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ABSTRACT

The Interleukin-2 Receptor o chain (I1L-2Ra or CD25) plays an important role in 13 cell
activation since it allows formation of the high alfinity [1.-2 Recepior and thus permits
the 3 cell o respond to physiological concentrations of 1L-2. [[.-4 appears to be the sole
cytokine which can induce IF.-2Ra in human tonsillar B ceils. In addition, polyvalent
anti-lmmunoglabulin antibodies and anti-CN40 antibodies can cause up-regulation of 11~
2Ra (Burlinson ¢f of 1995). However, although anti-ig, anti-CD40 and 11.-4 can increase
1L.-2Ra expression, this clevation in IL-2Rax fevels does not necessarily facilitale
subseyuent B cell prolileration in the presence of 1L-2. O the three, only anti-Ig
antibodics, in combination with [L-2. could cau‘sc resting 13 cells w proliferate o

significant level,

Stimufation of humaan wonsitlar B cells with polyvalent anti-1g antibodies resulted in more
than 80% of them acquiring an [L-2Ra-posilive phenotype. I1-2Ra expression on
dillerent subsets of B celis present within the tonsillar population was studied by
stimulating the cells with isotype-specific antibodies; anli-jt, anti-8 or anti-y antibodies.
[.ow concentrations of anti-p antibodies up-regulated expression ol IL-2Ra, as did all
concentrations of anti-y antibodies. However, high doses of anti-p antibodies and any
dose of anti-8 antibodies failed 10 up-regulate IL-2Ra. It is possible thal the failure of B

cells to respond to high doses of anti-p antibedies or to anti-& antibodies by increasing




IL-2Rex expression may cause these cells 1o become tolerised and thus prevent them from

CilllSi]'lg an auto-immunc responsc.

Fxpression ol 11-2Ra on the cell surlace can be related (o evenls taking place at the
promaoter region of the 1L-2Ra gene. There are at feast three positive regulatory regions
(PRR-PRR,} and two negative regulatory regions (NRE 1 and NRE 1) within the
promoter region and we chose to study PRR, and NRE] because these regions are
believed to be invelved in the induction of [L-2Ro, It was found that an. as yet,
unidentified protein. NRE-BP, which binds 0 NRE 1 plays a major rele in controlling [L-
2Rao transeription when cells are stimulated via their sIgM receptors. NRE-BP appears 1o
be involved in the silencing of the 1L-2Ra gene and remains bound to the promoter when
the 13 cells are stimutlated with high concentrations of anti-p1 antibodies. At low
concentration of anti-p antibodies, binding of NRE-BP 1o NRE 1 is attenuated. Although
anti-y antibodics up-regulate expression of [L-2Ra on the cell surface, anti-y antibodies
have no effect on the binding of NRE-BP {o the promoter. Previous studies have
discovered dilfercnees in signalling through the slgh and slpG complexes (Roifiman ef af
1987 Law ¢f al 1992; Shu ef af 1994). Now we have determined that slgM and stgG
appear Lo act differently in the regulation of 11.-2Ro and Lhat the binding of KRLE-BP (o

NRE [ is important in this variation.
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Chapter One

Introduction



1.1 B Cell Development

1.1.§ The Differentiation Pathway of B Lymphocytes.

B lymphocytes are derived from the pluripotent stem celis that give rise to the
erythroid. myeloid and lymphoid lincages of blood cells (Smith er af 1991}). During
cmbryogenesis, B3 cell development oceurs in waves. firstly in the placenta and
embryonie blood, later in the foetal liver and (inally in the spleen and bone marrow
{Meclchers 1979). Millions ol newly formed lymphocyles leave the bone marrow daily
(Osmond 1993). Each of these cells either multiplies and differentiates or dies
depending on the nature. timing and location of interactions with other celis of the

immune system (Liuef af 1992; Parker 1993).

B lymphocyte development has traditionally been divided inlo two phases (Figure
1.1). The first phase is thought Lo be independent of furcign antigen and takes place in
the bone marrow. The first descendent of the pluripotent stem cell that is committed to
the B lineage is termed a pra-B cell. These do not express B lineage specific markers
and have not yet begun to rearrange the immunoglobulin (1g) genes (Davidson ef «f
1984, 1988: Muller-Sieberg ¢f ¢/ 1986). The next stage is the development of the pre-
B cell. These express the pre-B cell Receptor (pBCR) (Reth 1992; Melchers ef af
1995} which contains the Tmmunoglobulin (Ig) heavy chains like a mature B cell
Receptor but with the light chains replaced by “surrogate™ chains, 4 and V pre-13
(Sakapuchi and Melchers 1986; Kudo and Melchers 1987, Schiff er af 1992). The

Antigen -Independent phase terminates when Ig is expressed from rearranged Heavy




(1} and Light (L} chain genes on the surface of immature B cells and occurs in the
periphery. Al this potnt B cells with Ig specilic for self-antigens are either deleted

{(Nemazee and Burki 1989) or anergised (Goodnow ef al 1988).

;
E
3




Figure 1.1 The B Cell Development Pathway.

