exposure to non-self antigens, the non-
autoimmune resting B cells respond and, via somatic mutation and gene conversion,
produce classic high affinity antibodies.

Antigen selection cannot account for the programmed expression of certain V
genes. In humans the most proximal VH6 gene is frequently expressed and it may be
that the physical distance between the V and DJ loci can influence their expression
during early development. There appears to be evidence for the conservation of fetally
associated V genes with the outbred population. This suggests that there is
evolutionary pressure for preservation of these V genes, implying that autoreactivity

plays an important role physiological role in the developing immune system.
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1.12 VH GENE UTILISATION IN THE NATURAL ANTIBODY
RESPONSES

The occurrence of autoantibodies in apparently healthy individuals is well
established. Their physiological significance and relationship to disease associated
autoantibodies is not clear. It is possible that natural immune responses originate
during early B cell development. Natural autoantibodies can have immunochemical
specificities with a striking resemblance to those found in patients with autoimmune
disease (Souroujon et al. 1988).

The characterisation of human natural antibodies has allowed a number of
observations to be made. Most seem to be of the IgM isotype and bind antigen in a
polyreactive manner and each VH gene family is represented. Sanz et al. (1989b)
sequenced seven natural antibodies derived from EBV transformed CD5* B cells from
normals, they found that members of the VH4 family were expressed in three of them
implying some kind of restriction in VH gene usage. However no restriction appears
to occur in natural antibodies with anti-DNA specificity since members of five VH
families have been found to be expressed in this particular system; five express VH3,
five express VH4, two express VHI and one partial sequence expresses a VH2
segment. (Sanz et al. 1989b, Dersimonian et al. 1989, Cairns et al. 1989).

Finally there are several examples of natural autoantibodies using VH gene
segments that are related to the fetal repertoire and have 100% homology to their
germline gene of origin.

A human tonsillar derived natural autoantibody Kim13.1 has been studied. The
heavy chain variable region was found to be identical (except for one nucleotide ) to a
VHI1 gene 51P1. This gene is over-represented in the fetal repertoire (Schroeder et al.
1987). The Kim 13.1 Vx gene shows extensive similarity with a germline V3
sequence Vg which is identical to 38K a cDNA recently isolated from a 130 day fetal
liver (Siminovitch et al. 1990, Pech et al. 1984). It appears that both the heavy and the
light chain V genes expressed by Kim13.1 represent germline encoded genes belonging
to the selected set of V genes expressed early in ontogeny. A second tonsillar derived
natural autoantibody Kim4.6 differs by only one nucleotide from a fetally derived VH
gene FL2-2VH (Nickerson et al. 1989) and closely resembles a second fetal associated
VH3 gene 56P1 (Schroeder et al. 1987). It has also been reported that not only
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polyreactive antibodies but also those binding Sm, the Fc of IgG, dsDNA and
thyroglobulin are encoded by a restricted fetal VH gene repertoire (Sanz et al. 1989a,
Sanz et al. 1989b, Newkirk & Capra 1989) .These results suggest a fetal like
restriction of autoimmune responses and reinforce the notion that natural autoantibodies
reflect early B cell repertoire. This is also supported by the report from Logtenberg et
al. (1989) which shows a correlation between expression of auto reactivity and
utilisation of highly conserved JH proximal VH6 gene. Also unexpected was the
conservation of these genes among the human population, an example being the
relationship between two rearranged genes Humha 356 and fetal derived VH1.91II and
humhv 3005 which have been isolated from unrelated individuals and are 99% or more
related (Chen 1989). The VHI genes 51P1 halLR AND and NEI derived from
different individuals are also identical. This evidence suggests that there is some

evolutionary pressure at work for the conservation of sequences which encode natural

autoantibodies.
1.13 THE ROLE OF SOMATIC MUTATION IN THE GENERATION OF

AUTOANTIBODIES

In detailed studies of the immune response to foreign antigen, most of the initial
IgM antibodies have not undergone somatic mutation and have relatively low affinities.
Somatic mutation of germline sequences is required to generate high affinity binding to
the eliciting antigen. (French eral. 1989, Radac etal. 1991). The somatic mutations
that occur during the course of the anti-DNA response in autoimmune mice have been
analysed by comparing the ratio of replacement (R) to silent (S) mutations within the
CDRs that form the antigen binding sites with the R/S ratio in the framework regions.
This study has also been done on the response of antibodies to foreign antigen. If
mutations occur randomly then there would be 2.9 times as many replacement as silent
mutations (Shlomchik et al. 1987). A complilation of R/S ratios in the framework
regions reveals a ratio 1.5 which is evidence of negative selection for replacements
within frameworks which are responsible for the overall folding and assembly of the
antibody. R/S ratios of 3.0 or above are presumed to be evidence for positive selection

for mutation in the areas of the antibody that they are seen. Thus high R/S ratios within
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the CDR regions could suggest an antigen driven response. Distinctions between
germline encoded natural autoantibodies and disease related IgG antibodies have been
described for both RF and anti-DNA antibodies (Carson et al. 1987, Eilat et al. 1986,
Smeenk et al. 1988). However, Shefner et al. (1991) showed that non-autoimmune
strains of mice contain B cells that can produce germline encoded high affinity IgG
antibodies.

Some experiments point to the pathogenic potential of germline encoded antibodies
whereas others show that pathogenic autoantibodies in SLE arise from somatic
mutation with DNA as a selecting antigen (Shlomchik et al. 1987).

A lupus derived anti-DNA antibody 21/28 is encoded by a germline gene from
the VH1 gene family. VH21/28 was derived from a woman of Iranian decent and is
identical in nucleic acid sequence to 8E10, an anti-DNA antibody from a Thai patient
with lepromatous leprosy. This observation argues that these genes represent one
unmutated germline VH gene and shows evidence of conservation of this gene in the
population. The closest known sequence to 21/28 and 8E10 is VHI1 germline gene
1.92 which is 96% homologous.

Monoclonal IgM RFs have been examined in detail and the human autoantibody
associated kappa light chain V gene Hum Kv 325 (Chen 1990) was isolated. This
sequence has been found to be identical in four RFs and one antibody directed against
intermediate filaments. Analysis of further light chain V sequences revealed an
additional eight RFs and one anti-LDL antibody with little or no somatic mutation.
These clones were all isolated from different individuals. This provides further
evidence that autoantibodies can be encoded by inherited germline genes without
somatic mutation, their genes being conserved in the population and this Vx gene can
encode autoantibodies of different specificities. This gene has also been associated
with an antibody against cytomeglovirus and other foreign antigens.

A VH gene sequence VHS51P1, a member of the VH1 family, has been found to
partly encode a rheumatoid factor-associated cross reactive idiotype designated
G6,which was also present on two antibodies derived from patients with CLL. These
autoantibodies may therefore be considered identical or close to germline sequence
encoded (Newkirk et al. 1987, Mageed et al. 1986, Kipps et al. 1989).

The human IgM anti ss/dsDNA antibody NE-13 was derived from a patient
with SLE and carried the NE-1 Id which has been detected on glomeruli-deposited



66
anti-DNA antibodies ( Hirabayashi et al. 1993). The VH and Vx gene segments of
NE-13 were identical with the germline genes VH4.21 and Vb respectively. This
suggests that some IgM anti-DNA antibodies which express the NE-1 Id associated
with lupus nephritis use germline genes without mutation.

It has been proposed that some cells expressing the gene HumKv 325 may be
stimulated by autoantigens to proliferate constantly and that if these cells are continually
cycling they could be more susceptible to abnormal clonal expansion and malignant
transformation (Chen 1990). This theory would also apply to other autoreactive V
genes such as VH51P1 and VH26 which encode the 18/2 anti-DNA antibody, Ab255
an antithyroglobulin antibody and polyreactive autoantibodies Ab18 and Ab21 which
are also expressed by 10% B cell CLLs (Sanz et al. 1989b, Fong et al. 1985).

A substantial proportion of the VH genes expressed in autoantibodies thus far
studied show considerable homology or complete identity with germ line sequences.
Thus somatic mutation of VH genes is not obligatory for the generation of
autoantibodies, including specificities other than for DNA (Dersimonian et al. 1990).

There is evidence that IgG anti-DNA antibodies are associated with clinically
active lupus whereas IgM antibodies against denatured DNA can occur without any
disease. Class switch from IgM to IgG is associated with the diversification of
responding population of antibodies through somatic mutation of V genes. Results
obtained by sequencing a large number of mRNAs of MRL Ipr/lpr hybridomas provide
support for the role of somatic mutation in the development of IgG anti-DNA
antibodies (Shlomchik et al. 1990a). In these analyses clonally related hybridomas
from a single mouse defined a series of mutations towards the inclusion of arginine and
asparagine in the CDRs in association with increasing affinity for denatured DNA.
Winkler et al. (1992) produced six IgG monoclonal anti-DNA antibodies from three
patients with active SLE. The distribution of presumed somatic mutations in these
antibodies were analysed. A high replacement to silent mutation ratio was found in the
CDR regions of all six heavy and light chains. This non-random pattern of somatic
mutations is characteristic for antigen driven immune responses with affinity maturation
(Berek et al. 1987).

In conclusion, it is clear that IgM autoantibodies can generated by V regions
that have close identity with germline genes. However, IgG anti-DNA antibodies, the

isotype thought to be most closely associated with pathogenesis in SLE, are somatically
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mutated and show evidence of an antigen driven mechanism.

1.14V_GENE USAGE IN AUTOANTIBODIES

I) ANTI-HISTONE ANTIBODIES

Anti-histone antibodies can be found in all the major immunoglobulin classes,
but there is little agreement as to the predominant isotype. Earlier studies have
indicated that some anti-DNA antibodies, a common serological feature of SLE, can
arise from unmutated germline genes, whereas some contain multiple somatic
mutations. Two reports of the nucleotide sequences of murine anti-histone antibodies
demonstrated that these antibodies were not clonally related and that diverse V, D and J
genes were represented (Monestier et al. 1993). Seven out of eight had VH segments
encoded by genes from the J558 family. This is of interest as the J558 family is
commonly used amongst autoantibodies of various specificities (Koffler et al. 1987,
Komisar et al. 1989). The secohd CDR of the heavy chain of MRA12 (the most acidic
and the strongest histone reactive antibody) included only two positively charged but
five negatively charged amino acid residues. This feature is unusual since the CDRs of
most of the VHIS558 genes are not comprised predominantly of acidic residues.

Two human IgM anti-H1 antibodies WRI170 and BEN27 have been analysed
(Tuaillon et al. 1994). The variable regions were found to use VH1-DN1-JH4/VA3-
JA2 and VH3-DIR2D21/9-JH1/VA2-JA2 gene segment combinations respectively. The
CDRs of these monoclonals contained several negatively charged amino acids and
striking similarities were found between the CDR2 regions of BEN27 and a murine
anti-H1 antibody MRA12. These data points to the potential importance of acidic

amino acid residues in binding to basic histone proteins.

1) ANTI-CARDIQLIPIN ANTIBODIES

The anti-cardiolipin antibodies from patients with SLE constitute a
heterogeneous population that may cross-react with other phospholipids and
polynucleotides (Rauch et al. 1984). Importantly, DNA/cardiolipin cross reactivity is
characteristic for autoantibodies eluted from the kidneys of patients with active lupus

nephritis and from lupus prone mice (Sabbaga et al. 1990, Pankewycz et al. 1987).
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An IgG anti-cardiolipin /ssDNA antibody R149, was isolated from a patient
with active SLE (van Es et al. 1992b). The nucleotide sequences of the V regions
encoding R149 had 94.6% homology with the VH1 member 51P1 and 99.4%
homology with the Vx2 member A3. Comparisons between the V regions of R149 and
their germline counterparts revealed that all replacement mutations resided in CDR1
and CDR?2 in both heavy and light chains. A high frequency of arginine residues were
found in the CDR regions of the variable region, particularly in the CDR3 region of the
heavy chain where five out of twenty residues were arginines. These data points to a

role for basic residues in binding to not only DNA but also cardiolipin.

IIT) ANTI-DNA ANTIBODIES

Natural antibodies produced by auto-reactive clones found in the repertoire of
normal humans are known to contain a DNA binding population. These natural
antibodies however are of the IgM isotype, are often polyreactive, and may bind to
several auto and/or foreign antigens. Although autoantibodies of the IgM isotype are
deposited in the kidneys of lupus patients, those thought to mediate pathogenesis are of
IgG isotype. IgG anti-DNA antibodies have high affinity and are found more
specifically in lupus patients, thus the key to a better understanding of the
characteristics of ‘pathogenic’ anti-DNA antibodies could lie within the amino acid
sequence and structure of IgG anti-DNA antibodies. Until recently it has been
extremely difficult to immortalise human B cells (including those from SLE patients)
secreting antibody of IgG isotype which are stable and secrete monoclonal antibody in
amounts sufficient for detailed analysis. Thus only a limited number of IgG anti-DNA
antibody sequences are available with which to perform a valid sequence/structure
analysis. Tables 1.3 and 1.4 summarise the anti-DNA antibodies sequenced to date.

Amino acids that may have the greatest effect on protein binding to DNA are
arginine, asparagine, glutamine, tyrosine, lysine and histidine (Pabo & Sauer 1984).
Because of their charge and ability to form hydrogen bonds with either deoxyribose
phosphate or base pair structures of DNA, arginines are thought to be important for
protein recognition and binding to DNA (Seeman et al. 1976). Arginine can potentially
form hydrogen bonds with an individual G-C pair through the major groove of a DNA
double helix. Sequencing studies of a large number of mRNAs of MRL lpr/lpr

hybridomas revealed that clonally related hybridomas from a single mouse defined a
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series of mutations towards the inclusion of arginine and asparagine in the CDRs in
association with increasing affinity for denatured DNA (Shlomchik et al. 1990).
Crystallographic analysis and computer modelling of murine anti-DNA antibodies have
revealed that amino acids 31-33 in VL CDR1, 92-94 in VL CDR3, 52 in VH CDR2
and 100-100a in VH CDR3 are sites for DNA interaction and are often occupied by
polar amino acids (Tillman et al. 1992, Herron et al. 1991, Eilat et al. 1988). In an
analysis of a large panel of monoclonal anti-DNA antibodies derived from NZB/NZW
mice Tillman et al. (1992) found the presence of arginine at positions 100-100a as well
as more than one arginine in VH CDR3 were associated with high avidity to ds DNA.
Thus it is likely that the appearance of arginine residues within the CDR regions of
human anti-DNA antibodies involved in DNA binding. Site directed mutagenesis
studies with murine anti-DNA antibodies have supported the role of arginine residues
in DNA binding (Radic et al. 1993).

A summary of the IgM monoclonal anti-DNA antibodies sequenced are shown
in Table 1.3. Dersimonian ez al. (1987) isolated four IgM anti-DNA antibodies, three
were derived from an SLE patient, one from a patient with leprosy. Two of the SLE
monoclonals 18/2 and 1/17 carried the 16/6 idiotype levels of which have been found to
be elevated in the sera of patients with active lupus (Isenberg et al. 1984). The
nucleotide sequences of these antibodies were found to be identical and had 99%
homology with the germline gene segment VH26. 21/28 the third SLE monoclonal
was found to have 93% homology to the VH1 germline gene segment HA2 and was
idiotypically related to 8E10, a monoclonal antibody derived from a patient with
Leprosy. 21/28 and 8E10 shared 100% homology at the nucleotide level thus showing
strong evidence of the conservation of this germline gene.

Interestingly 21/28 and 8E10 shared homology with the VH26 encoded anti-
DNA antibodies in the first CDR. 21/28 also shared homology with the 1d16/6+
antibodies within the the third CDR region.

C6B2, (Hoch & Schwaber 1987) an IgM anti-DNA (ss & ds) antibody derived
from a six month old non-autoimmune individual, was compared with an anti-DNA
mouse monoclonal (Kofier et al. 1985). Striking homologies were found within the
CDR2 regions of the heavy chain where 9 out of 15 residues were shared including an
identical amino acid stretch of Ser-Thr-Asn-Tyr-Asn. There was also a shared Ser-Tyr

‘construction’ at positions 31 and 32. Studies have shown that these regions are likely



Table 1.3

Characteristics of human IgM monoclonal anti-DNA antibodies

DNA GERMLINE D JH L GERMLINE REFERENCES
ANTIBODY ORIGIN ANTIGEN VH COUNTERPART
21/28 SLE PBL ss 1 HA2 DXP'1 4 «x / Dersimonian et al 1987
8 E10 Leprosy PBL ss 1 HA2 ? 4 «x / Dersimonian et al 1987
IM2R SLESPL ss 1 51P1 ? 5 «x hk137 Mannheimer-Lory et al 1991
C6B2 sickle cell anemia  ss>ds 2 VCE-1 DXP1 3 2 / Hoch et al 1992
SPL
TH3 Leprosy PBL ss 2 VCE-1 DXP1 4 ¢ / Dersimonian et al 1987
18\2 SLE PBL ss +ds 3 VH26 DXP1 § «x / Dersimonian et al 1987
POP Leukemia and ss 3 VH26 DIR4 4 ¢ / Spatz et al 1990
periferal
neuropathy PBL
B19.7 Fetal BML ss(+RF) 3 VH26 ? 4 A / Young et al 1990
II3R SLESPL ds 3 56P1 DXP'1 4 «x / Mannheimer-Lory et al 1991
Kim 4.6 Healthy child ss 3 VH1,9111 DXP1 6 A / Cairns et al 1989
tonsil Ls
BEG-2 Fetal liver Ls ss +ds 4 VH4.71-2 ? 5 A / Watts et al 1991
IC4 Myeloma BML ds 4 VH4.71-4 ? 4 «x / Mannheimer-Lory et al 1991
-1 SLE SPL ds 5 VH251 ? 4 x vk328 Mannheimer-Lory et al 1991
L16 Fetal liver Ls ss 6 VHé6 Qs2 3 «x / Logtenberg et al 1989
ML1 Fetal spleen Ls ss 6 VH6 Q52 4 A / Logtenberg et al 1989
A10 Healthy adult PBL ss 6 VH6 Q52 3 x / Logtenberg et al 1989
A431 Healthy adult PBL ss 6 VH6 7Q52 4 A / Logtenberg et al 1989
AB47 Healthy adult PBL ss (+RF) 7 ?VH7 ? 4 A / Sanz et al 1989

SLE = systemic lupus erythematosus; PBL = peripheral blood lymphocyte; ss = single stranded; SPL = splenic lymphocytes
ds = double stranded; BML = bone marrow lymphocytes; RF = rheumatoid factor; Ls = lymphocytes, ? = unknown
Adapted from Isenberg et al 1993

oL
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to form part of the antigen binding site. It is possible that hydrogen bonds occur
between the negatively charged phosphates on the backbone of DNA and the tyrosine
and asparagine residues.

Sequence analysis of an anti-DNA IgM monoclonal POP (Spatz et al. 1990)
from a patient with CLL and peripheral neuropathy has shown 96% homology with
germline gene VH26 and 99% homology to a Vx3a germline gene KV328 (Pech &
Zachau 1984). This antibody has Ser-Phe at position 31 & 32 instead of the Ser-Tyr
found in C6B2. The replacement of tyrosine with phenylalanine as described could
explain why POP monoclonal binds to ssDNA only.

B19.7 (Young et al. 1990), a 16/6 Id+ IgM anti-ssDNA of fetal origin was
compared to 18/2 because its binding to ssDNA was inhibited by the 16/6 anti-idiotype.
The results showed that antibodies with identical VH regions and expressing the same
idiotype may have different DNA binding sites. The sequences however had no
homology in the CDR3 region and the antibodies used different light chains, B19.7
using A and 18/2 using x. These differences prevented the inhibition of ssDNA
binding by the 16/6 anti-idiotype in B19.7. Kim 4.6, an anti-ssDNA IgM monoclonal
derived from a normal healthy adult had 100% homology with the germline VH gene
segment VHO.III and 98% homology with a VL gene segment expressed in Burkitt’s
lymphoma (Cairns et al. 1989b). Kim 4.6 contains a region of 25 nucleotides which
matches the germline segment DXP’1 (Ichihara et al. 1988a). The single D germline
gene DXP’1 has been seen in anti-DNA antibodies from different sources. The reading
frame of DXP’1 seen in anti-DNA antibodies encodes the amino acid sequence
YYGSGS. Other immunoglobulin heavy chains which were not selected for DNA
binding specificity did not show such a preference for the DXP’1 gene and the CDR3
core sequence YYGSGS was not identified once in more than fifty sequences
(Dersimonian etal. 1989). The DXP’1 gene product was identified in these heavy
chains but an alternative reading frame was used. However the YYGSGS CDR3
sequence is not an absolute requirement for DNA binding as several anti-DNA VH
CDR3 regions do not contain this sequence (Dersimonian et al. 1990) These results
suggest a role for the heavy chain CDR3 in DNA binding.