Reproduced [rom Cushley and Harnett (1993).
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[n the second, Antigen-Dependent phase, the remaining surface [g” cells can be
positively selected in the peripheral circulation and colonise the secondary organs,

Depending upon the nature of the antigen encountered, these cells can be stimulated

cither independently of T cells or with the co-operation of helper T cells ( reviewed by

Melchers 1989),

The first B cell which has the opportunity te encounter antigen is the mlgM’
“Immature™ B cell. This has stable expression of [gM at the B cell surface.
Stimulation of the antigen receplor (AgR) on immature B ¢ells results cither in anergy

or defetion of the clonc (Scott ¢f af 1987; Goodnow ef af 1988. Nemazee and Burki

1989: Alez-Martinez ef ol 1991). Thus B cells which produce AgRs which bind (o self

tissue componcnts arc removed, avoiding the secretion of self-reactive antibodies

which could lead to auto-immune discase.

The next stage in development is that the immature B cell expresses mlgD. This
mlgM' fmlgD" B cell is regarded as “mature”™ and can react positively to activalion
via the AgR. In the case of thymus-dependent antiger, the response of the B cell is
detertined not only by antigen but also by T cell-derived cytokines, There are a
number of possibilities. Firstly the activated B cell may becoine a plasima cell; these
express no mlg and are solely devoted to the production of the sccretory form of IgM.
Alternatively, the B cell may become a memery B cell. These cells form a minor
subset o B cells and can be distinguished by their somatically mutated untibodies,
lack of surface 1gD) and characteristic surface markers. They are mostly resting, long-

lived and reeirculating and many have switched isotype from IgM to 1pG, IgA or [gE.

SN




Recent evidence suggesls that these cells may home preferentially to mucosal tissues

{Liu 7 af 1995) where they can rapidly respond fo incoming pathopens,

1.1.2 Clonal Selection

The Clonal Setection Theory (Burmet 1959) postulates that I3 cells express their
amibody as a surface receptor and can thus be selected by antigen. Each B lymphocyte
expresses a receplor of a single antigen specificily; i.e. antigen receplors arve clonally
distributed. In mice and humans, different B cells express different receplors at the
beginning of their development. This is unlike the situation which occurs in chicken B
cell development. 1lere, all eclls initially express the same or similar receptors and
diversity 1s generated through subsequent rounds of gene conversion during

proliferation (Reynaud ¢/ af 1994).

[n all vertebrates the gencs encoding antibody variable (V) regions are assembled
during B cell development from gene seginents termed V, D and J (for the {gh lacus)
or i or & (for the fek and g/ loci) through a process of site-specific recombination.
{Tonegawa 1983; Alt ¢f of 1987). This involves the introduction of double~strand
breaks at specilic recognition signal scquences adjacent to the V, D and J clements by
the recombination-activating genes RAG-1 and RAG-2 {Oetlinger ¢f af 1994,
McBlance er af 1995), followed by double strand repair {Roth ¢f of 1995). Numerous
V. > and ] gene segments are present tn both the Jg/ and the (wo Jgk and Il loci.
Each cell joins a different set of segments so that different cells express different

receptors [rom the beginning. To increase diversity further, there is variation in the




recombination breakpoints and nucleotide deletions and insertions at those points (Alt

and Baltimore 1982).

1.1.3 The Antibody Responsc

Immature B cells expressing conventional surface 1gM recepiors exit the bone marrow
and migrate 1o the periphery. Here they can become mature (i.e. are positively
selected) or undergo apoptosis or anergy. ‘1'hree-quart€rs of the peripheral B cell pool
are [gM'/ 1gD™" mature B cclls, the main cells involved in primary immune responses,
The remaining cells are memory cells and B-1 cells (Hayakawa er af 1983). B-1 cells
possess characteristic cell surface markers such as CDS and Mac-1 (Hardy er of 1994).
Early in ontogeny. they dominate the B cell population but later are confined 1o
participation in local gut and fung-associated immune responses. The origin of the
cells is controversial: there is cvidence that they represent an ancicnl separaie cell
lineage (Herzenberg ef af 1986) and ave invelved in “natural defence™ apainst
common pathogens in the environment {Herzenberg ¢/ o/ 1986; Kocks and Rajewsky

1989).

Induction of antibody vesponses in B-1 and conventional B cclis (B-2 cells) requires
presentation of antigen in immunogenic form. Multimeric antigens can cause B cells
to proliferate and differentiate into antibody secreting plasma cells by efficient cross
linking ol the antigen receptor (Mond ¢ af 1995). Both B-1 and conventional B cells

5

participale in thesc 'F-cell-independem responses (Forster and Rajewsky 1987),

producing mainty [gM and IgG3 antibodies.




T-cel~dependent responses (Clark and Ledbetter 1994) are elicited by protein
antigens which cannet themselves trigger an antibody responase. The antigen is first

complexed by natural antibodies and components of the complement system and

presented o B cells on antigen presenting cells (APC). Tt is taken up by (he 13 cell
through its B cell Receptor Complex (BCR) and processed: i.e. fragmented into
peptides inside the cells. These are then prescuted (o T helper cells by class 1

molecules of the Major Histocompatibility Complex (MIIC), trigeering the T cell

regponse. T-cell-dependent responses generally involve conventional B cells and it is

in these responses that such B cells generate immunological memory and a new

antibody repertoire by somatic hypermutation of their antibody genes. }

1.1.4 The Germinal Centre Reaction

Affimity maturation and memaory genevation take place in a specialised

microenvironment known as germinal centres (MacLennan 1994). These arise inside
[ollicles composed of naive I3 cells, on immunisation with T-cell-dependent antigens.
There is rapid expansion of an oligoclonal population of antigen-activated B cells in a
highly organised environment whose main other components arc antigen-specific
helper T cells (Fuller ef af 1993; Zheng ¢/ «ff 1994) and Follicular Dendritic Cells
(FDO). FDCs are long lived cells of indeterminate origin (Humphrey and Sundaram
1985). They carry antigen complexed to antibodics and components of the
complement system on their surface. Antigen can be retained in ils native form on
FDCs [or at [east one year, This form of anligen presentation. with signals delivered

by the T helper cells is thought to be critical for the selection and maturation of high
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atfinity memory cells. Interaction of B cells and FDCs leads (o the formation of a
linely structured germinal centre. Initially, rapid 13 cell proliferation gives rise to a
“dark zone™ which is refatively devoid of T cells: these proliferating B cclls arc
known as centroblasts. The maturing B cells then migrate 10 the *light zone™ which is
abundant in FIDCs with some T cells and become known as centrocytes. Somatic
hypesmutalion 1s set in motion within the dark zone and high affinity “mutants™ are
selected within the light zone (Moller t992). This process occurs only during
germinal centre development and at this point there is evidence of massive cell death
by apoptosis. B cells with high affinity receptors for anfigen are subsequently

“weleceted™ and switeh from praducing [pM to another Iy class.

Unlike naive, resting and memory 8 cells (Pascual ef af 1994), proliferating germinal
centre cells express low levels of Bel-2 and are programmed 1o dic unless rescued by
signals involving antigen and antigen-specific T cells (Macl.ennan 1994), Thus cells
expressing high affinity antibodies can be positively sclected in the microenvironment
of the germinal centre. Germinal centre B cells can also be negatively selected by
figands binding to their BCR. They undergo rapid apoptosis on encountering antigen
in the absence of 'l cell hielp (Linton et «f 1991 Rathmell ¢f ¢f 1995; Pulendran ef «f
1995; Han et al 1995). This mechanism may [urther minimise the risk of autoreactive
mutants. Following this seleclion process, further centrocyle maturation occurs and
the cells will either become plasma-blast cell type cells secreting antibody or become
long-tived memaory cells, ready to perform the functions lor which they have been

selecled.
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1.2 B Lymphocyte Antigen Receptor Complex

The B cell antigen Receplor Complex (BCR) consists of a membrane-bound
immunoglobulin molecule non-covalently associated with 2 accessory molecules. Tg-
o and Ig-f. which occur as disulphide linked heteredimers. The BCR belongs (o a
class of reeeptors which includes the T-cell Receptor (TCR) and receptors for the Fe
regioms ol 1gl (FegR1) and 1gG (FeRylllR) (reviewed by Cambier and Jensen 1993).
These receplors possess a complex hetcro-oligomeric structure where ligand binding
and signal trunsduction are compartmentalised into di stinet receptor subunits. In the
BCR, antigen is bound via membrane bound Immunoglobulin (mlg) molecules and
the mlg-associated "transducer” structure is comprisced of Tg-ot and Ig-f (recently

designated CD79%a and CD79b, respectively).

The mlg molecules are expressed on normal peripheral B cells al 10'-10° copies per
cell. They differ from seereted antibody molecules in their heavy (H) chain carboxy
terminus which contains spacer, transiembrane and cytoplasmic sequenees not found
in the secreled molecules (Rogers ef al 1980, Alt ef af 1980). All immunogtobulin
isolypes can occur as receptors bui on the vast majority of peripheral B cells (~90%)
only migM and migD are found (Abney ef «f 1978). In resting high density B cells
mlgD molecules are expressed at a 3-10 [old higher level than migM molecules

(Havran ¢f af 1984).




Much effort has been made to define the structure of milg but ihe size of the
cyloplasmic domains remains unclear. The membranc form of the p heavy chain (g,)
was predicted to have 25-26 hydrophobic aminoe acids, which traverse the bitaver in a
helical fashion, and a charged cytoplasmic tail of only 3 residuces (Lys-Val-Lys) (Kyte
and Doolittle 1982). This smali cytoplasmic tail was thought 1o be present for stablc
membranc insertion, being too small to express any intrinsic catalytic activity. In
contrast, the Klein, Kanehisa and Delisi algorithm (Klein ¢f of 1985) predicts that the
cytoplasmic tail may consist of 11 amino acids. II'correct, these mlg heavy chains
have potential siles lor interaction with cytoplasmic molecules: however there has
been fittle evidence of this o date and it is generally accepled that the cytoplasmic (ail

of um is only three residues long.

1.2.1 The Detection of New Componcnts of the BCR

Since mlg molecules have such limited cytoplasmic structures it was proposed that
the BCR must transcduce signals via associated molecules. The first indication that the
B cell antigen receptor necded accessory molecules came [rom transfection
experiments using myeloma cell lines (ITombach ef af 1988a, b, 1990). Thesc cell
fincs do not express mRNA encoding the membrane-bound [orm of immunoglobulin.
A myeloma H chain loss variant cell line, 15581, was translected wilh vectors
containing the scereted (1us) and membrane (pm) forms of the pheavy chain and the
resultant transtectants analysed. 1558L s cells produced and secreted large amounts

of TgM antibodies whereas the J558Lum transfectants produced mlgM in the
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cytoplasm but not on the ecll surlace. thus indicating that the cells lack a factor for the
surface expression of migM (Sitia e/ af 1987; IHombach e7 «f 1988a, b). Further
studies isolated a spontaneous surface mIgM ™ variant (J5581.um3) of the J558Lpum
transfectant. Analysis of these two lines revealed that surface mIgM in J5581.pun3
cells. but not in J558Lpum cells, was associated with a disulphide linked heterodimer.,
This heterodimer consisted of two glycoproteins with molecular masses of

approximately 34kDa and 39kDa and were called Ig-c and 1g-3, respectively.