Ab47, an IgM2A monoclonal binds ssDNA from a healthy adult showed less
than 76% homology with most VH1 members (Sanz et al. 1989b). The highest
sequence identity (78%) was found to fetal cDNA sequence 51P1 (Schroeder et al.
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1987). This antibody was found to be encoded by the single member VH7 gene family

Studies done by Logtenberg et al. (1989) revealed that fetally derived
- autoantibodies encoded by the VH6 gene family display binding patterns reminiscent of
autoantibodies present in the sera of SLE patients. Nucleotide analysis revealed that the
CDR3 region is of conserved length. The VH6 encoded autoantibodies were found to
bind ssDNA. The binding was believed not to be simply charge related as these
- antibodies did not bind to similar negatively charged molecules such as RNA.
Comparison of the sequences of the VH6 genes expressed by the fetal lines L16 and
ML1 to gemlme gene 61G1 revealed 100% homology.

A10 and A431 were derived from normal adult PBMC’s differed from the
prototype VH6 germline by 6 and 3 nucleotides respectively. Eight of the nine

. differences were concentrated in the CDR1 and CDR2 regions each resulting in amino

acid replaéerhents. This pattern of nucleotide substitutions suggests somatic mutation.
Further studies of these antibodies showed that A10 and A431 had undergone somatic
mutation in the absence of class switching.
Eight anti-dsDNA antibodies were described by Manheimer-Lory et al.
(1991). These antibodies carry the 31 idiotope which is encoded by the x light chain of
these monoclonals. A random sampling of Vx1 chains showed an average of 2.8
arginine, asparagine or glutamine residues in CDR1. The Vx chains of the eight anti-
dsDNA monoclonals described contain an average of 3.75 of such residues within the
CDRI region. This data points to the importance of the VL chain in DNA binding.
- A summary of the IgG monoclonal anti-DNA antibodies sequenced are
- shown in table 1.4. T14, an IgG anti ss & dsDNA antibody has 94.8% homology
with VH4 member VH4.21 and has 98.6% homology with germline VkIIIb member
Kv325 (Van Es et al. 1991). The VH4 and VKIIIb genes expressed by the monoclonal
T14 differ from their respective germline counterparts by 14 and 5 nucleotides
respectively. A non-random distribution of silent and replacement mutations were
found. Such a distribution of mutations withirj an antibody V region is consistent with
a process of Ig receptor-dependent stimulation and selection of mutations (Shlomchik
et al. 1987). Only two replacement mutations were found within the frame work
regions. Four of the ten replaéerhent mutations yielded an arginine or asparagine amino
~acid. The CDR3 region of Tf4 contained five fyrosines, one arginine and one lysine

residue.



Table 1.4

ANTIBODY

H2F
32.B9
33.H11
33.F12
35.21
19 E8
1-2a
SDé6

Ti4
2A4
33.09
KS3

Characteristics of human IgG monoclonal anti-DNA antibodies

ORIGIN

SLE PBL
SLE PBL
SLE PBL
SLE PBL
SLE PBL
SLE PBL
SLE SPL
Healthy
adult PBL
SLE PBL
Meyeloma BML
SLE PBL
SLE SPL

IgG DNA GERMLINE

SUBCLASS ANTIGEN VH COUNTERPART

? ds 3 VH26

3 ss+ds 3 VH26

1 ss + (ds) 3 VH35.21

1 ss+ ds 3 VH3-8

2 ds >ss 3 H11

1 ds > ss 3 56P1

? ds DNA 3 56P1

? ds DNA 3 ?

3 ss+ds 4 VH4.21

? ds 4 VH4.71-2

2 ss+ds 4 VH4.4B

? ds 4 ?

D

?
DLR2
?
DNI
DMI/2
DHFL16
?

?

DXP'1
DM2
?

JH

NVNEAAPLWAONA

4
6
3
?

L GE RMLINE
x IV Vk4
A VIII A\ VIII
A a ?
x b kv325
A ?
x OI Vg
x1 DILp1
a1 A0
x IIIb kv325
xI DILp1
x1 hk102
Al A0

SLE = systemic lupus erythematosus; PBL = peripheral blood lymphocyte; ss = single stranded; SPL = splenic lymphocytes
ds = double stranded; BML = bone marrow lymphocytes; Ls = lymphocytes; ? = unknown.
Adapted from Isenberg et al 1993
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NE-1 and NE-13 ,anti-ss/dsDNA antibodies were derived from a patient with
SLE and expressed the NE-1 idiotype (Hirabayashi et al. 1993). The VH regions of
these antibodies had 100% homology with the germline gene VH4.21. Four arginine
residues were present in the CDR3 regions of both NE-1 and NE-13 pointing to the
importance of arginine residues within the CDR3 regions of VH4.21 encoded anti-
DNA antibodies Winkler et al. (1992) produced six IgG anti-dsDNA monoclonals
from three patients with active SLE. Five used members of the VH3 gene family and
one was encoded by a VH4 family member. The high replacement to silent mutation
ratios were found within the CDR’s of both the VH and VL regions of all six
antibodies characteristic of an antigen driven mechanism. 35 replacement mutations
were seen in the CDR’s of these antibodies and 15 yielded arginine, asparagine or
lysine amino acid residues. There was a balanced distribution of these amino acid
residues over the CDR’s of both heavy and light chain suggesting a balanced
contribution of all CDR’s in DNA binding.

In conclusion there is much evidence to suggest a role of certain germline genes
in generating autoantibodies. Murine studies have shown the potential importance of
basic amino acid residues in binding to DNA. The distribution of mutations within
variable regions at least within the anti-DNA antibody population shows evidence of an
antigen driven mechanism. However, relatively few autoantibodies have been
sequenced from patients with active autoimmune disease, especially those of the

pathogenetically associated IgG isotype.
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AIMS

Although much research has been focussed on the molecular origin of pathogenic
autoantibodies, a number of questions concerning the factors that contribute to the
generation of these autoantibodies are only beginning to be uncovered. What
contribution is made by genetic polymorphism and somatic mutation? What is the
relationship between natural and pathogenic autoantibodies? Do pathogenic
autoantibodies derive from a particular B cell subset and do they utilise the same or a
different array of VH and/or VL genes compared with the lymphocytes that respond to
foreign antigens?

The aim of the work described in this thesis was to investigate the genetic
origins of autoantibodies derived from patients with active autoimmune disease, in
order to see if there was biased variable region gene usage in the generation of
autoantibodies and if the presence of certain amino acid/ amino acid motifs in expressed
V regions correlate with autoreactivity and the expression of idiotypes elevated in the

sera of patients with autoimmune disease
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CHAPTER TWO
MATERIALS AND METHODS

2.1 MATERIALS

I) BACTERIA

The following strains of Escherichia coli were used

IM109 -recA™ (recAl, endAl, gyrA96, thi, hsdR17, supE44, relAl, A~ A(lac-
proAB),[F’, raD36, proAB, laclq, lacZAM15]))

XL1-blue recA~ (recAl lac™, endAl, gyrA96,thi, hsdR17, supE44, relAl,[F’ proAB,

laclq, lacZAM1S, Tn10])

IT) MONOCLONAL AUTOANTIBODY CELL LINES

The monclonal IgM autoantibodies “RT’ were derived from the splenocytes of
one SLE patient with active disease utilising the GM4672 fusion partner (Rioux et al
1993). These monoclonals were made and characterised by Dr. CT Ravirajan
(Ravirajan etal 1992).

The monclonal IgM autoantibody WRI176 was derived from the splenocytes of
a second SLE patient with active disease utilising the GM4672 fusion partner. VAR24,
an IgM autoantibody derived from the PBL of a patient with polymyositis utilising the
GM4672 fusion partner. WRI176 and VAR24 were made and characterised by Dr. R
Watts.

The IgM E3-MPO was derived from the PBL of a patient with vasculitis. The
IgG monoclonals B3 and DS were derived from the PBL of a third patient with active
SLE. E3-MPO, B3 and D5 were immortalised using the fusion partner CBF7 and were
made and characterised by Dr. M Ehrenstein ( Ehrenstein et al 1993).

The IgG monoclonal autoantibody UK4 was derived from the PBL of a patient
with Anti-phospholipid syndrome utilising the fusion partner CBF7. UK4 was made

and characterised by Dr S Menon.
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Monoclonal cells lines were intially cultured and cloned in medium containing 10% fetal
calf serum. Bulk cultures for antibody production were subsequently cultured in serum
free medium HU-1 (Northumbria Biologicals UK).

IIT) VIRUSES
M13 helper phage VCS-M13 used for single stranded rescue was obtained from

Stratagene, La Jolla, CA. U.S.A.

IV) DNA
Vectors - Bluescript vector was obtained from Stratagene, La Jolla CA
Bluescript TA vector was obtained from Novagen, Madison WI

M13 vector was obtained from Amersham UK.

V) DNA PROBES
a) Human immunoglobulin constant region

IGHGS3 for the identification of human IgG constant region was obtained as a
2kb Sac-I - Sphl fragment cloned into pUC19 (Lefranc et al. 1986) was a kind gift
from M P Lefranc, University of Montpellier, Montpellier, France.

IGHM for identification of human IgM constant region was obtained as a 1.2kb
fragment cloned into pACYC184 (Rabbitts et al. 1981) was a kind gift from T Rabbitts,
Laboratory of Molecular Biology, Cambridge, UK.

b) Human immunoglobulin variable region probes
VH gene family probes were generously provided by Dr Fred Alt, Columbia

University, NY , USA (VH1, VH3, VH4, VHS, VH6.) (Berman etal. 1988) and by
Dr T Honjo Kyoto Japan (VH2) (Takahashi et al. 1984).
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VI) POLYMERASE CHAIN REACTION PRIMERS

The details of the primers used are as follows

VH9 (CAG GTG CAG CTG GTG GAG TCT GG)
Cujh  (GAC GGA ATT CTC ACA GGA GAC)

Cgs (CAG GGG GAA GAC CGA TGG)

HK14 (GAC ATC CAG ATG ACC CAG TCT CC)
HK26 (GAT ATT GTG ATG ACT CAG TCT CC)

VK3 (TGA GAA TTC TCC TGC TAC TCT GGC TG)
KC  (CGA GAATTCTAG ATC ATC AGA TGG CGG GA)
HA10 (CAG TCT GTG TTG ACG CAG CCG CCC TC)
HA20 (CAG TCT GCC CTG ACT CAG CCT GCC TC)
HA30 (TCC TAT GAG CTG ACT CAG CCACCC TC)
A (ACC TAG GAC GGT CAG CTT GGT CCC)

VII) ENZYMES

Restriction endonucleases were obtained from Gibco/BRL UK, New England
Biolabs, U.S.A. or Boehringer Corporation Ltd UK.
T4 DNA ligase, ribonuclease inhibitor (RNasin) and proteinase K were obtained from
Boehringer Corporation Ltd UK.
Sequenase kits were obtained from United States Biochemicals, and supplied by
Cambridge Bioscience UK.
DNA polymerase Klenow fragment was obtained from Gibco/BRL.

Taq polymerase was obtained from Cetus Emeryville CA

VHI) RADIOCHEMICALS

Radiochemicals were purchased from New England Nuclear Inc., Boston
USA. These were (a-32P) dCTP (800 and 3000 Ci/mmol) and (a-35S) dATP
(1000Ci/mmol)
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IX) BUFFER LUTIONS AND GROWTH MEDIA
The following general solutions were used. Solutions specific to a particular

method are described in the appropriate section.

L-broth (LB) - 1% (w/v) bactotryptone, 0.5% (w/v) bacto yeast extract, 0.5% NaCl in
H,O and adjusted to pH 7.2 with NaOH

Phosphate buffered saline (PBS) 135mM NaCl, 27mMKCI], 10mM Na,HPO4 in H,0
(SSC) 150mM NaCl, 15mM trisodium citrate.

Diethylpyrocarbonate (DEPC) treated water - 0.1% DEPC in H,O was shaken for

twelve hours then autoclaved.

X) OTHER MATERIALS AND REAGENTS
Nylon and nitrocellulose filters - (Hybond N) Amersham International UK

X-ray film- X-omat AR (Kodak, UK) or Fuji RX film (Fuji Photofilm Co. UK)
Polaroid 667 film - Polaroid, UK

Bacterial growth media Difco Laboratories, UK

RNA markers Gibco BRL, Gaithersburg, MD

RNAZzol B - Cinna Biotecx Labs Inc.

Geneclean II - Bio 101 Inc La Jolla, CA.

Lambda Hind III molecular weight markers- Gibco BRL, Gaithersburg, MD
One kilobase molecular weight markers- Gibco BRL, Gaithersburg, MD
Random hexamers Gibco/BRL UK

All deoxynucleotides - Pharmacia LKB Sweden

All other chemicals, solvents, and materials were obtained from one of the following:

Sigma chemical company, British Drug House (BDH) or Fisons Laboratories.
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2.2 RNA METHODS

I) RNA ISOLATION
a) Large scale preparation

Total RNA was isolated from large numbers of mammalian cells (up to 10°) by

using a modified method of the guanidinium/CsCl method described by Chirgwin et al.
(1979). The washed cell pellet was lysed and dispersed in Sml of lysis buffer (4M
guandinium isothiocyanate, 0.1M B-mercaptoethanol, pHS). This extract was then
layered above 2.2ml 5.7M CsCl, 0.1M EDTA, pHS in Beckman SW41 polyallomer
tubes. The tubes were then centrifuged at 25K rpm for 22 hours at 17°C after which
the supernatant was removed by aspiration. The RNA pellet was briefly washed in
70% ethanol then resuspended in 400ul of ‘RNA dissolving buffer’ (100mM Tris-HCl1
pH7.4, 100mM EDTA, 1% SDS). After extraction with a 4:1 mixture of chloroform
and butan-1-ol, the organic phase was re-extracted with an equal volume of ‘RNA
dissolving buffer’. After combining the two aqueous phases, the RNA was ethanol
precipitated with sodium acetate, pHS.2 at -20°C overnight. The RNA was recovered
by centrifugation, washed and resuspended in H,O and stored at -70°C. An aliquot

was removed spectrophotometric determination.

b) Small scale preparation (1)

A modification of the guanidinium/CsCl method as described by Wilkinson
(1988) was used to isolate total cellular RNA from a maximum of approximately 107

mammalian cells. The cells were washed and harvested 1ml of sterile PBS. After low
speed centrifugation in a microfuge, the PBS was removed and the cell pellet dissolved
in 0.5ml of guanidinium lysis buffer (4M guanidinium isothiocyanate, 1M B-
mercaptoethanol, 25mM sodium acetate pHS.2). The lysed cells were drawn into a
syringe fitted with an 18-gauge hypodermic needle and forcefully ejected back into the
tube. This was repeated several times until the viscosity of the suspension was reduced
by shearing the liberated chromosomal DNA. The homogenate was then loaded onto a
cushion of 220ul of 5.7M CsCl in a Beckman mini ultracentrifuge tube. The tubes

were then filled to the top with guanidinium lysis buffer and then spun in a Beckman
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TLS 55 rotor at 55K rpm, 17°C for 3 hours. After removal of the supernatant, the
tubes were inverted onto paper towelling to drain and wiped carefully to remove any
residual supernatant. The remaining pellet was resuspended in 100ul of DEPC-treated
H,O and incubated on ice for 30 minutes. The solution of dissolved RNA was then
ethanol precipitated at -70°C for 30 minutes, recovered by centrifugation, washed, dried
and typically resuspended in 50ul DEPC-treated H,O. An aliquot was taken for

spectrophotometric analysis.

b) Small scale preparation (2)

Total RNA extraction for very small quantities of cells was performed using the

RNAzol B RNA extraction kit according to the manufacturer’s instructions.

1I) SPECTROPHOTOMETRIC ANALYSIS OF RNA
1 optical density unit at 260 nm was equivalent to 40mg/ml total RNA

IIT) RNA ELECTROPHORESIS

Denaturing agarose slab were prepared in 1 x MEA buffer and formaldehyde
was added just before casting to a concentration of 2.2M. The RNA samples (up to
20ug of total RNA) were denatured prior to loading by mixing with sample buffer [1 x
MEA (20mM MOPs, ImM EDTA, 5SmM sodium acetate in H,O and adjusted to pH 7.2
with NaOH), 50% formamide, 2.5M formaldehyde] and heated to 65°C for 15 minutes.
The sample was mixed with 6 x loading buffer (50% glycerol, ImM EDTA, 0.4%
bromophenol blue 1mg/ml ethidium bromide). RNA molecular weight markers were
prepared for loading according to the manufacturers instructions and were loaded in a
peripheral well. The gel was run in 1 x MEA buffer at 100V usually until the
bromophenol blue had migrated 100mm from the wells. The RNA was visualised with
a ultraviolet transilluminator (wavelength 254nm) and photographed. The position of
the RNA ribosomal bands were measured from the wells. The position of bands of the

RNA molecular weight markers was also determined in this way.
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IV) NORTHERN BLOTTING

RNA transfer

The gels were blotted as described by Maniatis et al. (1982) but omitting any
treatment of the gel before transfer. 20 x SSC was used as the transfer buffer. The
fixing of RNA to Hybond N membranes (Amersham, Amersham U.K.) was carried
out by UV illumination (254nm) for 3-5 minutes with the RNA nearest to the light

source.

ining of immobilised RNA molecular weight marker.

The RNA molecular weight markers which were run on a peripheral well on the
Northern gel were blotted onto the Hybond N nylon membrane. The area
corresponding to the position of the markers was cut off from the rest of the membrane
prior to hybridisation and soaked in 1M acetic acid for 10 minutes at room temperature.
The membrane was transferred to a staining solution [0.4M acetic acid, 0.4M sodium
acetate, 0.2% (w/v) methylene blue and soaked for a minimum of 10 minutes. The

membrane was destained in H,0O

Hybridisation of Northern blots

The best conditions were determined for all the radiolabelled cDNA probes used
in this work and were as follows:

The filter was prehybridised in prehybridisation buffer [5 x Denhardts, 50%
formamide, 5 x SSC, 0.1% SDS (w/v) 150mg/ml herring sperm DNA] at 42°C for a
minimum of 2 hours. The filter was then hybridised for a minimum of 12 hours at
42°C in buffer of the same composition as the prehybridisation buffer but with the

addition of the probe at 106 cpm/ml. The initial washes following hybridisation were 2

x SSC, 0.1% SDS at room temperature. These were followed by a series of washes at
65°C where the stringency was increased by lowering the ionic strength of the wash
and varying the times of the incubation. The wash conditions were determined by the
level of activity left on the filter as monitored by a Geiger counter. A typical high
stringency wash consisted of a 30 minute incubation at 65°C in 0.1 x SSC, 0.1% SDS.

After washing the filter was wrapped in Saran Wrap and autoradiographed with
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intensifying screens at -70°C for 2-3 days.

Rem f hybridi robe from hybon
Northern blots on Hybond N were stripped of hybridised probe using one of
the following methods:

Method one
The blot was washed in stripping buffer (0.005M Tris-HCI pHS8, 0.002M
EDTA, 0.1 x Denhardts) at 65°C overnight.

Method two
A solution of 0.1% SDS was boiled and then poured over the filter and allowed

to cool to room temperature.