A dilterent approach to the subject was taken by Campbell and Cambier (1990). They
observed that ligation of a small proportion of mIgM or migD leads 1o the inactivation
ol the signalling ability of the remaining receptors. In other systems such
desensitisation is mediated by receptor phosphorylation. However, the eyloplasmic
tails of mIgM and migD do not contain such potential phosphorylation sites. Thus, an
hypothesis was formed that mig desensitisation is mediated by phosphorylation of its
transducer complex. This was investigated by stimulating [PP}-ATP-loaded 13 cells
with anti-lgM, anti-IgD, PMA and Aluminium Fluoride. The cells were lysed and mlg
and its associated molecules immunoprecipitated. A complex of three inducibly
tyrosine-phosphorylated glycoproteins was co-purified with mlgM. This complex
consisted predominantly of a disulphide-linked heterodimer of 32 and 37kDa proteins
and. at lower proportion (~10%), a disuiphide-linked dimer of 34 and 37kDa proteins.
The 32kDa protein was found to be identical o Ig-a and the 37kDa protein was [ound

10 be identical 1o Tg-f3.
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Subsequently, experiments were perfornned to 1dentily which genes encoded Ip-o and
Ig-f3. Amino-terminal sequences were obtained [rom the Ig-a/1g-§ hetero-dimer
expressed in mlgM' J5581L.um3 cells (Hombach ef a7 1990) as well as from pp32.
pp34 and pp37 co-purified with mIgM isolated from normal spleen cells (Camipbell ¢f
ol 1991). pp32 and Jg-o were found to have an identical amino-terminus fo the
deduced protein sequence of the mb-J gene, pp34, pp37 and Ig-f3 share an identical
amino-terminus with the deduced pretein sequence of the B29 gene. Further evidence
was oblained from Western blots; antibodies produced against 3 peptides determined
(rom the sequence of mb-1 reacted specifically with pp32. Similar experiments with
B29, pp34 and pp37 provided strong evidence that pp34 and pp37 are products of the
B29 gene. Thus, the data indicate that pp32 and Ig-a are identical and are products of
the mh-1 gene. Also, pp37 and Ig-f are identical and arc products of the B29 gene,
pp34 also has extensive homology to the B29 gene product and has been designated
lg-y. The difference in molecular weight between pp34 and Ig-3 is not a function of
phosphorylation or glycosylation (Reth ef af 1991). [g-y is a truncated form ol ig-f3
tacking the C-terminus. [t is expressed on low density splenie B eells and bone

marrow cells.

While all classes of slg associate with apparently identical heterodimers. there are
some differences in the glycosylation status of the Ig-a chain. The stoichiometry of
the complex formed between slg and the Ig-a/Tg-p heterodimer 1s unknown.,
However, the requirement of Ig-at and Ig-fb expression for slg transport indicates the

ratio is at least 1:1 and the bifateral symmetry of slg would suggest a ratio of 2:1.




Recent studies have investigated the role of mlg in receptor assembly, signal

transduction and internalisation. mlg associates with [g-ot and Ig-$ via the pwm chain

CH3 and/or CH4 domains as well as the transmembrane spanning region (Williams ef
af 1990: TTombach ¢7 af 1990). There is a polar patch (residues TTAST) in the

transmembrane region of pm which signals retention of migM within the endoplasmic

reticulum (ER) unless Ig-o and Ig-f are also expressed (Williams ¢f af 1990). This

indicates that Ig-oc and [g-~f may engage this site, facilitating transport ot the receptor

through the ER. The C terminus of the pm chain is not necessary for the assembly and
transport ol the receptor (Parekh e/ ¢ 1992). However, it has been implicated in
receptor-mediated signal transduction. Point mutations in the C-terminus of um do not
affect association with Ig-ou and 1g-f3 but do ablate antigen-induced signaliing

(Pleiman ef af 1994b). T'he core of this region (residues YSTTVT within the

(ransmembrane region) was delined as being of particular importance. This sequence
is predicted by the Kiein, Kanehsisa and Delisi algorithm as being cytoplasmic and

therefore is capable of interaction with a cytoplasmic effector. T'his suggests that the

function of mlg extends beyond antigen binding and that the C-terminus of the pm

chain could play a critical role in signal transduction.

The two most likely functions for fg-or and [g-f3 are assembly and transport of the B

cell antigen receptlor complex and signal transduction. As stated previously,
transfection studies with the J358L ccll linc showed that 1g-o was mandatory for
surface expression of all 1g isotypes (Sitia ef af 1987, Hombach ¢f «f 1988a, b). This
is true lor mlgM but subsequent experiments have shown that IgD and some
subclasses of [g( can be expressed at the ccll surface without Tg-a (Venkitaraman ef

15




al 1991). There has been much interest in the structure and function of the mlg
associated proteins. Bath have extracellular domains and ave structurally very similar
to CI3y, 6 and . Hach contains the single extracellular lg-like domain. a single
transmembrane region and cytoplasmic tails of 48 () and 61 (o) amino acids and are
members ol the 1g superfamily (Hermanson ef «f 1988; Sakaguchi e/ «f 1988). The
site ol interaction between the Ig-a/1g-f3 hetero-dimer and pm is unclear. The
transmembrane domains ot Ig-w and [g-p contain a glutamic acid residue and a
glutiunine residue. respectively. These residues may inleract either with cach other or
with the polar patch motif (I'TAST) wbich is present in the pum chain transmembrane
region. As stated earlicr, expression of this TTAST motit appears to signal
intracellular retention of mlg unless associated with the Tg-a/Tg-ff hetero-dimer

{(Witliams e/ af 1990).