Method three
The filter was washed in stripping buffer two [50% formamide (v/v),
10mMtris-HCL pHS] at 65°C for one hour. The filter was rinsed in 2 x SSC at room

temperature for 3-4 minutes

After stripping by any of the above methods, the filter was sealed in a bag

containing 2ml of 2 x SSC and stored at -20°C.
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V) RNA SEQUENCING

m RNA extraction using Nonidet P4Q
This method is based on that described by Griffiths and Milstein (1985)

The solutions and reagents used in this method are as follows:-

Lysis buffer [0.14M NaCl, 1.5mM MgCl2’ 10mM Tris-HCI pH 8.3, 0.5% Nonidet
p40 (v/v)]

PK buffer [ 0.3M NaCl, 0.2M Tris-HC1 pH 7.4, 25mM EDTA, 2% SDS (w/v), 1.4

mg/ml proteinase K (added to solution just before use)]
Binding buffer [0.5M NaCl, 10mM Tris-HCI pH 8.3, SmM EDTA, 0.5% (w/v) SDS]
Washing buffer [0.1M NaCl, 10mM Tris-HCI pH 8.3, 5mM EDTA, 0.5% (w/v) SDS]

Elution buffer [10mM Tris-HCL pH 8.3, SmM EDTA, 0.3% (w/v) SDS ]

Preparation of oligo dT cellulose
0.6g of oligo dT cellulose was prepared by washing sequentially with the

following:-

Twice with 50ml 0.1M NaOH, three times with 50ml HyO, twice with 20ml of
elution buffer at 50°C and twice with 20ml of binding buffer at room temperature. The
mixture was vortexed during each wash and centrifuged to 1000 rpm to pellet the oligo
dT cellulose and the supernatant was decanted before the addition of the next wash

solution.
0.2g of oligo-dT cellulose was used for each isolation from 107 cells. After use

the oligo-dT cellulose was washed 10 ml of elution buffer at 50°C, resuspended in
binding buffer for storage at 4°C. The cellulose was pelleted and the supernatant

removed before subsequent use.
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mRNA extraction using Nonidet P40

The mammalian cells were pelleted at 1500 rpm and washed once in ice-cold
sterile PBS. The cells were pelleted again and the supernatant was decanted off. The
pellet was resuspended in 22ml of lysis buffer and incubated on ice for 2 minutes. The
homogenate was centrifuged at 2500rpm for 20 minutes at 4°C and the supernatant was
decanted into a fresh tube. 22ml of PK buffer was added to the supernatant and was
incubated at 37°C for 1 hour. The homogenate was incubated at 65°C for 3 minutes to
heat inactivate the proteinase K. 3.5ml of 4M NaCl was added and the mixture was
allowed to cool to room temperature by placing the tube on ice. 1ml of oligo-dT
cellulose (loose pellet 0.2g approx.) was added to the deactivated RNA preparation.
The mixture was incubated at room temperature for 30 minutes on a Voss wheel. The
mixture was spun up to 1000rpm and then back down quickly. The supernatant was
decanted off and the loose pellet was poured into a plastic column. The tube which
previously contained the pellet was washed with 1.5ml of binding buffer and this was
added to the column. In all, the column was washed with the following:

3 x 1.5ml binding buffer at room temperature

3 x 1.5ml washing buffer at room temperature

3 x 1.5ml elution buffer at 50°C
(The column was allowed to run dry after each addition)

The 4.5ml of eluted material (from the elution buffer only) was collected into a

silconised glass corex tube. This material was the poly A + RNA.

500ml of 3M sodium acetate was added, mixed and then 12.5ml of ice cold ethanol was
added. The RNA was left at -20°C to precipitate. The oligo dT cellulose was washed
with 10ml of elution buffer at 50°C, resuspended in binding buffer and stored at 4°C.
The corex tube was spun at 10,000rpm for 30 minutes at 4°C (Sorvall RC5B
centrifuge). The supernatant was decanted off and the pellet was washed twice with
80% ethanol. The pellet was dried in a vacuum dessicator and then resuspended in a

suitable volume of water (the volume depended on the size of the pellet, varied from
between 10-100ul). An aliquot was taken for spectrophotmetric analysis and the rest

was stored at -70°C.
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mRNA sequencing
The following solutions were used in this method:-
Poly A+ RNA at a concentration of 2ug/ml
10 x RT buffer (0.5M Tris-HCI pH 8, 1.5M KCl, 0.1M MgCl).

0.2M DTT

d-NTP-C was made up by the mixture of the following stock solutions:-
10mM dTTP 40ul
10mM dGTP 40ul
10mM dATP 40ul

50mM Tris-Cl, ImM EDTA pH8.3  160pl
Sterile HyO 1320pl
a-32P dCTP 400Ci/mMol

Dideoxynucleotides
ddGTP, ddATP, ddCTP, ddTTP. were prepared, each at the concentration of
S5uM

Chase v
This solution was a 1:1:1:1 ratio of dGTP,dCTP, dATP, and dTTP all at 1mM

concentration

Formamide stop solution

Im]l deionised formamide
Img xylene cyanol

Img bromophenol blue
40ml 500mM EDTA
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The following was mixed in an eppendorf tube by spinning:

Poly A+ RNA 2ug
10 x RT 2ul
0.2M DTT 2ul
dNTP-C 8ul
H,0 2ul

1l of 1pg/ul CuJ was added to this mixture and 4ul of the above mixture was
aliquoted into four tubes labelled A, C, G, T.
1ul of 5SmM of each dideoxynucleotide was added to each tube e.g ddATP added to tube
A, ddCTP added to tube C etc. One unit of reverse transcriptase was added to each
tube. The tubes were incubated at 42°C for 15 minutes. At 15 minutes, 2ul of chase
solution was added to each tube and the tubes were incubated at 42°C for a further 15
minutes. 2ul of formamide stop solution was added to each tube and the reactions were
either frozen at -20°C until required or boiled in preparation for loading onto a standard

polyacrylamide sequencing gel and treated as for DNA dideoxy sequencing.

2.3 DNA METHODS

D ISOLATION OF PLASMID DNA

a) SMALL SCALE PLASMID PREPARATION

5ml of LB-broth (50pg/ml ampicillin) was inoculated with a single colony from
an agar plate or 5ul of bacterial glycerol stock and incubated overnight at 37°C with
agitation. The culture was then spun down at 4000rpm for 10 minutes. The pellet was
resuspended in 100ul of solution one (1% glucose, 25mM Tris-HCl pH 8.0, 10mM
EDTA Na, pH 8.0) and incubated at room temperature for 5 minutes. 200ul of solution
two (0.2M NaOH, 1% SDS) was added, the tube was inverted and incubated on ice for
5 minutes. 150ul of ice cold solution three was added and after vortexing the mixture
was incubated on ice for 15 minutes.
(Solution three; solution of potassium acetate pH4.8 approx. made up as follows: To

60ml of 5M potassium acetate 11.5ml of glacial acetic acid was added followed by
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28.5ml of H,O. The resulting solution was then 3M with respect to potassium and SM
with respect to acetate) The precipitate was then pelleted by centrifugation in a
microfuge at 13,000rpm for 10 minutes. The supernatant was then decanted into a
fresh tube. This was followed by a standard phenol/chloroform extraction and ethanol
sodium acetate precipitation. The DNA was typically resuspended in 20ul of H,0
containing DNase free pancreatic RNase (20ug/ml) and vortexed briefly. The

preparation was either subjected to restriction digest analysis or stored at -20°C.

b)LARGE SCALE PLASMID PREPARATION

The method was based on the alkaline lysis method of Maniatis et al. (1982)
with modifications. Typically, 400ml of ampicillin-containing (50pg/ml) LB medium
was inoculated with bacteria containing the appropriate plasmid and grown to saturation
overnight in an orbital shaker at 37°C. The bacteria were harvested by centrifugation at
4.2K rpm for 20 minutes (4°C) in a Beckman JR3.2 rotor. The cells were resuspended
in 40ml 10mM EDTA, pH 8.0 before the addition of 80ml of freshly prepared 0.2M
NaOH, 1% (w/v) SDS and 40ml 3M potassium acetate pH 4.8, swirling gently after
each addition. After a 5 minute spin at 4.200rpm (at room temperature), the
supernatant was filtered through nylon gauze and spun together with 0.6 volume
isopropanol at 6,000rpm for 10 minutes in a Sorvall GS3 rotor. The DNA pellet was
rinsed in 70% ethanol containing 100mM Tris-HCI pHS8 and subsequently dissolved in
100mM Tris-HC1 pH8, 2mM EDTA and purified by equilibrium gradient centrifugation
in a caesuim chloride-ethidium bromide gradient as described by Maniatis et al. (1982) .
The plasmid DNA solution recovered was adjusted to 10ml by the addition of of
100mM Tris-HCl pH8, 2mM EDTA and the nucleic acid was precipitated by the
addition of two volumes of absolute alcohol and spun at 3,000 rpm for 20 minutes in a
Beckman JR3.2 rotor. The DNA pellet was washed and dried and resuspended in
400ul H,0, 50ul 20x SSC and subjected to RNase A (at 40u/ml) and RNase T1 (at
200u/m1l) for 60 minutes at 37°C. Following standard phenol extraction, the plasmid
DNA was precipitated with ethanol, resuspended in 200ul H,O and a sample diluted for

spectrophotometric determination.
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II) GEL ELECTROPHORESIS OF DNA
a) NON DENATURING AGAROSE GELS

The separation of DNA fragments and the assessment of various DNA cloning
steps was effected by use of horizontal agarose mini-gels on apparatus manufactured by
Pharmacia. The gels were made and run as described by Maniatis etal. (1982) in Tris -
borate (TBE) electrophoresis buffer (100mM Tris-HCL, 100mM boric acid, 2mM
EDTA pH 8.35) ; the agarose concentration varied between 0.6% and 1.2% (w/v)
depending upon the size of the DNA of interest. Where DNA fragments were
subsequently used for ligation reactions or radiolabelling then low melting point
agarose was used in combination with Tris- acetate (TAE) electrophoresis buffer
(40mM Tris-HCI, 1mM EDTA adjusted to pH 8.0 with glacial acetic acid). The DNA
samples were mixed with 6 x loading buffer (0.25% bromophenol blue, 0.25% xylene
cyanol, 15% [Ficoll type 400] in H,O ) immediately prior to loading. The gels were
typically run at 5-20V/cm for 60 minutes. The DNA was visualised with an ultraviolet

transilluminator (wavelength 254nm) and photographed.

b) DENATURING POLYACRYL AMIDE GELS

The products of DNA sequencing reactions were analysed by electrophoresis
through 6% polyacrylamide/ urea gels. These were prepared and the samples run
exactly as described in the Amersham M13 cloning and sequencing booklet.

Furthermore, the gels were fixed and dried as described in this booklet.

IT) SOUTHERN BLOTTING
DNA transfer

The transfer of DNA from agarose gels to nitrocellulose or nylon membranes
was carried out as described by Maniatis etal. (1982). The fixing of DNA to Hybond
N membranes was carried out by UV illumination (254nm) for 3-5 minutes with the

DNA nearest to the light source.

Hybridisation of m bl
The membranes were prehybridised in Hybaid bottles (manufacturer) for a

minimum of two hours in 6 x SSC and 1 x Denhardt’s reagent [ 0.2% (w/v) BSA,
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0.2% (w/v) polyvinylpyrroloidene, 0.2% (w/v) Ficoll] at 65°C in a Hybaid
hybridisation oven. 100ug/ml of heat denatured, fragmented salmon sperm DNA was
added 30 minutes before the addition of radiolabelled probe. Sufficient heat denatured

probe was added so that the final count was approximately 106 cpm/ml. The filters

were hybridised for a minimum of 12 hours before washing initially at a low stringency
of 2 x §SC, 0.1% SDS for 30 minutes at 65°C. The stringency and number of
subsequent washes were determined by the level of activity left on the filter as
monitored by a Geiger counter. The stringency of the washes was increased by
reducing the concentration of SSC; a typical high stringency wash was 0.1 x SSC,
0.1% SDS at 65°C for 30 minutes. The filters were then wrapped in Saran Wrap whilst

damp and autoradiographed. Nitrocellulose and nylon membranes were treated

identically.

Linear, double stranded DNA fragments were radiolabelled according to the
oligo-labelling technique of Feinberg and Vogelstein (1984) using a-32P dCTP. The
labelled probe was separated from unincorporated nucleotides by centrifugation through
a Sephadex G50 spun-column as described by Maniatis et al. (1982) except that the
Sephadex was equilibrated with 2 x SSC. The specific activity of the radiolabelled
DNA was determined using TCA (trichloroacetic acid) precipitation as described by
Maniatis et al. (1982).

V) ISOLATION OF DNA FRAGMENT

DNA fragments for use in ligation or radiolabelling reactions were excised from
low melting point TAE agarose gels whilst exposed to UV light but care was taken to
minimise the UV exposure. The DNA was purified from the agarose using a
Geneclean kit (Bio 101 Inc La Jolla, CA) which is based on a glassmilk extraction
procedure. The DNA purification was performed according to the manufacturer’s
instructions with the following modifications:

The gel slice was transférred to an eppendorf tube and 2.5-3 volumes of 6M

Nal were added and the mixture incubated at 55°C for ten minutes to dissolve the



92

agarose. 10ul of glassmilk suspension was added and the mixture incubated on a Voss

wheel for one hour at room temperature. The glass milk was pelleted in a microfuge at
13,000 rpm and the supernatant decanted off. The glassmilk pellet was washed three
times in 800ul New Wash solution. The pellet was dried briefly in a vacuum drier and
then resuspended in 10ul of sterile H,O and incubated at 55°C for 30 minutes. The
tube was then spun in at microfuge for 5 minutes at 13,000rpm and the supernatant
pipetted off and placed in a new tube. A further 5ul of H,O was added to the pellet and
the mixture was incubated at 55°C for 15 minutes. The supernatant was removed from
the pellet as previously described, pooled with the 10ml of supernatant isolated

previously, and stored at -20°C until required.

VI) cDNA SYNTHESIS

cDNA was made as follows:-

1pg of total RNA at a concentration of 1mg/ml was incubated at 65°C for two minutes

The following were added to the denatured RNA
10 x PCR buffer 2ul
RNAsin 0.5l (20 units)
10mM dNTPs 2ul
Random hexamers  1ul (9 OD units/ml )

Murine moloney reverse transcriptase (200U/ul) 0.5ul
Sterile water 13ul

The above mixture was incubated at 37°C for one hour and stored at -20°C until

required.
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VII) POLYMERASE CHAIN REACTION,
a) POLYMERASE CHAIN REACTION
After producing cDNA using the protocol described above, amplification of the
immunoglobulin variable regions was performed. The following were added to the
20ul cDNA reaction mixture produced above
"~ 10% PCR buffer 8ul

10mM dNTPs Sul

primer 1 1ul (concentration of each primer is 1ptg/ml )
_primer 2 Tul

Taq polymerase 1ul (5 units/pl)

sterile water 63ul

The conditions for the variable region amplification is dependent on the PCR primers

used and were as féllows:

For VH9/CuJH (for amplification of all IgMVH regions) and VKJH/CKIJH (for
amplification of all Vx regions) combinations the following conditions were used:-
1 minute at 94°C '
1 minute at 42°C
_ 1 minute at 72°C
for 30 cycles with a final step of 2 minutes at 72°C

For combinations VH4/Cy (for amplification of VH4 IgG variable regions), VH4/Cp
(for amplification of VH4 IgM variable regions), KC/HK14 (for amplification of V1
variable regions), KC/HK26 (for amplification of Vx2 variable regions), KC/Vx3 (for
amplification of V«3 variable regions) the following conditions were used:-

1 minute at 94°C

1 minute at 56°C

1 minute at 72°C
for 30 cycles with a final step of 2 minutes at 72°C
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For combinations JA/HAIO (for the amplification of VA1 variable regions), JA/HA20 (for
the amplification of VA2 variable regions) JA/HA30 (for the amplification of VA3
variable regions) the following conditions were used:

1 minute at 94°C

1 minute at 65°C

1 minute at 72°C
for 30 cycles with a final step of 2 minutes at 72°C

b)PURIFICATION OF PCR PRODUCTS

The PCR reactions were electrophoresed through a 1% agarose gel in TAE buffer
against a 1KB ladder (molecular weight markers )

The expected sizes of the products obtained from the various primers were between
350-400kb

The relevant bands on the gel were excised with a scalpel and the DNA purified using
the Gene Clean Kit (Bio 101 Inc La Jolla, CA) with the modifications described

previously.

VIII)_CLONING OF PCR PRODUCTS
PCR products were cloned into plasmid vectors by a variety of methods as

described below

igation of PCR pr into plasmid vector:

The method of ligation was dependent upon the manner in which the DNA
fragments had been recovered:
a) Gel purified DNA fragments were mixed with vector DNA in a 5:1 molar ratio so
that the total mass did not exceed 200ng and the final reaction volume was 10ul. After
addition of ligase buffer (SmM Tris-Hcl pH 7.8, 1mM MgCl, and 2mM DTT) and ATP
to ImM, 10 units of T4 ligase were added and the reaction incubated for a minimum of
5 hours at 15°C _
b) ‘In gel’ ligations were performed with DNA fragments which had been excised from
low melting point agarose gels. The gel slab containing the DNA was melted at 65°C

for approximately 10 minutes. A volume of the molten gel was then added to the vector
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DNA so that a 5:1 molar ratio was created between the fragment and the vector but the
total mass of DNA did not exceed 100ng. The volume of the reaction was then
adjusted so that the agarose concentration was not greater than 2% (w/v) (Crouse et al.
1983). After addition of the ligase buffer and the ATP to 1mM, 100 units of T4 DNA
ligase was added and the reaction incubated for a minimum of 5 hours at room
temperature. The ligation mixture was heated to 65°C for 5 minutes immediately before
its addition to competent cells.

IX) TA CLONING

TA vector was either obtained from Novagen or made using the following
protocol;

Bluescript DNA (4ug EcoRV cut) 10ul

10 x PCR buffer 2ul

20mM dTTP 2ul

Taq polymerase 4 units

sterile water Sul

The above were incubated at 70°C for two hours.

The tailed DNA was purified by the Gene clean kit using the standard protocol or by
phenol/chloroform, chloroform extraction and ethanol precipitation.

100ng was used per liga'tion as described in the first ligation method above.

X) PREPARATION OF E. COLI COMPETENT CELLS AND TRANSFORMATION
WITH PLASMID DNA

Stocks of JM103 competent cells were prepared using the calcium chloride
method described by Maniatis et al. (1982). Aliqouts of the competent cells were
stored at -70°C until required. The transformation procedure used was that described
by Maniatis etal. (1982).

XT) SELECTION OF RECOMBINANT PLASMIDS
Since all plasmids used in this work conferred ampicillin resistance to their host

cells the transformed bacteria were plated onto LB agar plates containing ampicillin
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(50pg/ml). All the plasmid vectors used in this work are constructed so that a fragment
of foreign DNA inserted into the multiple cloning site will disrupt the protein coding
region of the 5’ end of the lac Z gene. This results in the failure of the plasmid to
display a-complementation activity of the lac Z gene product, B-galactosidase, with the
host bacterium. Lac+ bacteria form blue colonies in the presence of X-gal but bacterial
colonies containing recombinant plasmids have a white appearance. Thus, the plates
contained X-gal (800ng) and an inducer of the lac Z gene, IPTG (1mM), to facilitate the
selection of recombinant plasmids by ‘blue/ white selection’.

The picked white colonies were then subjected to in situ hybridisation by
protocol II described by Maniatis et al. (1982), which is an adaptation of the method of
Grunstein & Hogness (1975). This further selection procedure ensured the putative
positives represented recombinants rather than recyclized vector DNA which had lost
their B-galactosidase complementation activity by deletion. The prehybridisation and
hybridisation conditions and the subsequent washing of nitrocellulose filters are
described in the Southern blotting section. After identification of the positives, glycerol
stocks were made from the corresponding colonies on the master plate and confirmation
of the size of the DNA insert was obtained by restriction enzyme digest of plasmid

DNA made by the ‘mini prep’ method.

XII) DNA SEQUENCING
DNA sequencing was performed using the Sequenase kit supplied by United

States Biochemical Corporation, Cleveland, OH. This procedure is a modification of
DNA sequencing originally described by Sanger etal. (1977) which utilises the enzyme
Sequenase a modified form of T7 DNA polymerase. The methods which follow use
this kit according to the manufacturer’s protocol with adaptations described in the

appropriate sections.

XIII) DIRECT SEQUENCIN

1 pl of the relevant primer (approximately 100ng) was added to 7 ul of gene
cleaned PCR product (approximately 100ng). This mixture was heated to 100° C for
five minutes then placed on dry ice for 1 minute. The tube was centrifuged in a

microfuge for five seconds and 7.5 ul pre-made labelling mix was added to the tube.
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The pre-made labelling mix was made up as follows (the reagents described
below were present in the USB sequencing kit):-
2ul  diluted labelling mix
lul  DIT
0.5u1 35S dATP

2ul 5 x buffer
2ul  diluted sequenase enzyme

The mixture was spun for five seconds and incubated at room temperature for two
minutes. After one minute 3.5ul of pre-made labelling mix and primer was aliquoted
into the top edge of each of four tubes each containing 2.5ul of dideoxynucleotide
ddGTP, ddATP, ddTTP or ddCTP. The four tubes were spun briefly in a microfuge
and then incubated for five minutes at 37-40° C. 4pl of stop solution was added, the
tubes were spun briefly and stored on ice until ready to load, or frozen at -20° C.

Before loading, the reactions were incubated for 2-3 minutes at 80°C to denature.

XIV) DOUBLE STRANDED SEQUENCING

One positive bacterial colony was picked into 5ml of L-broth containing
100ug/ml ampicillin and was grown up with shaking at 37°C overnight. The plasmid
DNA was extracted from the culture using the small scale DNA extraction method.
13% PEG 8000 was added to 16ul of plasmid DNA and incubated on ice for 20
minutes. The mixture was spun at 13,000rpm in a microfuge for 10 minutes. The
pellet was washed in 50ul of 100% ethanol, vacuum dried and resuspended in 18ul of
sterile water. 2ul 2M NaOH was added and left at room temperature for five minutes.
8ul of 5SM ammonium acetate and 112ul 100% ethanol were added and placed in an
IMS/CO, bath for 10 minutes. The denatured plasmid DNA was pelleted in a
microfuge at 13,000rpm for 5 minutes. The pellet was resuspended in 7ul of sterile
water and sequencing reactions were performed as the protocol described by USB

dideoxy sequencing kit.
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XV) SINGLE STRAND DNA RESCUE

One positive colony was inoculated into L broth containing 100ug/ml ampicillin
and grown up overnight. The overnight culture was diluted 1/100 in L broth containing
100pg/ml ampicillin and to this VCS-M13 helper phage was added to give a final
concentration of 1/1000 (4 x 108 plaque forming units/ml approx.). This culture was
grown up for one hour at 37°C on an orbital shaker at a speed of at least 300 rpm.
After one hour, kanomycin was added to a final concentration of S0pg/ml. The culture
was then grown up at 37° C for 5-8 hours on an orbital shaker at a speed of at least
300rpm.
Phage DNA was then prepared and sequenced using the method described in the USB

sequencing kit protocol.

XVI) GENE SEQUENCE ANALYSIS

The nearest germline counterparts of the variable region genes expressed in the
monoclonal autoantibodies were determined using the V BASE sequence directory,

Tomlinson et al MRC Centre for Protein Engineering, Cambridge, UK
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CHAPTER THREE

RESULTS

3.1 NORTHERN BLOTTING ANALYSIS OF MONOCLONAL
AUTOANTIBODIES

The source, antigen specificity, idiotype expression and variable
heavy chain usage of monoclonal autoantibodies described in this thesis
are summarised in Table 3.1. The “RT” and “RSP” monoclonals were
made and characterised by Dr Chelliah Ravirajan (Ravirajan etal 1992).
These monoclonal autoantibodies were derived from the splenocytes of
two patients with active SLE utilising the GM4672 fusion partner (Rioux
et al 1993) D5, B3 and E3-MPO were made and characterised by Dr
Michael Ehrenstein (Ehrenstein et al 1993, Ehrenstein etal 1994). E3-
MPO was derived from the PBL of a patient with vasculitis and B3 and D5
were derived from a patient with active SLE. These monoclonal
autoantibodies were made utilising the CBF7 fusion partner. VAR 24 and
‘WRI176 were made and characterised by Dr Richard Watts (by kind
permission). VAR 24 was derived from the PBL of a patient with
polymyositis and WRI176 was derived from a patient with active SLE .
Both of these monoclonals were immortalised using the GM4672 fusion
partner. UK4 was made and characterised by Dr. S Menon (by kind
permission). UK4 was from a patient with Anti-phospholipid syndrome
utilising the CBF7 fusion partner.

A Northern blot analysis was performed on the monoclonal
autoantibody cell lines available using probes specific for the six human
VH gene families. The VH gene usage of the monoclonals is summarised
in Table 3.1. Northern blots hybridised with the VH gene family probes
are shown in fig 3.01-3.04. Eleven of the seventeen monoclonals used the
VH4 gene family, four used the VH3 family, one used VH2 and one used
VHS. Thus, 65% used the VH4 family, 23% used VH3. VH3 is the
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Table 3.1

Antigen specificity and id expression of monoclonal autoantibodies
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Monoclonals Sources Ag binding specificity V Gene usage | Id's expressed
RT16 SLE ss+dsDNA/Sm-Dpep10 VH4

RT5S SLE ssDNA/CDL/Sm-RNP/H1 VH4

RT79 SLE ssDNA/CDL VH4 9G4

RT129 SLE ss+dsDNA/CDL VH4

RT72 SLE ss+dsDNA/CDL/Sm-Dpep10 VH4 RT72id

RT6 SLE H1/Sm-RNP/T4 VH3 RT6id/16/6
RT84 SLE ssDNA/CDL VH4 RT84id/9G4
RT119 SLE H1/H2B/Sm-Dpep/SS-B VH4

RT83 SLE Sm-D/SS-B VHS

RT121 SLE Sm-D VH4

RSP18 SLE CDL/Sm-Dpepl6 VH2

WRI176 SLE ss+dsDNA VH3 WRI176id/16/6
VAR24 Polymyositis | S6KdRNP VH4

E3-MPO Vasculitis | MPO VH4 9G4

D5 (IgG) SLE ssDNA VH4 D5id/9G4

B3 (IgG) SLE dsDNA VH3 B3id/16/6
UK4 (1gG) APS CDL VH3 16/6




largest human VH gene family and if random VH gene usage occurred one
one expect 48% of antibodies to be VH3 encoded. All the monoclonal
antibodies with anti-DNA specificity derived from the patient “RT” were
VH4 encoded. The VH4 family is now regarded as the second largest VH
gene family and if random usage of this VH gene family occurred one
would expect 22% of antibodies to be VH4 encoded. It appears that there
is an overexpression of the VH4 gene family in the panel of autoantibodies
tested. The fusion partner GM4672 was utilised in the immortalisation of
the “RT”, “RSP”, WRI176 and VAR 24 monoclonals and is a low level
secretor of an IgG«k antibody. The VH4 encoded heavy chain of GM4672
was not detected by the VH4 probe (fig 3.03) therefore the VH4 gene bias
observed cannot be attributed to the presence of the GM4672 heavy chain.
The VH2 and VHS families were utilised by 6% of the monoclonals each.
The expected usage of these families on the basis of their complexity is
18% and 6% respectively, therefore VH2 has also been under-represented

in the panel of monoclonal autoantibodies tested.
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3.2 ANTI-DNA AUTOANTIBODIES ENCODED BY THE
YH4.21 GERMLINE GENE.

An idiotope designated 9G4 is known to be a marker for
immunoglobulins which utilise a particular VH gene, the VH4.21 gene
(Thompson etal 1991). The use of the VH4.21 gene appears mandatory
for antibodies reactive against the Ii carbohydrate antigen on the surface of
red cells (Pascual ef al 1991). These antibodies are known as cold
agglutinins (CA). The 9G4 idiotope is defined by the amino acid motif
Ala-Val-Tyr at amino acid positions 23-25 in FR1 of the VH4.21 VH
segment (Potter et al 1993). The 9G4 idiotope has been expressed on anti-
'DNA antibodies and has been identified in 45% of sera from patients with
~ SLE and in the disease lesions (Isenberg ezal 1993).

Four monoclonal autoantibodies in the panel reported were found to
be VH4.21 encoded, three anti-DNA antibodies including one of which
was of the IgG isotype, and one anti-myeloperoxidase (MPO) IgM
antibody. The anti-DNA antibodies were isolated from two SLE patients
with active disease and the anti-MPO antibody was isolated from a patient
with microscopic polyarteritis.

The nucleotide sequence of the VH region of the IgM anti-ssDNA
antibody RT79 indicated that it was identical to the VH4.21 germline gene
with no mutations (fig 3.05). The long D segment encodes 17 amino acids
and had a complex genetic origins DLR4 with some possible contributions
from DXP’1 and DLR5. The encoded amino acids of the CDR3 region
were predominantly basic with five arginine residues and only one acidic
residue aspartic acid and all the arginines appear to be contributed via N
region addition. The J region was unmutated JH3

RT79 variable light chain region aligned most closely at the
nucleotide level (99% homology) to the V«II expressed gene GMo607 (fig
3.06) also used by a cold agglutinin FS1 (Pascual etal 1991). One of the
two nucleotide differences from GM607 was common to the CA
monoclonal autoantibody FS-1 and RT79 which were both GM607

derived. The other nucleotide change from this gene gave rise to a
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Figure 3.05

VH4.21
RT79

VH4.21
RT79

VH4.21
RT79

VH4.21
RT79

VH4.21
RT79

VH4.21
RT79

VH4.21
RT79

VH4.21
RT79

RT79

JH3
RT79

JH3
RT79

RT79
DLR4
DXP'1
DLRS

GTACGGCGATCGGGTAGGGTAGTACCAGCTGCCCCTCGTAATAGGGAT

FR1

Q v Q L
cag gtg cag cta
P S E T
cct tcg gag acc

CDR1

G S F S
g8g tcc ttec apgt
P P G K
ccc cca ggg aag
H S G S
cat agt gga agec
FR3

R \4 T I
cga gtc acc ata
S L K L
tcc ctg aag ctg
v Y Y C
gtg tat tac tgt
v v P A
gta gta cca gct
A F D I
gct ttt gat atc
S S
tct tca

D ASSIGNMENT

A__A__
G_T G

RT 79 HEAVY CHAIN VARIABLE REGION

Q Q w G
cag cag tgg ggc

L S L T
ctg tcc ctec acc

G Y Y w
ggt tac tac tgg

G L E w
g8g ctg gag tgg

T N Y N
acc aac tac aac

S \4 D T
tca gta gac acg

N S \4 T
agc tct gtg acc

CDR3
A R \4 R
gcg aga
——— ——-- Bta cgg
A P R N

gee cct cgt aat

w G Q G
tgg ggc caa ggg

A G L
gca gga ctg

C A v
tge gect gtc

FR2
S w I
age tgg atc
CDR2
I G E

att ggg gaa

P S L
ccg tcec cte

s K N
tcc aag aac

A A D
gcc gcg gac

R S G
cga tcg ggt
R D
agg gat
T M v

aca atg gtc

TATG_C

L K
ttg aag
Y G
tat ggt
R Q
cgc cag
1 N
atc aat
K S
asg agt
Q F
cag ttc
T A
acg gct
R v
agg gta
T v
acc gtc
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Figure 3.06 RT 79 KAPPA CHAIN VARIABLE REGION
FR1
D I vV M T Q s P L s L P v

GM607 gat att gtg atg act cag tct cca ctc tcc ctg ccc gtc
RT79

CDR1
T P G E P A S I S C R s S
GM607 acc cct gga gag ccg gcc tcc atc tcc tgc agg tct agt
RT79

Q S L L H S N G Y N Y L D
GM607 cag agec ctc ctc cat agt aat gga tac aac tat ttg gat
RT79 --8

FR2
w Y L Q K p G Q>K s P Q L L
GM607 tgg tac ctg cag aag cca ggg cag tct cca cag ctc ctg
RT719 _ _ _ o o o o ol A _ i e o
CDR2 FR3
I Y L G S N R A S G v P D

GM607 atc tat ttg ggt tct aat cgg gecc tcec ggg gtc cct gac
RT79

R F S G S G S G T D F T L
GM607 agg ttc agt ggc agt gga tca ggc aca gat ttt aca ctg
RT79

K I S R \4 E A E D \{ G v Y
GM607 aaa atc agc aga gtg gag gct gag gat gtt ggg gtt tat
RT79 o o e e e e e M MMM M- -
CDR3
Y (o4 M Q A L Q T P R
GM607 tac tgc atg caa gct cta cas act cct **=
RT?79 _ _ _ __-g ¢

I>L T F G Q G T R L E I K R
JKS atc acc ttc ggg caa ggc aca cga ctg gag att aaa cga
RT79 c_ _ --8



Figure 3.07

VH4.21
RT84

VH4.21
RT84

VH4.21
RT84

VH4.21
RT84

VH4.21
RT84

VH4.21
RT84

VH4.21
RT34

VH4.21
RT84

RT84

JH6
RT84

JH6

RT84
DM1
DYAl

FR1

Q \4 Q L Q Q w G
cag gtg cag cta cag cag tgg ggc
P S E T L S L T
cct tcg gag acc ctg tecc ctec scc

CDR1

G S F S G Y Y w
gg88 tcc ttc agt ggt tac tac tgg
P P G K G L E w
ccc cca ggg aag ggg ctg gag tgg
H S G S T N Y N
cat agt gga agec acc asc tac aac
FR3

R \4 T I S v D T
cga gtc acc ata tca gta gac acg
S L K L S S v T
tcc ctg aag ctg agec tct gtg acc

CDR3

v Y Y C A R G R
gtg tat tac tgt gcg aga
mm= mme mmm mee o= ~--- BEBEC CEE
T K R

acg aag ageg

Y>H Y Y G M D v w
tac tac tac ggt atg gac gtc tgg
C o it et e e - ———
v T \4 S S

gtc acc gtc tcc tca

D REGION ASSIGNMENT

GGCCGGCGTATAACTGGAACGAAGAGGCAC

A
gca

cgt

ggc

G
gga

888

gcg

ata

K>Q
aaa
[+

L
ctg

act

G
888

RT 84 HEAVY CHAIN VARIABLE REGION

L K
ttg aag
Y G
tat ggt
R Q
cgec cag
I N
atc aat
K s
asg agt
Q F
cag ttec
T A
acg gct
G
ggs
T T
acc acg
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Figure 3.08 RT 84 KAPPA CHAIN VARIABLE REGION
FR1
D I Q M T Q s P s s L s A

O8/018 gac atc cag atg acc cag tct cca tcec tcc ctg tct gca
RT84

CDR1
N v G N R v T I T C Q>R A S
08/018 tct gta gga gac aga gtc acc atc act tgc cag gcg agt
RT84  _ _ |  _ _ _ o L CC . mml mmm el ZZZ o _B— - -
FR2
Q D I S>R N>1I Y L N>T w Y Q Q K
O8/018 capg gac att agc aac tat tta aat tgg tat cag cag aaa
RT84 _ __ ___ ___ __& _t_ ___ ___ _€_ ___ ___ ___ ___ ___
CDR2
P G K A P K L L I Y D A S

OB/O18 cca ggg aaa gcc cct aag ctc ctg atc tac gat gca tcc
RT84

FR3

N>K L E T G V>D P N R F N G S>T
08/018 aat ttg gaa aca ggg gtc cca tca agg ttc agt gga agt
RT84 __ & _ __ ___ _ . . _8_ ___ o e M e

G S G T D>V F T F T I S S L
08/018 gga tct ggg aca gat ttt act ttc acc atc agc agec ctg
RT84 _ _ _ _ __ __¢c ___ _t_ o . e ol e e e

CDR3

Q P E D I>F A T Y Y C Q Q Y>H
O8/018 cag cct gaa gat att gca aca tat tac tgt caa cag tat
RT84  _ _ _  _ __ ___ ___ bt il el i e B amm e

D N>H L P
08/018 gat aat ctc cct
RT84 ___ e¢c__ ___ ___

L T F G G G T K v E I K \4

JK4 ctc act ttc ggc gga ggg acc aag gtg gag atc aaa gta
RT84



replacement amino acid in FR2 and the JxS is unmutated apart from an
amino acid change from I (ATC) to L (CTC) at the junction with CDR3
which have been found in other Jx5 sequences (Hieter et al 1982).
However there is an insertion of an arginine residue between the CDR3
and the J region which could have arisen by N region addition and this
could affect interaction with the antigen

The VH region of the anti ssSDNA monoclonal RT84 had 100%
homology with the germline gene VH4.21 at the nucleotide level (fig
3.07). The CDR3 region encoded nine amino acids and arose from
contributions of Dyal and DM1 D region genes. There were three arginine
and one lysine residue within the CDR3 region of the VH region. The
framework four region was generated from JH6 with two replacement
mutations (Tyr>His, Lys>Gln).

The VL of RT84 had 94% homology to the Vk1 germline gene
08/018 (fig 3.08) (Scott ezal 1991). Unfortunately, the VL region of RT84
had 100% homology with the Vk1 encoded VL region expressed by the
fusion partner GM4672. GM4672 is a low level secretor of an IgG «
monoclonal antibody (Rioux etal 1993). The light chain was encoded by
the Vk1 member 08/018 (Scott et al 1991) and the heavy chain was
encoded by the VH4 member V71-2 (Kodaira et al 1986). Fourteen
monoclonals immortalised by fusion with GM4672 were sequenced and of
these six were encoded by the Vk1 subgroup, and none of them were
identical to the GM4672 kappa chain (Rioux et al 1993). The GM4672
fusion partner was used in the immortalisation of the “RT”, “RSP”,
WRI176, and VAR24 monoclonal antibodies. None of these monoclonals
(apart from RT84) treated in an identical manner gave rise to the GM4672
fusion partner Vk region. In fact, amplification of the GM4672 kappa
chain in preference of the Vk1 expressed by the donor B cell has never
been observed (M Newkirk personal communication). It is possible that

the PCR primers employed preferentially amplified the Vk of GM4672 or
that RT84 light chain is encoded by the same Vi as the fusion partner.

The heavy chain variable region of RT79 was compared to a panel
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Figure 3.09

IgM VH4.21 ENCODED ANTI-DNA HEAVY CHAINS COMPARED WITH
COLD AGGLUTININS WHICH DO NOT BIND DNA

VH4.21
FS-2
FS-3
FS-6
FS-7
RT79
RT84
NE1

VH4.21
FS-2
FS-3
FS-6
FS-7
RT79
RT84
NE1

VH4.21
FS-2
FS-3
FS-6
Fs-7
RT79
RT84
NE1

FS-2
FS-3
FS-6
FS-7
RT79
RT84
NE1

FR1 CDR1
QVQLQQWGAGLLKPSETLSLTCAVYGGS FSGYYWS
__H_____ T __D__ __
____H_ _ L __L___lT_____o_____m
FR2 CDR2
WIRQPPGKGLEWIG EINHSGSTNYNPSLKS
______________ __.D__1____
______________ —_—-Y_._..__..___..—.___.—.—
————————————————————————— L————
FR3
RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR

L
S «
EWGSGAYYPYY FDY JH4
GTRSWYPSD , FDY JH4
ALGDGSTEGLP DY JH4
GREQWLVRGG YFDY JH4
VRRSGRVVVPAAPRNRD AFDI JH3
GRRI TGTKR . HYYGMDV JHé6
RHVRPRVTR MDV JH6

The amino acid motif AVY in FR1 defines the 9G4 idiotope
(Potter et al 1993)
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of VH4.21 encoded cold agglutinins which did not bind DNA (Stevenson
et al 1993) (fig 3.09). On examination of these monoclonals, there
appeared to be differences within the CDR3 regions. RT79 had five
arginines within its CDR3 region which did not appear within the non-
DNA binding cold agglutinins.

The variable heavy chain region of RT84 had 100% homology with
VH4.21 and the content of the CDR3 region also reflects the pattern found
in RT79 VH region. The CDR3 region of RT84 consisted of nine amino
acids which is considerably shorter than the CDR3 region found in RT79.
However there are some features which were common to both regions, the
most significant being the preponderance of positively charged amino acids
found in the CDR3 regions of both of these monoclonals. Interestingly
both RT79 and RT84 had an arginine couplet at the 5° end of their CDR3
regions. It is likely that these residues arose by N addition. RT79 and
RT84 VH regions were also compared to the VH4.21 encoded anti-DNA
antibody NE1 (Hirabayashi et al 1993). NE1 VH region had 100%
identity with the VH4.21 germline gene and had four arginine residues
within the CDR3 region. The CDR3 regions of RT79, RT84 and NE1
contained at least one arginine couplet and apart from one aspartic acid
residues in the VH CDR3 region of RT79, there were no acidic amino acid
residues present. Interestingly, the CDR3 of the cold agglutinin FS-2
contained four tyrosine residues which are thought to aid binding to DNA
but did not bind DNA. The FR4 region in NE1 and RT84 was encoded by
JH6 gene segment and thus the heavy chain VH regions of NE1 and RT84
were very similar.