Studics have shown that the cytoplasmic taits of Ig-o and 1g-[3 possess independent
signalling functions. They differ quantitatively n thetr ability to activate specific
signaliing events; thus signalling events are compartmentalised into different chains.
[t was recognised initially by Reth (1989) that [g-o and Ig-p cach contain a sequence
motil of aboul 26 amino acids which is common ta the cytoplasmie tails of other
ransducer chains including TCRZ, TCRyn., CD3g, CD3y, CD38. FegR1PB, FeeR 1y,
human FeyRIa and potentially CD22 (T.ePrince ¢f af 1993). This moiif has variously
been called the Antigen Receptor Homology Motif T (ARH-1) (Clark 1993), the
Antigen Recognition Activation Motif (ARAM) (Weiss 1993), and the T'yrosine-
basced Activation Motil (ITAM) (Klausner and Samelson 1991). The motil is
charactlerised by the presence of 6 conserved amino acids in the sequence (where X is

an unconserved amino acid):
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D/E~—X, = DIE~X, == Y—X, == LA—X,, = Y—X, ~-L/I.

This motif can activate signal transduction events such as protein tyrosine kinase
activation. Ca™" mobilisation and/or 1L.-2 production {(reviewed in Weiss and Littman

1994). Also, the motif exhibits binding activily for enzymes including members of the

sre family ol tyvosine kinases (Clark ef «f 1992).

1.2.2 Are There Other Receptor Components?

[g-u and [p-[3 are the most easily recogntscd proteing associated with mig. However

other receptor components may exist. As noted previously. there is a second gene

product, Ig~y which is similar (o lg-p but with a truncated cyloplasmic tail (Friedrich
ef «f 1993). Most of the ARII-1 motif is missing [rom this molecule, a fact which may
have a signtficant cffeet on receptor function. This molecule replaces [g-f3 on

developing 13 ecll such us bone marrow cells.

(D22, a 135kDa B cell restricted glycoprotein, is a possible component of the
Anligen Receptor Complex (Clark 1993). Among normal B cells, only those that arc

C1D22 positive can mobilise Ca®' in response to Ig cross linking and mlg-mediated

signalling can be enhanced by ligation of CD22 (Pezutto ef ¢f 1988. 1987). Following
cross-linking ol mlg CD22 becomes rapidly phosphorylated. CD22 can also be
coimmunoprecipitaled with mlg under certain circumstances (Schulte ef of 1992

LePrince ef uf 1993). Finally there arc a number of YXXL sequences that are
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reminiscent of the ARI-1 motif (Stamenkovic and Seed 1990: Torres ef af 1992).
However, allhough CD22 obviously plays a role in BCR function, evidence ol its

association with the complex remains circumstantial,

It has been suggested that CD45, the major lymphocyte membrane protein tyrosine
phosphate phosphatase, is 4 component of the B cell antigen receptor complex.
Lixpression of this surface protein is essential lor mlg-mediaied signalling [cading to
cafcium mobilisation, p2 1™ activation and proliferation (Justement e of 1991,
Kishihara ¢ af 1993). CD45 knockout mice do not respond to ligation of the BCR (
Kishihara ef of 1993). In vifro CD45 dephosphorylates Ig-cc and Tg-B and in vivo
cross-linking of mig and CD45 enhances dephosphorylation of [g-o and Ig-f3
(Justement ef af 1991}, Finally. exiensive cross-linking of CD45 alone causes
enhanced phosphorylation of Ig-a and fg-B (Lin ef af 1992). However it seems most
fikely that C'D45 is not a part of the BCR complex but is present at a high
concentralion in the plasma membrance to maintain equilibrium between

phosphorylated and non-phosphorylated substrates.

T'here has been a report by Yellen-Shaw and colieagues of a S6kDa protein associated
with mlgM in mature, but not immature B cells (Yellen-Shaw and Monroe 1992), It
occurs as a disulphide-linked homodimer, p56-p56, associating with migM in a non-
covalent manner, [t does not appear to associate with migD. Other ~50-60kDa species
have been recorded. although all seem to vary in some way from p56 described by
Yeilen-Shaw (Gold ef af 1991; Petrini ef of 1983; Koch and Flaustein 1983). The

function of'these proleins is unknown,




1.2.3 Co-Receptors of the BCR.

It is clear that. as with T cells. the response ol B cells (o antigen will be modified by
co-receptor molecules. Three of these molecules are important: the human FeyRIb,
the CD19/CD21 (CR2) complex and CD22. The involvement of these molecules can
be negative in some cases and positive in olhers. As discussed carlier, C1D22 may be a
component of the BCR compiex. However, since CD22 also exhibits ligand binding
specilicity, its function could also be described as that ol a co-receptor, 'The human
FeyR1HDb is preferentially expressed on B cells and is a 40kDa member of the Ig
superfamily. It has two extracellular Tg-tike domains, a single transmembranc
spanning region and a 44-76 amino acid cytoplasmic tail ( reviewed in Ravetch and
Kinet 1991). Experiments have determined that when FeyRIb is co-ligated in antigen
receptor signalling there is premature termination of extracellular calcium influx, This
is as a consequence of a termination of 1P, gencration (Bijsterbosch and Klaus 1984)
due 1o the ending of sustained Phospholipase €' (PLC) activation {Wilson ¢/ af 1987).
Since PLC is regulated by tyrosine phosphorylation it is likely that the action of
FeyRITb is mediated by an alteration either tn protein tyrosine kinase or protein

tyrosine phosphatase aclivity.