The VH region of the IgG anti-ssDNA antibody D5 was derived
from the VH4.21 gene (94% homology) (fig 3.10). There were 18
mutations from the germline sequence of which 11 encode replacement
amino acids. These were found both in the CDR’s and in FR3 and the R:S
ratios are 1.5 and 2.5 respectively which did not indicate any selection for
amino acid changes in the CDRs. The D segment of DS contained
elements derived from the DXP’1 gene with various additions. The

deduced fourteen amino acid sequence for the CDR3 region was again
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Figure 3.10 DS HEAVY CHAIN VARIABLE REGION
FR1
Q v Q L Q Q w G A G L L K

VH421 cag gtg cag cta cag cag tgg ggc gca gga ctg ttg aag
DS

P S E T L S L T C A \4 Y G

VH421 cct tcg gag acc ctg tcc ctc acc tgc gct gtc tat ggt
DS e e e e mm el m el e o

CDR1 FR2

G S F S>T G Y>H Y w S w I R Q

VH421 ggg tcc ttc agt ggt tac tac tgg agc tgg atc cgc cag
DS c -8 C__ . o o e e -

CDR2
P P G K G L E w I G E 1 N
VH421 ccc cca ggg aag ggg ctg gag tgg att ggg gaa atc aat
D5

H S G S T>A N>Y Y>F N»>S P S L K )
VH421 cat agt gga agc acc aac tac aac ccg tcc ctc aag apgt
D5 € o e __ B bt B e mm e e o
FR3
R v T>I I>M S v D T S K N Q F
VH421 cga gtc acc ata tca gta gac acg tcc aag aac cag ttc
DS T 0 O -
S L K> N L S>T S \4 T A A D T A
VH421 tcc ctg aag ctg agc tct gtg acc gcc gcg gac acg gct
DS e - - - S,
CDR3
\% Y Y>F C A R G A P N F G N
VH421 gtg tat tac tgt gcg aga
DS e m o .ttt ___ ___ ___ Bggc gcc cca aat ttc ggg aac

Y Y K A R R G
DS tat tat aaa gcg cgc cga ggc

w F D P w G Q G T L \{ T \4
JHS tgg ttc gac ccc tgg ggc cag gga acc ctg gtc acc gtc
D5

S S
JHS tcc tca
D5 e -
D ASSIGNMENT

D5 GGCGCCCCAAATTTCTTT* AACTATTATAAA
DXP1 TATTA_T_TGG G_GT C



basic with two arginines, one lysine and no acidic residues and the J region
was unmutated JHS

The heavy chain variable region of DS had marked sequence
similarity to the previously reported anti-dsDNA (T14) secreted by an
EBV-transformed B cell line from a patient with active SLE (Van Es et al
1991) (fig 3.11). T14 also utilised the VH4.21 gene segment and when
compared to D5 there were two common amino acid replacements in CDR1
and CDR2 and the CDR3s are each derived from DXP’1 in the same
reading frame leading to four common amino acids. Frequent usage of this
D segment gene by IgM anti-DNA has been noted previously (Cairns et al
1989). There are other similarities between D5 and T14 in CDR3 which
are difficult to assign for example, the common Arg-Gly residues at the 3’
end of the CDR3 region. This structural similarity between two
independent selected IgG anti-DNA antibodies suggest that the VH4.21
gene segment generates this specificity in a limited manner and if arginine
residues are important that they operate from CDR3 rather than from CDR1
or CDR2. In fact D5 had an arginine doublet at the 3’ end of CDR3
whereas T14 had only a single arginine which could affect DNA binding
affinity.

D5 VL region had 95.5% homology with the VIIIb family member
HumIGKVQ (fig 3.12) (Chen etal 1987). Of 13 mutations in the Vk of
D5 nine gave rise to replacements but five were in the CDRs and four in
the framework one and two. As with the heavy chain of DS, R:S ratios in
the light chain did not indicate a selective pressure on the CDRs and a
unmutated Jx5 is used. The replacement amino acids did not show
increased basicity although the CDR1 and CDR2 each had a substitution of
serine by asparagine whiéh might be relevant to the recognition of DNA
(Eilat ezal 1988).

In summary, three VH4.21 encoded anti-DNA antibodies were
analysed. The VH regions of the IgM anti-DNA antibodies RT79 and
RT84 had 100% identity with the germline gene VH4.21. Both contained

a preponderance of arginine and lysine residues in the VH CDR3 region.
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Figure 3.11

D5 IgG HEAVY CHAIN VARIABLE REGION COMPARED WITH T14 VH
REGION

FR1 CDR1
VH421 QVQLQQWGAGLLKPSETLSLTCAVYGGS FSGYYWS
D5 e _T_H_ __
T4 _ _ e __o_____ HF
FR2 CDR2
VH421 WIRQPPGKGLEWIG EINHSGSTNYNPSLKS
DS o ___ e _____ AYFS _ _ ___
T4 __ D_T_______ S _____
FR3
VH421 RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR
D5 __IM___________ N_T__________ F___
TG _ _ o ________ R_A__ __ ________
CDR3
DS GAPNFGNYYKARRG JHS

T14 GWPYYYGAGSYYKRG JH4



RT84 had remarkable similarity to the VH4.21 encoded anti-DNA antibody
NE1. These monoclonals used quite diverse Vk light chains.

The VH region D5, an IgG anti-DNA antibody, had 94% homology
with VH4.21 and also had positively charged amino acid residues in the
VH CDR3. D5 VH region had a strong similarity to the anti-DNA
antibody T14. The light chains of both D5 and T14 were V«IIIb encoded.
The CDR3 regions of RT79, NE1, D5, and T14 were derived from
contributions from the DXP’1 D segment. There appeared to be no

preferential usage with respect to JH utilisation.
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Figure 3.12 D5 KAPPA CHAIN VARIABLE REGION
FR1
E I vV L T Q s P G T L s L

IGKVQ gaa att gtg ttg acg cag tct cca ggc acc ctg tct ttg
D5

CDR1

S P G E>D R>G A T>S L S C R A S

IGKVQ tct cca ggg gaa aga gcc acc ctc tcc tgec agg gec apgt
Ds S N - SN

FR2

Q S \4 S>T S S>N Y L A w Y Q Q

IGKVQ cag agt gtt agc agec agc tac tta gcc tgg tac cag cag
DS Y -2 Z S N S S,

CDR2
K P G Q>H A P R L L I Y G A

IGKVQ aaa cct ggec cag gct ccc agg ctc ctc atc tat ggt gca
DS c

S S>N R A T G I P D R F S G
IGKVQ tcc agec agpg gcc act ggc atc cca gac agg ttc agt ggc

S G S G T D F T L T I S R
IGKVQ agt ggg tct ggg aca gac ttc act ctc acc atc agc aga
Ds

CDR3

L E P E D F A v Y Y o} Q Q>H

IGKVQ ctg gag cct gaa gat ttt gca gtg tat tac tgt cag cag

D5 U -
Y G S>T S P
IGKVQ tat ggt agc tca cct
DS e e e € _  ___ ___

T F G Q G T R L E I K R

JKS5 atc acc ttc ggc caa ggg aca cga ctg gag att aaa cga



120

3.3 AN _ ANTI-MYELOPEROXIDASE MONOCLONAL
ANTIBODY ENCODED BY THE VH4.21 GERMLINE GENE.

Circulating antibodies to myeloperoxidase are primarily associated
with pauci-immune glomerulonephritis and systemic vasculitis. Anti-MPO
antibodies belong to a group of autoantibodies, anti-neutrophil cytoplasmic
antibodies (ANCA) which have been suggested to play a pathogenic role in
vasculitis.

The monoclonal E3-MPO was generated from the peripheral blood
lymphocytes of a patient with microscopic polyarteritis and immortalised
using the CBF7 heteromyeloma fusion partner (Ehrenstein et al 1992).
E3-MPO was found to carry the 9G4 idiotope (Longhurst et al 1994)
which is a marker for the VH4.21 germline. E3-MPO has been shown
previously to be specific for the native form of human leucocyte
myeloperoxidase and not to an extensive panel of autoantigens (Ehrenstein
etal 1992).

The nucleotide sequence of the VH region of the IgM anti MPO
antibody E3 showed that it had 90% homology with the germline gene
VH4-21 at the nucleotide level (fig 3.13). The D region can be aligned to
two D elements DLR4 and D1. A JH3 region with one silent mutation was
utilised.

A summary of the replacement mutations in the amino acid
sequence of E3-MPO, assuming VH4.21 as the germline gene of origin, is
shown in table 3.2. In the framework regions, a total of nine replacement
mutations were present with only two resulting in a change to a negatively
charged residues, in both cases, glutamic acid. Framework one was
highly conserved having only one replacement mutation, glutamine to
glutamic acid which resulted in the gain of a negative charge. Framework
two had two replacement mutations (Pro>Ser, Gly>Glu) which resulted in
the gain of one negative charge. Framework three (FR3) had six
replacement mutations, none of which yielded charged residues. However
a positively charged lysine residue was replaced by a uncharged serine

residue resulting in the loss of a positive charge. In CDR1 there were
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. Figure 3.13 E3-MPO HEAVY CHAIN VARIABLE REGION
FR1
Q \4 Q L Q>E Q w G A G L L K
VH421 cag gtg cag cta cag cag tgg ggEC gca gga ctg ttg aag
E3 e e b B Cnl el bt _ € ___ ___
P S E T L S L T C A v Y G

VH42l cct tcg gag acc ctg tcc ctc acc tgec gct gtc tat ggt
E3 '

CDR1 FR2
G S F>L S G Y>F Y W S>T w I R Q
VH421 ggg tcc ttc agt ggt tac tac tgg agec tgg atc cgc cag
E3 - N -
. - CDR2
P>S P G>E K G L E w I G E I N>S
VH421 c¢cc cca ggg aag ggg ctg gag tgg att ggg gaa atc aat
E3 L S S PP SR S
H S>R G S>Y T N>D Y N P>T S L>1 K S
VH421 cat agt gga agc acc_aac tac aac ccg tcc ctc aag agt
E3 ——— & __ tat _ __ B__ ___ ___ &_® ___ &__ __o
FR3
R \{ T I S V>1 D T S>Y K N Q F>V
VH421 cga gtc acc ata tca gta gac acg tcc aag aac cag ttec
E3 e e e e e el Bl e A ___ .t __a g__
S L K>S L S S v T A A D T A>S

VH421 tcc ctg aag ctg agec tct gtg acc gcc gcg gac acg geot
E3 - _gt t

CDR3
v Y Y Cc A>V R S T H R S
VH421 gtg tat tac tgt gcg aga
E3 o€ ol e —mm— _t_ ___ agt scc cac cgg tcg
A F D v w G Q G T M v T \4

JH3 gcc ttt gat gtc tgg ggc caa ggg aca atg gtc acc gte
E3 t .

S S
JH3 tct tcg
E3 ——— __a
D REGION ASSIGNMENT

E3 . AGTACCCACCGGTCG
DLR4 _ X___G_T_

Dlrev A

4



three replacement mutations resulting in no gain or loss of charge. There
were six replacement mutations within CDR?2 including serine to arginine

and asparagine to aspartic acid. The CDR3 region contained five amino
acids and two were positively charged, namely histidine and arginine.

A panel of cold agglutinins were tested for anti-MPO activity and
were found to be negatiVe (Longhurst etal 1994). The VH sequence of
E3-MPO was compared to a panel of cold agglutinins which were also
encoded by VH4.21 but did not bind to myeloperoxidase (fig 3.14). RT79
was also negative for myeloperoxidase binding and E3-MPO had no anti-
DNA binding activity (Longhurst ez al 1994). A unique feature of these
monoclonals was the conserved framework one region. Analysis by Potter
etal (1993) revealed that a motif AVY within framework one defines the
9G4 idiotope. As this region was not mutated in E3-MPO and thus could
account for the expression of 9G4 by this antibody in spite of the presence
of replacement mutations in other areas of the VH region. The positively
charged residues found in RT79 VH CDR3 were not present in E3-MPO.
Myeloperoxidase is a highly basic molecule and thus it is possible that
negatively charged residues such as glutamic and aspartic acid could
enhance binding to such an antigen. However apart from a relatively

unique glutamic acid residue within framework one there did not appear to
be a preponderance of negatively charged residues within E3-MPO.

The nucleotide sequence of E3-MPO light chain variable region had
90% homology with the Vi1 germline gene 012 (fig 3.15) (Zachau et al
1993). A summary of the replacement mutations of E3-MPO compared
with 012 is shown in table 3.2. Framework two had three replacement
mutations, none of which yielded a change in charge. In framework three
two replacement mutations were present. A Jx1 gene segment was utilised
with four replacement mutations. CDR1 had three replacement mutations
one of which gave rise to a gain in positive charge (Ser > Arg ). CDR2 had
four replacement mutations, most significantly alanine was replaced by
negatively charged aspartic acid which could enhance binding to positively

charged myeloperoxidase. Three replacement mutations occurred in CDR3,
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Figure 3,14
E3-MPO HEAVY CHAIN VARIABLE REGION VERSES
MPO NEGATIVE COLD AGGLUTININS

FR1 CDR1
VH421 QVQLQQWGAGLLKPSETLSLTCAVYGGS FSGYYWS
E3-MPO _ _ _ _ _ E_ _ o ___ L__F__T
s __D___T
FS-2 __H_____ T _ _ o ______ __D____
FS-3 e D
FS-5 e L e
FS-6 . ___B_ e e Mmoo T
FS-7 L ______
RT?9 o e e e e

FR2 CDR2
VH4.21 WI RQPPGKGLEWI G EINHSGSTNYNPSLKS
E3-MPO ___S_E_ ______ S_R_Y_D__T_1I__
| I A _ o ______ S _____
Fs-2 _ _ _ _ _ _ ________ ___Db__TX_________
FS-3  _ _ _ _ __ ________ Y _ o _________
FS-5 o e e e e e e
FS-6  _ e e e e e e o2 L____
7 ___ ____ -~~~ ~~—~- -~ - -
RTO _____ T~ T~~~

FR3
VH421 RVTI SVDTSKNQFSLKLSSVTAADTAVYYCAR
E3-MPO _ r__Yy___v__S_________ S____V_
Fs-t _ _ _ _ _ A ______ NMN____T___L____G
Fs-2 _ _ _ o _______ L___ __
FS-3 e ________
FS-S  _ _ e ________
Fs-6 _ _ _ _ _ _ _ ________ Q_ _ _ o ______
Fss7  _ _ _
RT?9 e _______

CDR3
E3-MPO S THRS AFDV WGQGTMVTVSS JH3
FS-1 GQRGSGSDYRQGA .FDI _ _ L__1__ JH4
FS2 EWGSGAYYPYY .FDY _ __ _NL__ ___ JH4
FS3 GTRS WYPSD . FDY ___ L~~~ TH4
FSS GPYYIDDSSGYYPG e~ L___ "~ TH4
FS-6 ALGDGSTEGLP ..DY __R__L___F_ IH4
FS7 GREQWLVRGG YFDY _ ____ L__ JH4
RT79 VRRSGRVVVPAAPRNRD AFDI JH3

The amino acid motif AVY in FR1 defined the 9G4 idiotope

(Potter et al 1993)
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Figure 3.15
FR1
D I Q M T
02/012 gac atc cag atg acc
E3-MPO _ __ ___ ___ L___ ___
S v G D R
02012 tct gta gga gac aga
E-MPO _ __ ___ ___ ___ ___
Q S ) ¢ S>R S>N
02012 cag agc att agec age
E3MPO ___ ___ __._. _._g _at
P>A G K A P
02012 cca ggg aaa gcc cct
E3-MPO g _ _ ___ ___ ___ ___
FR3
S>T L Q>G s G
02/012 agt ttg caa agt ggg
E3MPO _c¢_ ___ 8B. _—o—o- _ ..
G N G T D-
02/012 gga tct ggg aca gat
E3MPO _ __ ___ ___ ___. ___
Q>L P E D F
02/012 caa cct gaa gat ttt
E3-MPO _t el m o e oo
Y S>N T>N P
02/012 tac agt acec cc
E3MPO ___ _a_ _a_ __¢c
W> R T F G Q
E3-MPO tgg acg ttc ggc caa
JK1 c

S

K>R
aag
- 8_

S S
tce tcc
T C
act tge
FR2

w Y
tgg tat
I Y>S
atc tat
I
R F
agg ttec
T 1
acegc atc
Y C
tac tgt
v E
glg gaa
_——— -8

E3-MPO LIGHT CHAIN VARIABLE REGION

L S
ctg tect
CDR1

R A
cCgg gca

Q Q>G
cag cag
--a gga
CDR2
A>D A
gect gca
_a_ __t

S G
agt ggec

S S
agc agt
e __€¢
CDR3

Q Q
caa cag

I K>N
atc aaa

$>G
agt
g-¢

cgt
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but no loss or gain of charge resulted from the amino acid changes.

The distribution of replacement mutations in the heavy and light
chain variable regions of E3-MPO assuming VH4.21 and 012 were the
germline genes of origin suggests that there was no evidence of an antigen
driven mechanism in the generation of this antibody

The utilisation of the VH4.21 germline gene in the generation of an
anti-MPO autoantibody shows that there could be a relationship between

anti-MPO antibodies, anti-DNA antibodies and cold agglutinins.
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Table 3.2

REPLACEMENT MUTATIONS IN E3 MPO V REGIONS

VH VL
‘'VH4.21 E3-MPO 02/012 E3-MPO
(Germline) (Germline)
FR1 GIn(P) > Glu(-ve) CDR1 Ser(P) > Arg(+ve)
Ser(P) > Asn(P)
CDR1 Phe(NP) > Leu(NP) Tyr(P) > Ser(P)
Tyr(P) > Phe(NP)
Ser(P) > Thr(P) FR2 GIn(P) > Gly(P)
Pro(NP) > Ala(NP)
FR2 Pro(NP) > Ser(P) Leu(NP) > Met(NP)
Gly(P) > Glu(-ve) Tyr(P) > Ser(P)
CDR2 Asn(P) > Ser(P) CDR2 Ala(NP) > Asp(-ve)

Ser(P) > Arg(+ve) Ser(P) > Val(NP)

Ser(P) > Tyr(P) Ser(P) > Thr(P)
Asn(P) > Asp(-ve) Gln(P) > Gly(P)
Pro(NP) > Thr(P)

Leu(NP) > Iso(NP) FR3 Thr(P) > Ser(P)

GIn(P) > Leu(NP)
FR3  Val(NP) > Iso(NP)

Ser(P) > Tyr(P) CDR3 Ser(P) > Gly(P)
Phe(NP) > Val(NP) Ser(P) > Asn(P)
Lys(+ve) > Ser(P) Thr(P) > Asn(P)
Ala(NP) > Ser(P) ,

Ala(NP) > Val(NP) Jk1 Trp(NP) > Arg(+ve)

Lys(+ve) > Arg(+ve)
Lys(+ve) > Asn(P)

(NP) = Non polar amino acid

(P) = Polar amino acid
(+ve) = Positive charge
(-ve) = Negative charge
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3.4 A MONOCLONAL AUTOANTIBODY ENCODED BY THE
GERMLINE GENE VH4.22

The IgM polyreactive monoclonal autoantibody RT72 was derived
from the splenocytes of a patient wth active SLE. RT72 bound to ss/ds
DNA, cardiolipin, histones H1 and H4, and SmD peptide 10 (Ravirajan et
al 1992)

The nucleotide sequence of the VH region of RT72 had 100% with
the germline gene VH4.22 (fig 3.16) (Sanz etal 1989). The CDR3 region
encoded twelve amino acids and appeared to be derived from a D-D fusion
between DXP4 and DM2. The CDR3 region contained two tyrosines, one
lysine, and one asparagine which could mediate binding to DNA and/or
cardiolipin. Unlike the VH4.21 encoded anti-DNA antibodies there were
no arginine residues present in the CDR3 region of RT72 VH. RT72
heavy chain CDR3 region also contained an aspartic acid residue which
may enhance binding to positively charged histones. The framework four
was encoded by unmutated JHS.

An anti-idiotypic reagent was produced using the RT72 monoclonal
and was found to be located on the heavy chain variable region. RT72 Id
was elevated in 12% of of SLE patients and in 50% of patients with
rheumatoid arthritis (Kalsi et al 1994). A panel of monoclonals (kindly
supplied by Jan Hillson) were tested for the expression of RT72 Id and
three 2B8, 2E7 and 3B8 were found to be positive (Kalsi ezal 1994). 2B8
and 2E7 were both encoded by the VH3 member VH26 and utilised a JH4
gene segment. 3B6 utilised the VHS member 51R1 and a JH3 gene
segment. The monoclonal 4D5 was negative for RT72Id and was encoded
by the VH3 germline gene 13-2 and a JH4 gene segment. The VH amino
acid sequences of these monoclonals are compared in figure 3.17. This
comparison showed that RT72Id was not VH gene family specific. The
VH26 derived 2B8 and 2E7 tested positive for RT72Id, however 4D5
which was also encoded by a member of the VH3 family was RT72Id
negative. This exercise illustrated the difficulty of mapping idiotypes

using linear amino acid sequences.
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Figure 3.16 RT 72 HEAVY CHAIN VARIABLE REGION

VH4.22
RT72

VH4.22
RT72

VH4.22
RT72

VH4.22
RT72

VH4.22
RT72

VH4.22
RT72

VH4.22
RT72

VH4.22
RT72

RT72

JHS
RT72

JHS
RT72

RT72
DXP4
DM2

FR1 )
E S G P G L \{ K P S E T L
gag tcg ggc cca gga ctg gtg aag cct tcg gag acc ctg

CDR1
S L T C T v S G Y S I S S
tcec ctc acc tgec act gtc tct ggt tac tcc atc agc agt

FR2
G Y Y w G w I R Q P P G K
ggt tac tac tgg ggc tgg atc cgg cag ccc cca ggg aag

CDR2 N
G L E w I G S I Y H S G S
gga ctg gag tgg att ggg agt atc tat cat agt ggg agce

FR3
T Y Y N P s L K S R v T I
acc tac tac aac ccg tcc ctc aag agt cga gtc acc ata

S v D T S K N Q F S L K L
tca gta gac acg tcc aag aac cag ttc tcc ctg aag ctg

S S v T A A D T A v Y Y C
agec tct gtg acc gcc gca gac acg gecec gtg tat tac tgt

CDR3
A R G Y Y D F w S G P G K
geg aga
- —— _._ gga tat tac gat ttt tgg agt ggt ccc gga aaa
N
aac
w F D P w G Q G T L v T v

tgg titc gac ccc tgg ggec cag gga acc ctg gtc acc gtec

D REGION ASSIGNMENT

GGATATTACGATTTTTGGAGTGGTCCGGAAAAAC



Figure 3.17
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RT72 VH REGION COMPARED WITH RT72 1d POSITIVE MONOCLONAL

VH REGIONS

FR1 CDR1 FR2
RT72 ESGPGLVKPSETLSLTCTVSGYSIS SGYYWG WI RQPPGK
28 ...G_V_Q_GGS_R_S_AA__FTF_ AMS _V__A___
27 ...G_V_Q_GGS_R_S_AA__FTF_ AMS _v__A__°_
36 ...AEVK__G_S_KIS_KG__ __FT wl_ _V__M___
D5 ...G___Q_GGS_R_S_AA__FTF _ AMS _V__A___
CDR2 FR3
RT72 GLEWI G SIYHSG. STYYNPSLKS RVTISVDTSKNQFSLKL
2B8 ____V_ A_SG_ G____AD_V_G _F__ _R_N___TLY_QM
27 ___ _V_ A_SG_ G____AD_V_G _F__ _R_N___TLY_QM
36 ____M_ I__PGDSD_R_S__FQ_ QG___A_K_I1_TAY_QW
4Ds ___ _V_ A_SG_TGD___PG_V_G QF___R_NA__SLY_QM
CDR3

RT72 SSVTAADTAVYYCAR GYYDF WS GP GK JHS

28 N_LR_E_ __ _ _ ___ K DVYGG JH4

2E7 N_LR_E________ K VGGDGF JH4

36 _ _LK_S_________ RRV JH4

4aDs N_LR_G AARVAAAGPYQL JH4
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Figure 3.18 RT 72 KAPPA CHAIN VARIABLE REGION
FR1
D I Q M>L Y Q S P S T>S P>L N A
HK102 gac atc cag atg acc cag tct cct tcc acc ccg tct gca
RT72  _ _ _ . o __ € ol __& ___ t__ _t_  ___ o___
CDR1
S v G D R v T 1 T C R A S

HK102 tct gta gga gac aga gtc scc atc act tgc cgg gecec agt
RT72

FR2
Q S I S S w L A w Y Q Q K
HK102 cag agt att agt agc tgg ttg gcc tgg tat cag cag aaa
RT72

. CDR2
P G K A P K L L I Y D>K A S
HKI102 cca ggg aaa gcc cct aag ctc ctg atc tat gat gcc tcc
RT72  _ _ _ _ __ o o e e e e a_g __a __t¢
FR3
S L E S G v P S R F S G S

HK102 agt ttg gaa agt ggg gtc cca tca agg ttc agc ggc agt

RT72 _ L L 8 o o e e e

G N G T E F T L T I S S L

HK102 gga tct ggg aca gaa ttc act ctc acc atc agc agc ctg

RT72 _ _ | o o e Mmool
CDR3

Q P D D F A T Y Y C Q Q Y

HKI102 cag cct gat gat ttt gca act tat tac tgc caa cag tat
RT72

N S Y S
HKI102 aat agt tat tct
RT72 e e e -

W>R T F G Q G T K v E I K R
JK1 tgg acg ttc ggc caa ggg acc aag gtg gaa atc aaa cgt

RT72 ¢



The nucleotide sequence of Vk region of RT72 had 97% homology
with the V1 germline gene HK102 (fig 3.18) (Bentley etal 1980) at the
nucleotide level. There were three replacement mutations within the
framework one region. None of these replacements gave rise to amino
acids that have been cited in aiding affinity to any of the autoantigens that
react with RT72 monoclonal. However, a replacement mutation in CDR2
converted aspartic acid to lysine resulting in the removal of negative charge
and the addition of lysine, an amino acid residue which could aid binding
to ssDNA. A Jk1 gene segment was utilised with one replacement
mutation where tryptophan was replaced by arginine, a positively charged
amino acid which could enhance DNA binding.

The Vk1 gene family is associated with the 31 anti-DNA associated
idiotype (Manheimer-Lory etal 1991). This Id is present in 80% of SLE
patients with anti-DNA activity. 31 positive immunoglobulins are deposited
in the skin and kidneys of SLE patients indicating a pathogenic subset.
The expression of 31 is not confined to Vk1 encoded antibodies and as
there is conservation of framework two regions between members of the
V1 subset and 31 positive members of the V3 and Vx4 families, 31 is
likely to be framework encoded. RT72 V«1 region was compared to a
panel of 3I Id positive light chains (fig 3.19). It is not known if RT72
carries the 31 idiotype. However RT72 Vk amino acid sequence has 100%
homology within the framework one and two with the panel of 3I positive
monoclonals reported by Manheimer-Lory et al (1991). It is extremely
likely RT72 is positive for this pathogenic idiotype.

RT72 VH region was totally germline encoded and the VL region
contained six replacement mutations. RT72 carried the heavy chain
associated RT72 idiotype which has been found elevated in the sera of SLE
and RA patients. It was possible that RT72 carried a second light chain
encoded idiotype, 31, which has been associated with pathogenic anti-

DNA antibodies.
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Figure 3.19

RT72 VK REGION COMPARED WITH 311d POSITIVE VK REGIONS

RT72

III-3R

III-2R
IC4
1-2a

RT72

m-3R

II-2R
IC4
1-2a

FR 1 CDR1
DI QLYQSPSSLSASVGDRVTITC RASQSISSWLA
_MT_ _ _ Q___D__NY_N
_______________________ S ¢ S
_______________________ _T_____K___
_________ F_______~~ = - """""R__T7T

FR2 CDR2 FR3
WYQQKPGKAPKLLIY KASSLES GVPSRFSGSGS
_______________ D__N__T _____1_____
________ v _____ A__T_Q. ___ - _ -—-—=—~—
_____________________ R ___ " ~"""6__
___________ vV___ P__T_Q_ ___"-"-°—°-_~--

CDR3

GTEFTLTI SSLQPDDFATYYC QQYNSYS Tk 1
_D__F__ _____ E_I1_____ ___DNLP Jx 4
_______________ v _TTT TK___AP Tk 1
_____________________ ___DTLP T« 4
I _LI__P T« 4




3.5 MONOCLONAL AUTOANTIBODIES ENCODED BY THE
VH4.18 GERMLINE GENE

RT5S5, an IgM monoclonal autoantibody was derived from the
splenocytes of a patient with active SLE. RTS55 had reactivity with
ssDNA, cardiolipin, Sm-RNP, and histone H1.

RT55 VH region had 100% identity with the germline gene VH4.18
(fig 3.20) (Sanz et al 1989). The CDR3 was composed of nine amino
acids including two positively charged amino acids (histidine and lysine)
and one negatively charged amino acid (glutamic acid). The CDR3 region

was composed of elements of DHQS52 and DM2. An unmutated JHS gene
was utilised.

The VH region of VAR24, an IgM monoclonal derived from a
polymyositis patient also had 100% homology VH4.18. VAR24 had
reactivity with 56 kD RNP but not with DNA. On comparison of RTS5
and VAR24, the differences between the two VH segments were not
marked (fig 3.21). VAR24 heavy chain CDR3 region consisted of twelve
amino acids. Two of these amino acids were charged, one positively
charged arginine residue and and one negatively charged aspartic acid.
RT55 heavy chain CDR3 region consisted of nine amino acids, three were
charged residues, two positively charged, histidine and lysine and one
negatively charged glutamic acid. Therefore the basicity of RTS5 VH
region is greater than that of VAR24 and this factor could influence affinity
to DNA. However VAR24 had four tyrosine residues within its CDR3

region. Tyrosine residues, thought to aid DNA binding were not able to
generate DNA affinity in VAR24.

RT55 Vk region had 98% homology with the germline gene
HSIGK10 (fig 3.22) (Jaenichen et al 1984). There were two replacement
mutations in framework one changing a valine residue to aspartic acid
which led to a gain in negative charge and a tryptophan residue to
glutamine. The two other replacement mutations occurred in the CDR3

region where phenylalanine was converted to serine and proline was
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Figure 3.20 RT 55 HEAVY CHAIN VARIABLE REGION
FR1
Q L Q L Q E s G P G L v

VH418 cag ctg cag ctg cag gag tcg ggc cca gga ctg gtg
RTS5

P S E T L S L T [of T \{ S

VH4.18 cct tcg gag acc ctg tcc ctc acc tgec act gtc tct

RTSS o L L o ol el e Ml e

CDR1 FR2

G s I S S s s Y Y w G w

VH4.18 ggc tcc atc agc agt agt agt tac tac tgg gge tgg
RTSS

R Q P P G K G L E w I G

VH4.18 cgc cag ccc cca ggg aag ggg ctg gag tgg att ggg
RTSS

1 Y Y S G S T Y Y N P S
VH4.18 atc tat tat agt ggg agc acc tac tac aac ccg tecc
RTSS

K s R v T I N v D T S K
VH4.18 aag agt cga gtc acc ata tcc gta gac acg tcc aag
RTSS

Q F N L K L S S v T A A
VH4.18 cag ttc tcc ctg aag ctg agc tct gtg acc gecc gca
RTS5 o L o e el e e et e —mm m -
CDR3
T A \/ Y Y o} A R H \} P K
VH4.18 acg gct gtg tat tac tgt gcg aga cat gtt cct aag
RTS55

RTS5 gag ccg gge gge

w F D P w G Q G T L \4 T
JHS tgg ttc gac ccc tgg ggc cag gga acc ctg gtc acc
RT5S

JHS tcc tca
RTSS

D REGION ASSIGNMENT

CATGTTCCTAAGTGGGAGCCGGGCGGC
DHQS2 c A
DM2 A AA

K
aag

N
aac

D
gac

w
tes

v
gtec
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Figure 3.21

RT55 VH REGION COMPARED WITH VAR24 HEAVY CHAIN.

FR1 CDR1
VH4.18 QLQLQESGPGLVKPSETLSLTCTVSGGSIS SSSYYWG
RTS5
VAR24

FR2 CDR2
VH4.18 WIRQPPGKGLEWIG SIYYSGSTYYNPSLKS
RTSS
VAR24

FR3
VH418 RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR
RTSS
VAR24

CDR3

RTS5 HVPKWEPGG JHS
VAR24 AAGYYDSSGYYR JH2
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converted to valine. There were no replacement mutations within the Jx2
region that was utilised by RT55 but there was one silent mutation.

HSIGK10 was also the germline origin of the monoclonal RT129
which binds to ss/ds DNA ( Ravirajan etal 1992). RT129 Vk region had
99% homology with HSIGK10. These light chain sequences were
compared (fig 3.23). RT129 Vk region had only one replacement mutation
within the framework one region where leucine was replaced by serine.
However, there were three replacement mutations within the Jx1 encoded
framework four region where tryptophan was converted to arginine,
glycine was replaced by phenylalanine and lysine was converted to
asparagine. The interesting feature in the comparison removal of a
positively charged residue within the RT'129 light chain in comparison to
that in RTS5. This is intriguing as RT129 has reactivity with dsDNA and
RTS5 does not. One would expect that a dsDNA binder would retain
positive charge if not gain such amino acid residues via somatic mutation.
It is likely that in the case of RT129 the dsDNA binding ability is
determined by the heavy chain variable region.

The VH region of VAR24, an IgM monoclonal derived from a
polymyositis patient had 100% homology VH4.18 (fig 3.24). VAR24 had
reactivity with 56 kD RNP but not with DNA. VAR24 CDR3 region
consisted of twelve amino acids. Two of these amino acids were charged,
one positively charged arginine residue and and one negatively charged
aspartic acid. The CDR3 region appeared to be encoded by a D21/9 D
segment. An unmutated JH2 gene segment was utilised

The VA region of VAR24 was not amplified by the PCR primers

available and therefore is not shown. It is possible that the VA region of

VAR24 was encoded by a VA germline gene not yet characterised.
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Figure 3.22 RT 55 KAPPA CHAIN YARIABLE REGION
FR1
V>D I W>Q M T Q s P s L L s A

HSIGKIO gtc atc tgg atg acc cag tct cca tcc tta ctc tct gca
RTSS . -
CDR1
S T G D R \4 T I S C R M S
HSIGKI0O tct aca gga gac aga gtc acc atc agt tgt cgg atg agt
RTSS o o ol el e Cm ) m me e e
FR2
Q G I S S Y L A w Y Q Q K
HSIGKI0O cag ggc att agc agt tat tta gcc tgg tat cag caa aaa
RTSS o L o o o e e e e e e ettt m e e
CDR2
P G K A P E L L 1 Y A A S
HSIGKI0 cca ggg @aaa gcc cct gag ctc ctg atc tat gect pca tcc
RTSS e e e e e e h i m e ML hmf d i i
FR3
T L Q S G v P N R F S G S
HSIGKIO act ttg caa agt ggg gtc cca tca agg ttc agt ggc agt
RTSS

G N G T D F T L T I S C L
HSIGKIO gga tct ggg aca gat ttc act ctc acc atc agt tgc ctg
RTSS o o o e o e e e e el m L L o mmm mm me
CDR3
Q S E D F A T Y Y C Q Q Y
HSIGKIO cag tct gaa gat ttt gca act tat tac tgt caa cag tat
RT55

Y S F>S P>V
HSIGKI0O tat agt ttc cct
RTSS ___ ___ _c_ gt_

Y T F G Q G T K L E I K R
K2 tac act ttt ggc cag ggg acc aag ctg gag atc aaa cgt

RTS55 a



Figure 3.23

RTSS VK REGION COMPARED WITH RT129 LIGHT CHAIN

FR1 CDR1
HSIGKI0 VIWMTQSPSLLSASTGDRVTISC RMSQGISSYLA
RTSS D_Q_ _ _ e e e Mmoo
RT129 _ _ _ _ _____ S o e ______
FR2 CDR2
HSIGK10 WYQQKPGKAPELLIY AASTLQS
RTSS  _ _ o o mmmmm o2
rRT129 Mo
FR3

HSIGKI0 GVPSRFSGSGSGTDFTLTISCLQSEDFATYYC
RTSS

RTI29 _____ _
CDR3
HSIGKI0 QQYYSFP
RTSS  _ _ _ _ _ SV
RT129

JK2 WTFGQGTKLEIKR
RTSS  _ _ _ o ____
RT129 R_ _F D K1
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Figure 3.24 VAR 24 HEAVY CHAIN VARIABLE REGION
FR1
Q L Q L Q E S G P G L v K

VH418 cag ctg cag ctg cag gag tcg gge cca gga ctg gtg aag
VAR24

P S E T L S L T C T v S G
VH418 cct tcg gag acc ctg tcc ctc acc tgec act gtc tct ggt
VAR24  _ _ | _ _ o o ol
CDR1 FR2
G S I S S S s Y Y w G w
VH418 ggc tcc atc agc agt agt agt tac tac tgg gge tgg atc
VAR2A4

R Q P P G K G L E w I G s
VH4.18 cgc cag ccc cca ggg aag ggg ctg gag tgg att ggg agt
VAR2A4

I Y Y s G s T Y Y N P s L

VH418 atc tat tat agt ggg agec acec tac tac aac ccg tcec cte

2N
FR3

K s R v T I S v D T S K N

VH4.18 aag agt cga gtc acc ata tcc gta gac acg tcc aag aac

VAR24

Q F N L K L S S v T A A D
VH4.18 cag ttc tcc ctg aag ctg agec tct gtg acc gcc gca gac
VAR24  _ _ _ | o o o o o e ez e
CDR3
T A \4 Y Y C A R A A G Y Y
VH4.18 acg gct gtg tat tac tgt gcg aga gca gcg ggt tac tat
VAR24 c

D s S G Y Y R
VAR24 gat agt agt ggt tat tac cgc

Y w Y F D L w G R G T L v
JH2 tac tgg tac ttc gat ctc tgg ggec cgt ggec acc ctg gtec
VAR24  _ _ |  _ _ | L Ll d e e mm mmm e m e mm oo
T v S N
JH2 act gtc ltcc tca
VAR24 _ __ ___ ___ ___
D REGION ASSIGNMENT

VAR24 GCAGCGGGTTACTATGATAGTAGTGGTTATTACCGC
D21/ TA TA



3.6 MONOCLONAL AUTOANTIBODIES ENCODED BY THE
VH71-2 GERMLINE GENE

RT129, an IgM polyreactive autoantibody was derived from the
splenocytes of a patient with active SLE. RT129 had reactivity with ss/ds
DNA and cardiolipin (Ravirajan et al 1992).

RT129 VH region had 95% homology to the germline gene VH71-2
(fig 3.25) (Lee etal 1987). There was one replacement mutation within
the framework one region changing valine to isoleucine. A serine residue
was replaced by a glycine residue in the CDR1 region. Framework two
contained one replacement mutation converting proline to a positively
charged histidine. Asparagine was replaced by tyrosine in the CDR2
region. Two replacement mutations occurred in framework three.
Positively charged lysine was replaced by isoleucine and asparagine was
converted to serine. The CDR3 region was composed of eleven amino
acids including two positively charged amino acids arginine and lysine.
The CDR3 region appeared to be derived from the D elements DXP’4 and
DM2. The framework 4 region was composed of a JHS gene which
contained two mutations, one gave rise to a replacement mutation where
histidine was replaced by asparagine.