Ligation of the CD19/CD21 complex has the opposite elfect to that of FeyRIIb
ligation. CD21. also known as Complement Receptor 2 (CR2), is a 140kDa protein,
The extracellular domain of this protein is made up of 15 short consensus repeats

common in complement receptor families (Matsumoto ¢/ af 1991; Tanncr e¢f ol 1987;
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Moaore ef «f 1987). There is a single transmembrane region and a 34 amino acid

cytoplasmic tail. Among the natura ligands for CD21 are iC3b, C3dg, CD23, IFN-o

and the Ipstein-Barr virus (EBV) (Bohnsack and Cooper 1988; Dosch ¢ af 1990;
Aubry et al 1992; Deleayre ef a/ 1991).CD21 exists as part of an oligomeric complex
madc up of CD19 which is a 95kDa glycoprotein member of the Ig superfamily, Leu-
[3, which 1s a 16kDa cell surface protein and TAPA-1, a 20kDa scrpentine molecule
conlaining 4 transmembrane regions (Bohnsack and Cooper 1988; Andria ef ¢f 1991:
Bradbury ¢f af 1992; Zhou ef «! 1991). Both Leu-13 and TAPA-1 are expresscd
ubiquitously whereas CD19 and CD21 are found on B ceils only (Moore e «f 1987:
Tedder ef «f 1983; Oren e¢f al 1990; Jaffc ¢f af 1988; Chen et «f 1984; Cvans ef ol
1990). Involvement of this co-rcceptor complex in BCR-mediated signalling causcs

enhancement in B cell activation (Carter ef of 1991 Carter and Fearon 1992) and the

mechanism by which the co-receptor signals is well understood. TAPA-1 and CD19
have extended cyloplasmic structures and are proposed to be the signal transducing
subunits (Matsumoto ef af 1991). CD19, which binds to the tyrosine kinase /y#. is

strongly phosphorylated on BCR cross linking (van Noesel ef af 1993; Tuveson ef af

1993). There are six tyrosine residues [lanked by acidic amino acids in the
cytoplasmic lail of CD19; it is likely that these arc the tyrosine kinase substrate sites.
These sequences, if phosphorylated. arce consensus binding sites [or SH2 domain
containing cytoplasmic effectors. Antigen receptor ligation phosphorylales these sites
leading to binding of Phosphoinositide-3-Kinase (PI-3-Kinase) (Songyang ¢f af 1993),
Previous studies suggest that binding of phosphorylated CP19 by PI-3-Kinase may
fead to enzyme activation (Shoelson ef al 1993; Myers ef af 1992). CDI19s

cyloplasmic tail is necessary for CII9 enhancement of antigen receptor-mediated
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calerum mobilisation. However, some CD19 signalling is independent ol its
cytoplasmice Lail. IFor example, homotypic adhesion and growth inhibition are
dependent on the transmembrane domain which determincs the interaction with
TAPA-|(Bradbury ef al 1993). As stated previously, CIX9 is of particular importance
in antigen receptor-mediated signalling because coligation of CD19 and BCR reduces
by 2 arders of magnitude the numbers of antigen receptors that must be ligated to
induce B celf proliferation (Carter and Fearon 1992). Thus, antigen in the form of
complexes containing complement components may hyperstimulate B cells by virtue

of mlg-CR2 cross-linking.

1.2.4 BCR Mediated Signal Transduction

The carliest detectable event fotlowing cross-linking of the BCR is an increase in
protein tyrosine phosphorylation. This is duc to the activation ol mulliple protein
tyrosine kinases. These include members of the sre family including blk, fyn. Jyn and
lek (Burkhardt ef of 1991, Yamanishi ef «f 1992) and the more distanily related syk
(previously denoted Ptk72) (Hutcheroft ef of 1991, 1992; Taniguchi ef ¢f 1991,
Yamada ef al 1993). The sre-lfamily kinases interact with the resting BCR primarily
via the Ig-ot chain (Clark ef af 1992) which associates with the first 10 N-ferminal
residues ol (he kinase (Pleiman ¢/ al 1994a). The difference in the abilities of Ig-a and
Ig-B to bind the sre-family Kkinases is due to a sequence ol 4 amino acids, DCSM,
within the ARH-1 motif of [g-o ¢ the equivalent sequence in Ta-f3 is QTAT) (Clark ef

af 1994). Ixchanging these scquences can switch the binding ability ol Tg-o and Ig-§8.
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Therctore DCSM seems to determine the ARH-1-mediated binding of sre-family

kinases 1o the resting receplor.

Immediately following BCR ligation the Ig-u and lg-} ARH-1 motifs are
phosphorylated on tyrosine residues in the amino acid sequences YEGIN and YIEDI.
On phosphorylation of these residues, there is an approximately 20 fold incrcase in
binding of sre-family kinases which triggers kinase activation (Clark ef af 1994), 'The
enhanced association is due to the binding of sre-tfamily kinase SH2 domain regions
to the phosphorylated tyrosine residues in the ARH-1 motif and the concomitant loss
of binding to the 10 N-terminal residues (Pleiman ef af 1994a). Thus, there is
apparently a spalial reorientation of the receptor-associated sre-family kinases so that

binding of the kinases changes from N-terminal mediated to SH2 domain mediated.