Interestingly two other autoantibodies derived from this germline
gene are described in the literature and these autoantibodies are dsDNA
binders. The heavy chain variable regions of these monoclonals have
been compared to RT129 (fig 3.26). The sources of these monoclonals are
also of some interest. Two of these antibodies are of the IgM isotype,
BEG-2 was derived from fetal liver lymphocytes and binds to ss/ds DNA
(Watts etal 1991) and the IgG monoclonal 2A4 binds dsDNA and was
derived from myeloma bone marrow lymphocytes (Davidson et al 1990).
The mutations in framework one from glutamic acid to glutamine and from
valine to isoleucine are common to all of the monoclonals. It is perhaps
significant that glutamic acid is replaced by glutamine as this mutation
removes negative charge and glutamine has been sited as an important

amino acid residue in antibody/ DNA interactions (Seeman et al 1976).
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Figure 3.25 RT 129 HEAVY CHAIN VARIABLE REGION
FR1
Q v Q L Q E W G P G L v K

HV71-:2 cag gtg cag ctg cag gag tcg ggec cca gga ctg gtg aag
RT129 _

P S E T L s L T C T v s G
HV71-2 cct tcg gag acc ctg tcc ctc acc tge act gtc tct ggt
RT129

CDR1 FR2
G S V>1 S S G S$>G Y Y w S w
HV71-2 ggec tcc gtc agc agt ggt agt tac tac tgg agec tgg atc
RTI129 _ _ _  ___ 8 _t | ___ Cc Beoe mmm e e M
CDR2
R Q P>H P G K G L E w I G Y
HV71-2 cgg cag ccc cca ggg aag gga ctg gag tgg att ggg tat
RTI29 _ _c¢ _ __ _@a_ ___ _ ¥ o __€ it 2 e
I Y Y S G S T N>Y Y N P S L
HV71-2 atc tat tac agt ggg agc acc aac tac aac ccc tcc cte
RTI29  _ _ _ o e o m mm et e b Cm et 2B e
FR3
K S R v I T S v D K S K>I N>S
HV71-2 aag agt cga gtc acc ata tca gta gac acg tcc aag aac
RTI129 ___ ___ ___ __t ___ ___ L__ e e e __a _ta _g_
Q F N L K L S N v T A A D
HV71-2 cag ttc tcc ctg aag ctg agc tct gtg acc gect gecg gac
RTI29  _ _ | _ __ L o ol mem M Mt Mt _ e L -
CDR3
T A v Y Y C A R G L L R F
HV71-2 acg gcc gtg tat tac tgt gcg aga
RTI129 _ _ _ _ __ ___ 0 e @ mme M ___ Bga tta tta cga ttt

L E w S G K
RTI29 ttg gag tgg tcc gga aaa

H>N w F D P w G Q G T L v T
JHS cac tgg ttc gac ccc tgg gge cag gga aac ctg gtc acc
RT129 & _ _  _ _ _  _ _ ol i e B e amm el
A\ S N
JHS gtc tcc tca
RTI129 _ _ _ ___ ___

D REGION ASSIGNMENT

RT129 GGATTATTACGATTTTTGGAGTGGTCCGGAAAA
DXP4 TA TA
DM2 ccC



RT129 has a unique replacement mutation with in framework two from
proline to histidine introducing a positive charge. However, BEG2 and
2A4 had common mutations in CDR2 from tyrosine to arginine and
tyrosine to threonine which did not occur in RT129. A unique amino acid
motif derived from replacement mutations occurs in 2A4 was not found in
either BEG-2 or RT129 where a stretch serine-threonine-asparagine are
converted to asparagine-isoleucine-lysine, thus introducing positive charge
which is not present in the IgM monoclonals. The CDR3 regions of these
monoclonals were quite different from each other. BEG-2 has only two
amino acids in this region (glutamine and serine) suggesting that unlike
other anti-DNA antibodies described, this particular region of the antibody
may not be making a significant contribution to DNA binding. RT129
CDR3 region was encoded by eleven amino acids which is significantly
shorter than that of 2A4 which consists of seventeen amino acids. 2A4
has two arginines and a lysine within this region and RT129 has one
arginine and one lysine. As 2A4 is an IgG anti-DNA antibody which is
the isotype most likely to be associated with pathogenesis, it is likely to
have a higher affinity for DNA than either RT129 or BEG-2. However the
presence of positively charged residues within the CDR3 region of RT129
and the fact that this monoclonal was isolated from an SLE patient with
active disease could suggest that perhaps RT129 has a higher affinity for
DNA than BEG-2 which was derived from a fetal source. It is well
established that polyreactive autoantibodies of the IgM isotype which occur
in early ontogeny are low affinity binders to autoantigens. 2A4 carries the
heavy chain associated idiotype F4. F4 was found to be highly associated
with anti-DNA antibodies of the IgG isotype (Davidson etal 1990). F4
anti-idiotype recognises heavy chains on anti-DNA antibodies in 60% of

SLE patients (Davidson etal 1990). RT129 has not been tested for F4
idiotype expression.

The light chain variable region of RT129 had 99% homology to the
germline gene HSIGK10 (fig 3.27) (Jaenichen etal 1984). RT129 V«

region had only one replacement mutation within the framework one
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Figure 3.26

RT129 VH REGION COMPARED TO BEG-2 AND 2A4 HEAVY CHAINS

VH71-2
BEG-2
RT129

2A4

VH71-2
BEG-2
RT129

2A4

VH71-2
BEG-2
RT129

2A4

BEG-2
RT129
2A4

BEG-2
RT129
2A4

FR1

FR2

CDR1
QVQLQESGPGLVKPSETLSLTCTVSGGSVS SGSYYWS
___________ Q____________Y_  _______
___________ Q_ _ _ _ ________Y_ __G____
___________ Q__ _ _________1_ __N____
CDR2

WIRQPPGKGLEWIG YIYYSGSTNYNPSLKS

e __ R__T_ __ _ _ o ______

_________________ Y o _-_

G R_DT NIK

FR3

RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR

CDR3

Qs

GLLRFLEWSGK
DSIMGEIARGPRAKGQG

HWFDPWGQG.TLTVSS
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region where leucine was replaced by serine. However, there were three
replacement mutations within the Jk1 encoded framework four region
where tryptophan was converted to arginine, glycine was replaced by
phenylalanine and arginine was replaced by aspartic acid.

'In conclusion, the germline gene VH71-2 could have an association

with anti-dsDNA binding
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Figure 3.27 RT 129 KAPPA CHAIN VARIABLE REGION
FR1
v I w M T Q S | 4 S L>S L S A
HSIGKI0O gtc atc tgg atg acc cag tct cca tcc tta ctc tct gca
RTI29  _ _ | _ _ | ___ ___ e e o o e €€ __ B e mm
CDR1
S T G D R v T 1 S (o R M s
HSIGKI0 tct aca gga gac aga gtc acc atc agt tgt cgg atg agt
RT129 _ _ o L o L o o e o e e e me e e
Q G I S S Y L A w Y Q Q K
HSIGKI0 cag ggc att agc agt tat tta gcc tgg tat cag caa aaa
RT129  _ _ | _ L L o o e mmm e
CDR2
P G K A P E L L I Y A A S
HSIGKIO cca ggg aaa gcc cct gag ctc ctg atc tat gect gca tcc
RTI2Y _ _ _ o ol o et de e e e
FR3
T L Q S G \4 P S R F S G S
HSIGKI0O act ttg caa agt ggg gtc cca tca agg ttc agt ggc agt
RT129 | _ _ o C o ol C e M m il m 2l met mmm mmm e
G S G T D F T L T I S C L
HSIGKI0 gga tct ggg aca gat ttc act ctc acc atc agt tgc ctg
RT129 et e e e e e e e L et e -
CDR3
Q S E D F A T Y Y C Q Q Y
HSIGKIO cag tct gaa gat ttt gca act tat tac tgt caa cag tat
RT129 _ _ | L o i i e e i it et . ==
Y S F P
HSIGKI0O tat agt ttc cct
RT129 _ __ ___ ___ _—_--
W>R T F G>F Q G T K v E I K R>D
JK1 tgg acg ttc ggc caa ggg acc aag gtg gaa atc aaa cgt
RTM29 ¢ __ __ . ___ tt_ _ __ ___ ___. o ;e mme e m—— BA_




3.7 MONOCLONAL ANTI-DNA ANTIBODIES ENCODED
BY THE 56P1 GERMLINE GENE

WRI176 VH region, an IgM anti-dssDNA monoclonal derived from
an SLE patient had 97.3% homology with the germline gene 56P1 (fig
3.28). This VH3 member was derived from a 130 day old fetus
(Schroeder etal 1987). There are three replacement mutations away from
the germline sequence S6P1 resulting in glutamine replacing glutamic acid
in framework one, glycine replacing alanine in CDR1 and tryptophan
replacing serine. The replacement of glutamic acid with glutamine in
framework one resulted in the removal of negative charge and the
generation of an amino acid which could improve affinity to DNA. The
CDR3 region of WRI176 which contained three arginine residues, was
derived from contributions of DK1 and DXP’1 D genes. The presence of
arginines in VH CDR3 regions was described earlier in relation to anti-

DNA antibodies encoded by the VH4.21 germline gene. An unmutated
JH3 gene segment was utilised.

WRI176 VH region was compared and three other anti-DNA
antibodies encoded by 56P1 germline gene (fig 3.29). These were the
IgM III3R, the IgG 1-2a (Manheimer-Lory etal 1991) and the IgG 19-E7
(Winkler et al 1992). This comparison revealed that all these antibodies
have at least one positively charged amino acid residue within the CDR3
region, although only WRI176 had arginine residues in the couplet motif
described in the VH4.21 encoded anti-DNA monoclonals. There did not
seem to be any replacement mutations which were common to two or more
of the 56P1 encoded heavy chain variable regions. There appears to be
much evidence to suggest the importance of CDR3 arginines in
antibody/DNA interactions. Interestingly, the IgM III3R also utilised the
DXP’1 D gene in the generation of its CDR3 region. The 56P1 encoded
monoclonal anti-DNA antibodies compared used diverse JH genes.

The light chain variable region of WRI176 had 98% homology with
the Vk 3a member KV328 (fig 3.30). Two replacement mutations
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Figure 3.28 WRI 176 HEAVY CHAIN VARIABLE REGION
FR1
L V E>Q S G G G v v Q P G R

56P1 ctg gtg gag tct ggg gga ggec gtg gtc cag cct ggg age
WRI176 c

S L R L S C A A S G F T F
S56P1 tcc ctg aga ctc tcc tgt gca gcc tct gga ttc acc ttece
WRIIT6 _ _ _  _ _ _  ___ o o r o B Mmoo
CDR1 FR2
S S Y A>G M H w v R Q A P G

56P1 agt agec tat gct atg cac tgg gtc cgec cag gct cca ggc
WRI176 _gc¢

CDR2
K G L E w v A v I S>W Y D G
5Pt aag ggg ctg gag tgg gitg gca gtt ata tca tat gat gga
WRIN76 _ _ _ _ _ _ _ __ o o o M mmt e _BB e e o
FR3
S N K Y Y A D S v K G R F
tc

56PI agc aat aaa tac tac gca gac tcc gtg aag gge cga t
WRI176 t t

T I S R D N S K N T L Y L
56P1 acc atc tcc aga gac aat tcc aag aac acg ctg tat ctg
WRI176

Q M N S L R A E D T A v Y
5P1 caa atg aac agc ctg aga gct gag gac acg gct gtg tat
WRII76 _ _ _  _ _ _ . o ol € __ . ___ o o ___ __--

CDR3

Y C A R E R R S A M A P R
56P1 tac tgt gcg aga :

WRII7T6 ___ ___ ___ ___ gaa cgg cgg tca gct atg gcc ccg age

A F D I w G Q G T M \% T v
JH3 gct ttt gat atc tgg gge caa ggg aca atg gtc acc gte
WRIIT6  _ _ _  _ _ _ o o o Ml ol o oam—-

S S
JH3 tct tca
WRI176

D REGION ASSIGNMENT

DKi C_GGC_AT____
WRI176 GAACGGCGGTCAGCTATGGCCCCGAGG
DXP'1 GTATTA TT_G_GGA

DK4 GT_GATA TTA_



Figure 3.29

WRI176 HEAVY CHAIN VARIABLE REGION COMPARED WITH
56P1 ENCODED ANTI-DNA HEAVY CHAINS

56P1
WRI176
III-3R
19-E7
1-2a

56P1
WRI176
OI-3R
19-E7
1-2a

56P1
WRI176
OI-3R
19-E7
1-2a

WRI176
I-3R
19-E7

1-2a

FR1 CDR1
LVESGGGVVQPGRSLRLSCAASGFTFS SYAMH
QL __G__

_______ L ___ G6______ """ "“"R_S

___________________________ __G_D

___________________________ _SP_H

FR2 CDR2

WVRQAPGKGLEWVA VISYDGSNKYYADSVKG
w

I T_LCI N_KQ___E___V_____
R R

FR3
RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAR
L _A_S_ o _________
L_____SA_TS____S______________s
CDR3 ,

ERRSAMAPR AFDIWGQGTMVTVTSS
GRMWERWFGESPP FDYWGQGTLVTVSS
EINCYGGFH YYNYGMDVWGQGTTVTLSS

PGKVEKWELP FDYWGQGTLVTVSS

JH3
JH4
JH6
JH4
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occurred in framework one where alanine was replaced by serine and
threonine was replaced by serine. Proline was replaced by arginine in
CDR3. An unmutated Jx5 gene segment was utilised.

All the 56P1 encoded monoclonal anti-DNA antibodies utilised Vk
encoded light chains. The IgG 19-E7 used a V3 region as did WRI176 in
the generation of its light chain.

In conclusion, there may be some evidence that some 56P1 encoded
anti-DNA antibodies contain positively charged amino acids in the VH
CDR3 regions in similar configuration to that seen in VH4.21 encoded

anti-DNA antibodies
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Figure 3.30 WRI 176 KAPPA CHAIN VARIABLE REGION
FR1
E 1 A\ M T Q S P A>S T>S L S v
Kv328 gaa ata gtg atg acg cag tct cca gcc acc ctg tct gtg
WRII7T6 _ _ _ _ __ ___ ___ __€© ___ ___ ___ t__ t__ ___ ___ ___
CDR1
S P G E R A T L S C R A S
KV328 tct cca ggg gaa aga gcc acc ctc tcc tgc agg gecc agt
WRILT6  _ _ _  _ _ _  _ _ o e e e e mmm e o
FR2
Q S v S s N L A w Y Q Q K
KV328 cag agt gtt agc agc aac tta gcc tgg tac cag cag aaa
WRIIT6 _ _ _ L L L o e mmc mme mme e e e
CDR2
P G Q A P R L L I Y G A S
KV328 cct ggc cag gct ccc agg ctc ctc atc tat ggt gca tcc
WRIIT6 _ _ _  _ _ _ _ __ ___ ___ o . ol il ol e e emm
FR3
T R A T G I P A R F S G S
KV328 acc agg gcc act ggc atc cca gcc agg ttc agt ggec agt
WRIIT6  _ _ _  _ __  _ __ . oL ol Cml e i e e mm e
G S G T E F T L T I S S L
KV328 ggg tct ggg aca gag ttc act ctc acc atc agc agec ctg
WRIL?6 _ _ _  _ _ _  _ _ L ol l o mn mmm mmh mme M i e M —e
- CDR3
Q S E D F A v Y Y C Q Q Y
KV328 cag tct gaa gat ttt gca gtt tat tac tgt cag cag tat
WRIIT6 _ _ _  _ _ _  _ __ ___ s ol mml e e iz e
N N w P P>R
KV328 aat aac tgg cct ccg
WRIl?6 ___ ___ ___ ___ cg¢
T F G Q G T R L E I K R
JKS acc ttc ggec caa ggg aca cga ctg gag att aaa cga

WRI176




3.8 MONOCLONAL AUTOANTIBODIES ENCODED BY THE
VYH26 GERMLINE GENE

The VH3 germline gene VH26 is known to be closely associated
with the 16/6 idiotype which is elevated in the sera of patients with active
SLE as compared to those with inactive disease. Three monoclonal
autoantibodies in the panel available for study were VH26 encoded.

The anti histone monoclonal RT6 VH region had 98% homology
with the VH3 germline gene VH26 at the nucleotide level and 96% at the
amino acid level (fig 3.31) (Schroeder et al 1987). There are four
replacement mutations. Arginine was replaced by threonine and serine
was converted to proline in framework one, lysine was replaced by
arginine in framework two and threonine was converted to alanine in
CDR2. The CDR3 region was encoded ten amino acids and appeared to
be derived from a D-D fusion between D1 and DK1 D elements. The JH
region was encoded by an unmutated JH4. This monoclonal had no DNA
binding reactivity.

WRI170 is one of two anti-histone antibodies reported by Tuaillon
et al (1994). This monoclonal utilised a VH3 germline gene V3-9
(Matsuda etal 1993). The CDR3 region of WRI170 was generated from
contributions from D21/9 and DIR2 . A JH1 gene segment was utilised.

The VH regions of RT6 and WRI170 were compared in figure
3.32. The VH region of WRI170 appeared to be more cationic than the
VH region of RT6. The cationicity of the variable regions dependent on
the frequency of positively charged amino acid residues present. Two
arginine residues were present in the framework one region of WRI170
which did not occur in RT6. The presence of negatively charged amino
acid residues in the variable regions of murine anti-histone antibodies has
been observed. In particular a concentration of such residues were
observed in the VH CDR2 region. Neither WRI170 nor RT6 had a
preponderance of negativély charged residues in CDR2. The CDR3 region
of WRI170 which contained two aspartic acid residues and one glutamic

acid residue was more anionic than RT6
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Figure 3.31 RT 6 HEAVY CHAIN VARIABLE REGION

FR1

E v Q L L E S>P S G G G L v
VH26 gag gtg cag ctg ttg gag tct tct ggg gga ggec ttg gta
RT6  _ _ _ ___ ___ __t ___  ___ €__ o M mmm_—=___

Q P G G S L R>T L C C A A S
VH26 cag cct ggg ggg tcc ctg aga ctc tcc tgt gca gcc tct
RT6  _ _ _ _ __ ___ ___ ___ __€ _C_ ___ ___ o e e —_

CDR1 FR2
G F T F S>T S Y A M S w v R

VH26 gga ttc acc ttt agc agec tat gcc atg agec tgg gtc cge

RT6  _ _ _ o o o € e mmt e e e e o
CDR2

Q A P G K>R G L E w v S A I

VH26 cag gct cca ggg aag ggg ctg gag tgg gtc tca gct att

RT6 -8

S G S G G S T>A Y Y A D S v

VH26 agt ggt agt ggt ggt agc aca tac tac gca gac tcc gtg

RT6 e e e e e e e e B e e e e e e
FR3

K G R F T 1 S R D N S K N

VH26 aag ggec cgg ttc acc atc tcc aga gac aat tcc aag aac

RT6

T L Y L Q M N S L R A E D
VH26 acg ctg tat ctg caa atg aac agc ctg aga gcc gag gac
RT6

CDR3
T A v Y Y C A R \4 G G I A
VH26 acg gcc gta tat tac tgt gcg aaa
RT6 _ __ ___ 0 e e M ——_ __. gtc pgpgt ggt ata gca
\{ A G T A
RT6 gtg get ggt acg gect
D Y w G Q G T L \{ T \{ S S

JH4 gac tac tgg ggc cag gga acc ctg gtc acc gtc tcc tca
RT6

D REGION ASSIGNMENT

RT6 GTCGGTGGTATAGCAGTGGCTGGTACGGCTGACTAC
D1 TAT G TA_A

DK1 ) T A A



Figure 3.32

RT6 HEAVY CHAIN VARIABLE REGION COMPARED

WITH WRI1170 VH REGION ‘
FR 1 CDR1
RT6 EVQLLEPGGGLVQPGGSLTLCCAASGFTFT SYAMS
WRI170 VM_ _V_Ss__ R__R__S___ ____ N D_PLH
FR2 CDR2
RT6 WVRQAPGRGLEWVS AISGSGGSAYYADS VKG
WRI70 ___ _P_ _K____S_ G__WMNS__I1G_______
FR3
RT6 RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK
WRI70 _ _ A__S_ L_____
CDR3
RT6 VGGI AVAGTA DYWGQGTLVTVSS JH4

WRI170 GPPGYYDSSEPSD EYFQ JH1
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Figure 3.33 RT 6 LIGHT CHAIN VARIABLE REGION
FR1
Q s A L T Q P A S vV s G s

DPLI1 cag tct gecc ctg act cag cct gcc tcc gtg tct ggg tcet
RT6 e e e e e e el o
CDR1

P G Q S I T I S C T G T s
DPLI1 cct gga cag tcg atc acc atc tcc tgc act gga acc age
RT6 e e e e e e m e mmmmm o2

FR2

S D v G G Y N y v s w Y Q
DPLI1 agt gac gtt ggt ggt tat aac tat gtc tcec tgg tac caa
RT6

Q H P G K A P K L M I Y E>D
DPLIl cag cac cca ggc aaa gcc ccc aaa ctc atg att tat gag
RT6 t

FR3
v S N R P S G v S N R F N
DPLI1 gtc agt aat cgg ccc tca ggg gtt tct aat cgc ttc tct
RT6 __g

G S K N G N T A S L T I S

DPLIl ggc tcc aag tct ggc aac acg gcc tcc ctg aca atc tct
RT6 Y S
CDR3

G L Q A E D E A D Y Y [} S

DPL1l ggg ctc cag gct gag gac gag gct gat tat tac tgc age
RT6

S Y T S S S T L G w

DPLIl tca tat aca agc agec agec act ctc **+ ss2

RT6 e et e eem mee e —w- €ttt gzzpg tgp
F G G G T K>Q L T v L G
t t g8t

JL2 ttc ggc gga ggg acc aag ctg acc gtc ¢
RT6 - _ c _ c c



Figure 3.34

RT6 VARIABLE LIGHT CHAIN REGION COMPARED WITH WRI170
LIGHT CHAIN

FR1 CDR1
DPL11l QS ALTQPASVSGSPGQSITISC TGTSSDVGGYNYVS
RT6

WRI170 _ _ _ _ _ _ _ _ _ o ______ __P__P____KPI _
FR2 CDR2 FR3
DPL11l WYQQHPGKAPKLMIY EVSNRPS GVSNRFSGSKS
RT6é _ _ _ _ _ _ o ______ D_ e o ________
WRI170 _ _H_ _ _ _T___ ____ I RGMQR_ _ _PD__ __ ___
CDR3
DPL11l GNTASLTI SGLQAEDEADYYC SSYTSSSTL.
RT6 e e e e o - GW J a2
WRI170 R_N S I )
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RT6 VA region had 99% homology to the germline gene DPL11
(fig 3.33) (Williams & Winter 1993). There was one replacement mutation
in CDR2 where glutamic acid was replaced by aspartic acid. Two amino
acids, glycine and tryptophan arose by N addition at the VA-JA junction. A
JA2 gene segment was utilised with one replacement mutation converting
lysine to glutamine.