The proletn tyrosine kinase syk is also associated with the resting receplor complex
and is immediately phosphorylated following receptor ligation. Originally it was
thought that syk associated with slgM (Hutcherolt ef af 1992), llowever, syk binds
strongly to phosphorylated Ig-a and [g-f8 ARIT-1 motif peplides. Recent findings
showed thal a phosphorylated Y-X-X-L/1 sequence is the predicted binding site for the
syk STI2 domains (Songyang ef af 1994) and that the related T cell kinase ZAP-70
binds to the corresponding tyrosine-phosphorylated ARLE-1 motifs in the cytoplasmic
tails of the TCR compiex (Wange ¢f ¢f 1993). Therefore svk may be involved in BCR
signal transduction at 2 levels; firstly, it binds to the resting receptor via slg
transmembrane/cytoplasmic regions and, sccondly, it binds via its SH2 domains (o

phosphorylated [g-o. and Ig-p and becomes activated.
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Studies on the phosphorylation of cellular substrates (Yamanishi ¢f af 1992;
Tutcherolt ez ¢f 1991.1992; Brunswick ¢f af 1991; Campbeli and Sefton 1990,1992,
Gold ¢ af 1990y and in vitro assays on the activily of kinases (Burkhavdt ef ol 1991
Yamanishi ef af 1992: Yamada et o 1993) have shown that maximal kinuse activity is
achieved 15-60 seconds aficr BCR stimulation. Experiments using kinase inhibitors
indicate that all downstream signalling events and the subsequent biological responses
are dependent on Lyrosine kinase activity (Cambier ef of 1991, Padch ¢f «f 1991 Pure
and Tardelli 1992). Although the mechanism by which the BCR signals is finally
emetging. il is uncicar whether the multiple activated tyrosine kinases act in parallel
or as a cascade. It temains uncertain as to how the initial ARI1-1 motif
phosphorylation is triggered. Initially {tutcheroft ef af (1991) implicated syk as the
(st kinuse to be activated [ollowing ligation of the BCR. Several other lines of
evidence have supported this hypothesis. Iirstly, in [ celis, on eross linking chimeric
receptors containing syk cytoplasmic domains but not lek or ZAP-70, there is
inducible tyrosine phosphorylation and calcium mobilisation (Kolanus ¢ af 1993). In
addition, syk associates with slg in the abscice of Tg-w and Tg-} (Hurchcroft ef el
1992) and a B cell lymphoma with a knockout syk gene results in a virtual cessation
of BCR signalling (Takata ef al 1994). sre-family kinasces have been found to bind
phosphotylated syk through their SH-2 domains. This is an event thal requires syk to
be activated (Cambicr ef af 1994). Finully, syk is activated by TCR ligation of the Ick
deficient J.CaM1.6 cell line. This occurs in the absence of si¢-family or ZAP-70

kinase activation (Couture ef ¢f 1994),
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However, there is also evidence that sre-family Kinases arc phosphorviated prior (o
syk (Kurosaki e af 1994). This would be consistent with studies on the TCR (Chan ¢f
al 1991, 1992a.h) which showed that the syk-related protein, ZAP-70. bound to TCRE
only aller phosphorylation by lek. Thus the identity of the kinases initiating BCR

signalling and the mechanisms by which they are activated are unciear.

‘The most interesting feature of BCR signalling is the number ol tyrosine kinases
utilised. Recent evidence suggests that different kinases can bind to distinct
downstream cffectors (Pleiman ¢f of 1993) and have different substrate peptide
preferences (Goldman ef af 1994). This raises the possibilily that these kinases
activate dilferent downstream pathways. After the initial activation of protein tyrosine
kinascs the signalling pathway diverges into at least three hiochemical cascades. The
best known of these is the activation of the phosphatidylinositol-4,5 ~bisphosphate
(PIP,} spectiic phospholipase C (PLC) pathway by tyrosine phosphorylation
{Coggeshall and Cambicr 1984; Coggeshall ef of 1992, Carler ef ¢ 1991; Bijsterbosch
and Klaus 1985). Although PLCy1 is present, PLCy2 is the predominant isoform in I3
cells (Coggeshall ef af 1992). PLCy2 activation leads o the hydrolysis of
phospholipid producing Inositol-1,4.5-trisphosphate (1P,) and Diacylglveerol (DAG)
{reviewed tn Nishizukl 1992). These mediate the activation of various isoforis of
protein kinase C (PKC); the PKC tsofortms expressed in B eells are a, B, 8,  and 1)
{Mischak ef af 1991) and of these o, B and & wre DAG regulated. 1P, mediates calcium
influx and the release of calcium from stores in the Endoplasmic Reticulum is causcd
by [P binding to receptors on the plasma membrane and on the ER tmembrane (Khan

e of 1992), The mobilisation of calcium also activates Calcium Calmodulin kinase 1.




The biological effects of this are unknown. However nuclear CaM kinase H has been
shown to phosphorylate the ets-1 DNA binding protein (Valentine ef af 1995; Tisher
et al 1991), perhaps allering its transeription regulating activity. PKC miodifies the
transcriptionad aclivity of the AP-1 complex, possibly by activating an intermediary

phosphatase (Boyle ef af 1991).