RT6 VA region was compared with the VA light chain of WRI170
(fig 3.34). It was intriguing to see that as with the comparison between the
heavy chains of these antibodies, WRI170 light chain was more cationic
than RT6 light chain. The CDR1 region of WRI170 contained one lysine
residue in instead of the asparagine residue seen in RT6. WRI170 had two
arginines in CDR2 Qhere RT6 had only one. In addition RT6 CDR2
contained a negatively charged aspartic acid residue not present in
WRI170. An arginine residue was also present in the framework three
region of WRI170 in place of glutamine in RT6.

The nucleotide sequence of the heavy chain of the IgG anti-dsDNA
antibody B3 revealed that it had 93.5% homology with the germline gene
segment VH26 (fig 3.35) (Chen et al 1988). The D region could be
aligned to the D gene segments DXP’1 and DHQ52. The CDR3 region
contained six amino acids including one asparagine residue. There were no
charged residues present in the CDR3 region. A summary of the
replacement mutations seen in B3 V regions is shown in table 3.3. There
was a replacement mutation in CDR2 from serine to arginine which
resulted in a gain in positive charge. Lysine was replaced by glutamine at
position 65 where a positive charge was lost. There were nine other
replacement mutations within the VH region none of which lead to any
change in charge. The framework four region consisted of an unmutated
JH4 gene segment.

The nucleotide sequence of the VA region of the IgG anti-dsDNA
antibody B3 indicated that it had 96% homology with the germline gene
DPL11 (fig 3.36) (Williams & Winter 1993). There was a total of seven

replacement mutations away from the germline sequence, these mutations
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Figure 3.35 B3 HEAVY CHAIN VARIABLE REGION
FR1
E v Q L L>V E s G G G L v Q

VH26 gag gtg cag ctg ttg gag tct ggg gga ggec ttg gta cag
B3 _ 8. -

P G G S L R L S o} A A>S S G
VH26 cct ggg ggg tcc ctg aga ctc tcc tgt gca gcc tect gga
B3 Y I 1 - SN

CDR1 FR2

F T F $>I S8>T Y A M s w \{ R Q
VH26 ttc acc ttt agc age tat gecc atg age tgg gtc cgec cag
B3 e A -2

CDR2

A P G K G L E w v S A>T I S
VH26 gct cca ggg aag ggg ctg gag tgg gtc tca gect att agt
B3 S I

G S>R G G>S S T Y Y A D S vV K»>Q
VH26 ggt agt ggt gpgt agc aca tac tac gca gac tcc gtg aapg
B3 R - - S J D .

FR3

G R F T I>L S R D N S K N>S T
VH26 ggec cgg ttc acc atc tcc aga gac aat tcc aag aac acg
B3 O S S

L Y L Q M N S>T L R A E D T

VH26 ctg tat ctg caa atg aac acg ctg aga gcc gag gac acg
B3 € B mm e —8BC€ i mml e e em mm
CDR3
A \4 Y Y C A K P N \/ G S G
VH26 gcc gta tat tac tgt gcg aaa cct aat gtg ggec agt ggece
B3 c

w N F D N w G Q G T L v T
JTH4 tgg tcc ttt gac tcc tgg ggec cag gga acc ctg gtc acc
B3 e e e e el m el ez e et et i e

v S S
JH4 gtc tcc tca
B3 . - -

D REGION ASSIGNMENT

CCTAATGTGGGCAGTGGC

DXP1 TC___G___

DHQ52 CTG__A
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Figure 3.36 B3 LIGHT CHAIN VARIABLE REGION
FR1
Q s A L T Q P A s v s G s

DPLIl cag tct gcc ctg act cag cct gcc tcc gtg tct ggg tct
B3

CDR1
P G Q S I T 1 S C T G T S>R
DPL1l cct gga cag tcg atc acc atc tcc tgc act gga acc agec
B3 R
FR2
S>R D \4 G G Y N Y>F v S w Y Q

DPL1l1 agt gac gtt ggt ggt tat aac tat gtc tcc tgg tac caa
B3 a c t_

- _——— —- ——m mmm e - = U

CDR2

Q H P G K A P K L M I Y E

DPL1l cag cac cca ggc aaa gcc ccc aaa ctc atg att tat gag
B3 -

FR3

v S N>H R P s G v S N>T R F S

DPL1l gtc agt aat cgg ccc tca ggg gtt tct aat cgc ttc tct
B3 e - -,
G>A S K S G N>S T A S L T I S

DPL1l ggc tcc aag tct ggc aac acg gcc tcc ctg acc atc tcect
B3 c _8_

CDR3
G L Q A E D E A D Y Y (o S
DPLIl ggg ctc cag gct gag gac gag gct gat tat tac tgc age
B3 Y - S,
S Y T S s S>T T R
DPL1l1 tca tat aca agc agec agec act c..
B3 e v te - _€_ ___ _gt
v v F G G G T K L T \4 L G

J2 gtg gta ttc ggc gga ggg acc aag ctg acc gtc cta ggt
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Figure 3.37

B3 LIGHT CHAIN COMPARED TO RT6 AND PV11 LIGHT CHAINS

FR1 CDR1
DPLIl QSALTQPASVSGSPGQSITISC TGTSSDVGGYNYVS
B3 ___RR_ _____ F_ _
RTG6 _______~~~~—~— -~ o~~~ - T
pvu _____ - - - "
FR?2 CDR2 FR3
DPL11 WYQQHPGKAPKLMIY EVSNRPS GVSNRFSGSKS
B ___H___ ___T___A___
RT6 _______ "~~~ )
pv1 _____ """~ —"~ p______ _ -~~~ ———"=—™~
CDR3
DPL11 GNTASLTI SGLQAEDEADYYC SSYTSSSTL. .
B3 _S__ o _.__T_R.. Iar2
RT6 GW J 2
S I 2
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Table3.3

REPLACEMENT MUTATIONS IN B3 V REGIONS

VH VL
VH26 B3 DPL11 B3
(Germline) (Germline)

FR1 Leu(NP) > Val(NP) CDR1 Ser(P) > Arg(+ve)
Ala(NP) > Ser(P) Ser(P) > Arg(+ve)
Ser(P) > Iso(NP) Tyr(P) > Phe(NP)

CDR1 Ser(P) > Thr(P) CDR2 Asn(P) > His(+ve)

CDR2 Ala(NP) > Thr(P) FR3 Asn(P) > Thr(P)
Ser(P) > Arg(+ve) Gly(P) > Ala(NP)
Gly(P) > Ser(P) Asn(P) > Ser(P)
Lys(+ve) > GIn(P)

CDR3 Ser(P) > Thr(P)

FR3 Iso(NP) > Leu(NP)

Asn(P) > Ser(P)

Ser(P) > Thr(P)

(NP) = Non polar amino acid
(P) = Polar amino acid

(+ve) = Positive charge
(-ve) = Negative charge



are summarised in table 3.2 . The most significant of these was the
conversion of two serine residues to two arginine residues in CDR1
resulting in the gain of positive charge. An asparagine residue was
replaced by positively charged histidine in CDR2. A threonine residue
appears to have been deleted in CDR3. An arginine residue was encoded

by N addition at the VA-JA junction. An unmutated JA2 gene segment was

utilised.

A polyclonal anti-idiotype was raised using B3. The idiotype was
found to be encoded on the light chain of this antibody (Ehrenstein et al
1994). B3 was expressed on IgG antibodies in the serum of 20% of SLE
patients.

The B3 light chain variable region was compared to a bank of eight
8.12 Id positive and two 8.12 Id negative antibodies, all of which utilise
the VAll gene family. B3 had the highest homology with the monoclonal
antibody PV11 (fig 3.37). The pathogenic 8.12 Id has been found in the
kidney lesions of SLE patients ( Paul et al 1992). The PV11 IgM
monoclonal was 8.12 positive, B3Id negative, and did not not bind to
DNA. Comparing the amino acid sequence of the light chain of B3 and
PV11 there were four mutations to positively charged amino acids (three
arginines) in B3, including a couplet of arginines are present in CDR1
which were not present in the PV11. The B3 light chain sequence was also
compared to the light chain of RT6, an anti-histone antibody which was
also B3Id negative and did not bind DNA. The arginine couplet which
occurred in the CDR1 region of B3 was not present in RT6. It is therefore
possible that these residues could not only be responsible for enhancing the

DNA reactivity of B3 but may also define the B3 idiotype.
The IgG monoclonal UK4 bound to cardiolipin and not DNA. The
VH region of UK4 had 93% homology with the germline gene VH26 (fig

3.38). A summary of the replacement mutations in the variable regions of
UK4 are shown in table 3.4. The most significant replacement mutations
occurred in CDR1 where serine was replaced by positively charged

histidine and in CDR2 where glycine was replaced by arginine. A
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Figure 3.38 UK4 HEAVY CHAIN VARIABLE REGION

FR1

E \4 Q L L>V E S G G G L v Q
VH26 gag gtg cag ctg ttg gag tct ggg gga ggc ttg gta cag
UK4 _ _ _ o e B At

P G G S L R L S C A>V A S G

VH26 cct ggg ggg tcc ctg aga ctc tcc tgt gca gcc tct gga
UK4 - S
CDR1 FR2

F T F S S$>G Y A>W M S>H w v R Q
VH26 ttc acc ttt agc agc tat gcc atg agc tgg gtc cgec cag

UK4 _ __ ___ ___ ___ Bewc —w_ tgg ___ c€cac ___ ___ ___ ___
CDR2

A>V P G K G L E>V w v S A I S>N
VH26 gct cca ggg aag ggg ctg gag tgg gtc tca gct att agt
UK4  _t | L L o e ot L mmh e e e a

G S G G>R S T Y>S Y A D S v K
VH26 ggt agt ggt ggt agc aca tac tac gca gac tcc gtg aag
UK4 e - __B 8_& ___ ___ BB i mmm dmm e e e

FR3

G R F T I S R D N S K N T

VH26 ggec cgg ttc acc atc tcc aga gac aat tcc aag aac acg

UK4 a

L Y L Q M N S L R A E D T
VH26 ctg tat ctg caa atg aac acg ctg aga gcc gag gac acg
UK4 L L e e e e e e m e e e =

CDR3

A v Y Y C A K>R D L G A v T
VH26 gcc gta tat tac tgt gcg aaa
UK4 . ___ e ;e mme - 8- Bat ctt gga gca ptpg act

A Y
UK4 gcg tac

Y F D Y w G Q G T>V L v T v

JH4 tac ttt gac tac tgg ggec cag gga acc ctg gtc acc gtec

UK4 N -
S S
JH4 tcc tca
UK4 [
D ASSIGNMENT

GATCTTGGAGCAGTGACTGCGT
DXP4 T _
DAlrev _T___T



Figure 3.39

VH26
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RT6
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UK4
B3
RT6

VH26
UK4
B3
RT6

UK4
B3
RT6

UK4 VARIABLE HEAVY CHAIN COMPARED WITH
VH26 ENCODED MONOCLONAL AUTOANTIBODIES

FR1 CDR1

EVQLLESGGGLVQPGGSLRLCCAASGFTFS SYAMS

—__v_ . ________ vV_ ______ G_W_H

- __v_ L ________ S _ _ _ __ I T_ ___

______ rP___ _ _______T__________T _o____

FR2 CDR2

WVRQAPGKGLEWVS AISGSGGSTYYADS VKG

e __vV_____ V___ _N___R S _ ______

______________ T___R_S________Q_

_______ R _ e e oA _ o ___

FR3

RFTI SRDNSKNTLYLQMNSLRAEDTAVYYCAK
______________ R

___r_ _____ S _ ______ T _ _ _ . _____

CDR3

DLGAVTAY YFDYWGQGVLVTVSS JH4

PNVGS G WSFDSWGQGTLVTVSS JH4

VGGI AVAGTA DYWGQGTLVTVSS JH4
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negatively charged glutamic acid residue was replaced by valine in
framework two resulting in the removal of negative charge. Interestingly,
five replacement mutations in framework regions including one in the JH4
region of UK4 generated valine residues. Valine, a nonpolar amino acid
probably does not interact with antigen in these framework positions but
could be important in generating a suitable tertiary structure for interaction
with cardiolipin. The VH CDR3 region of UK4 contained eight amino
acids including one negatively charged aspartic acid residue. The D
segments DXP’4 and DA1 appeared to contribute to the generation of UK4
VH CDR3 region. A JH4 gene segment was utilised with one replacement
mutation converting threonine to valine. The distribution of replacement
mutations in UK4 VH region did not show evidence of an antigen driven
mechanism.

The VH26 encoded antibodies RT6 and B3 were compared with the
VH region of UK4 in fig 3.39. It was interesting to note that the
replacement mutations to valine in the framework regions of UK4 did not
occur in either B3 or RT6. A mutation from serine to histidine occurred in
the CDR1 region of UK4 which did not occur in B3. Both UK4 and B3
had mutations to arginine within the CDR2 region although they were
located at different positions. The CDR3 regions of UK4, B3, and RT6
were quite diverse with B3 CDR3 containing an asparagine residue not
seen in UK4 or RT6. UK4 CDR3 contained an aspartic acid residue, the
only negatively charged residue present in the CDR3 regions of these
antibodies.

The VA region of UK4 had 95% homology to the VAII germline
gene DPL11 (fig 3.40) (Williams & Winter 1993). Eleven replacement
mutations away from DPL11 occurred in UK4 VA region and are
summarised in Table 3.3. The majority of the replacement mutations did
not yield a change in charge and also did not give rise to valine residues as
seen in the VH region of UK4. The most notable mutations occurred in
CDR1 where serine was replaced by asparagine and in framework three
where lysine was converted to glutamic acid. Three replacement mutations

occurred within the CDR3 region of UK4 where three adjacent serine
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Figure 3.40
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Figure 3.41

UK4 LIGHT CHAIN COMPARED TO B3 AND RTé6 LIGHT CHAINS
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 residues were replaced by asparagine, arginine and glycine respectively.
An unmutated JA2 gene segment was utilised.

- UK4 light chain was also compared with B3 and RT6 VL regions as
these monoclonals appear to be generated from the same DPL11 germline
gene (fig 3.41). Interestingly, the arginine couplet seen in the CDR1
region of B3 was not seen in UK4. This is of interest as UK4 did not bind
DNA. Aspartic acid residues in CDR2 occurred at the same position in
UK4 and RT6, however, the germline amino acid at this position was

~ glutamic acid therefore there was no change in charge. The CDR3 regions
_ of UK4 and B3 contained an arginine residue which did not occur in RT6.
Overall, B3 VA was more cationic than either UK4 or RT®6.
It is intriguing that three monoclonals autoantibodies with diverse
binding sbeciﬁcities were encoded by the same VH and VA germline genes.
The subtle differences between these antibodies are likely to have a vast

" impact on their binding specificities.
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Table 3.4

REPLACEMENT MUTATIONS IN UK4 V REGIONS

VH VL
VH26 UK4 DPL11 UK4
(Germline) (Germline)

FR1 Leu(NP) > Val(NP) CDR1 Thr(P) > Pro(NP)
Ala(NP) > Val(NP) Ser(P) > Asn(P)
Gly(P) > Asn(P)

CDR1 Ser(P) > Gly(P)

Ala(NP) > Trp(NP)
Ser(P) > His(+ve) FR2 GIn(P) > Leu(NP)
Lys(+ve) > Glu(-ve)

FRZ Ala(NP) > Val(NP)
Glu(-ve) > Val(NP) CDR2 Glu(-ve) > Asp(-ve)
Ser(P) > Thr(P)

CDR2 Ser(P) > Asn(P)
Gly(P) > Arg(+ve) FR3 Lys(+ve) > Glu(-ve)

Tyr(P) > Ser(P)
CDR3 Ser(P) > Asn(P)
Ser(P) > Arg(+ve)
Ser(P) > Gly(P)

FR3 Lys(+ve) > Arg(+ve)

FR4  Thr(P) > Val(NP)

(NP) = Non polar amino acid
(P) = Polar amino acid

(+ve) = Positive charge
(-ve) = Negative charge
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DISCUSSION

4.1 YH GENE FAMILY USAGE IN AUTOANTIBODIES,

The significance of immunoglobulin gene usage in autoimmune disease is
difficult to assess due to the lack of information about the B cell repertoire in normal
adults. Investigations of the human B cell repertoire have been confined to EBV
transformed B cell clones, neoplastic B cells and a relatively small number of
hybridoma derived monoclonal antibodies (Guillaume et al 1990, Sanz etal 1989). In
situ hybridisation can greatly increase the number of B cells surveyed (Guigou et al
1990, Zouali etal 1991) and polymerase chain reaction based analyses have increased
the number even more. Nevertheless all these methods introduce their own bias.
Neither mitogen stimulated B cells nor EBV transformed B cells used in most in situ
hybridisation studies are representative of the entire B cell population (Crain et al
1989). Huang et al (1992) surveyed the VH gene usage of the B cell repertoires of two
normal healthy adults by amplifying cDNA without using variable region gene PCR
primers. These two individuals expressed quite different repertoires which were not
random relative to genomic complexity. One individual in this study showed an over-
utilisatioﬁ of the VHS gene family. All studies of variable region gene usage regardless
of the nature of the B cell source only reveal the natﬁre of the immune response at one
particular time point and do not portray the dynamics of the immune system.

The aim of this thesis was to examine the V gene usage of a panel of hybridoma
generated monoclonal autoantibodies derived from patients with autoimmune disease.
The pattern of utilisation of VH genes in the panel of monoclonals tested was not
consistent with random usage predicted on the basis of family size. The VH4 family
was expressed in 65% of the monoclonal autoantibodies. This figure is 23% higher
than could be expected if the VH gene usage was random based on the number of
functional genes in the VH4 family (Cook etal 1994) and thus the data obtained from
this study shows an overexpression of VH4 gene family in the panel tested. Frequent
usage of the VH4 gene family has been seen in B cells that secrete autoantibodies
(Pascual & Capra 1991) and the data described here was in agreement with the

observation of others.
















































































































