The second tyrosine kinase regulated signalling pathway is activated by many
receptors, including the BCR., and involves the p2 1™ oncoprotein (ras) (larwood and
Cambicr 1993 Luzarus e/ of 1993; Downward 1992). Ras is a key mediator of
tyrosine kinase action and a potent regulator of cell growth and differentiation. Many
of the effects of ras appear to be mediated by a protein kinase cascade controlied by
ras. Activated ras associates with the Raf-1 serince/threonine kinase (Koide ef af 1993)
and 1s required for the activation of Rat-1 in vivo (Cook and McCormick 1993), In
turn Raf-1 phosphorylates and activates MEK (Kyriakis ef af 1993) which
phosphorylates and activates the mitogen activated protein (MAP) kinases (Davis
1993). These may regulate gene expression since they can phosphorylate a number of
{ranscription {actors iz vitro including c-jun, c-fos and c-myc. Ras is a membrane-
associated guanine nucleotide-binding protein that exists in an active GTP-bound state
and in an inactive GDP-bound state. In B cells ras is regulated by G'I'Pasc-activating,
protein (GAP) which stimulates the GTPase activity of ras favouring the nactive
GDP-bound form of ras (Gold e af 1992). In contrast, guanine nucleotide exchange
faclors {GNEFs) stimulate the release of GDP from ras aliowing GTP to bind. In B
cells ras appears to be regulated primarily by the GNEF, vay (Bustclo ef af 1992;

Gulbins ¢ af 1993). Vav is tyrosine phosphorylated and presumably activated

25




following RCR cross-linking (Bustelo and Barbacid 1992). Scveral GNEFs have been
described in mammalian systems. These include homologues of the Drosophila “son
of sevenless” protein (mSOST and mSOS2 in mouse) (Bowtell ef of 1992). Cellular
ras activity reflects a balance between GNEF activity and GAP activity. mSOS-1
translocates from the cytosol 1o the membrane where ras is localed (Buday and
Downward 1993). This is mediated by the adaptor proiein Grb-2 which binds mSOS-1
by means of its sre-homology 3 (SH3) domains (Rozakis-Adcock et e £993). In
addition, products of the she gene, p46™ and pS2™, have been implicated as upsiream
regulators of ras. The Grb-2/mSOS-1 complex binds to tyrosine phosphorylated she
via the SH2 domain of Grb-2 (Rozakis-Adcock ef ¢/ 1992). Recent studies have
shown that ligation of the BCR stimulates phosphorylation of she and mSOS-1
(Saxton ef «f 1994). This correlated with the formation of complexes containing shc,

mSOS-1, Grb-2 and an unidentified [45kDa tyrosine phosphorylated protein.

The third cascade activated following BCR cross-linking involves the activation of PI-
3-kinase (Burkhurdt ef af 1991 Gold et of 1992; reviewed in Cantley ef ¢f 1991). This
produces inositol lipids which activate a unique PKC isoform PKCE (Nakanishi ¢f af
1993). The role of sre-tamily kinases in the regulation of downstream signalling is
indicated by the discovery (that BCR activation leads to kinase association with
clfectors meluding PLC-y-2. GAP, MAPK and Pl-3-kinase (Burkhardt es of 1991,
Pleiman ef o/ 1993). PLC-y-2. GAP and MAPK associale with the N-teriminal 10
residues of the sre-family kinases. However PI-3-kinase binding occurs through an
interaction with the SH3 domain of the kinases lyn and fyn but not blk (Pleiman ef o/

1993). The region within PI-3-kinase responsible for this binding is & proline rich area
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lound in the regulatory p85 subunit (Pleiman e/ af 1994¢). Since BCR mediated
tyrosine phosphorylation has not been shown, it may be that the binding of the sre-

lamily Kinase SH3 domain regulates PE-3-kinase dircetly,

[n summary. a model of the immediatc events in BCR mediated signal transduction
was proposed (Cambicr ef af 1994) and Figure 1.2 indicates the early and late
sighaliing events occurring when the BCR is stimulated with antigen. Stimulation of
the BCR ]c-ads to the activation of a tyrosine kinase; candidales for this may be found
in the resting receptor complex, The [rst substrates to be phosphorylated are the
ARH-1 motif tyrosines of [g-a and [g-[B. It was hypothesised that phospborylation of
these motifs leads to the reorientation of associated sre-family kinases so that ST12
domains may now bind. Binding of these SH2 domains to the tyrasine phosphorylated
ARI-1 molils activates the sre-lamily kinases. The reorientation of the kinascs may
allow locusing of elfectors such as GAP, PLC-y-2 or MAPK via binding to the
kinase’s newly available unique region. The activity of these elfectors can be
mediated by subscquent phosphorylation. Reorientation of the Ig-a/sre family kinase
complex leads to SH3 domain binding to PI-3-kinase and thus its activation. In
addition, phosphorylation of Ig-o and Ig-$ may also lead to syk binding to the ARH-1
motifs and to syk activation. Precisely how coreceptors like CD22, FeyRIT and the

CD2I/CD19/TAPA-1 complex may modily BCR signalling remains unclear.
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Figure 1.2 Model of Signal Transduction through the B Cell Receptor Complex

(BCR)

The B Cell Antigen Receptor is a complex of antigen-binding slg with the membrane-
spanning signal transducing heterodimers Ig-a/Ig-p. Signal transduction by the BCR
is triggered by receptor cross-linking and depends upon an ARH-1 in Ig-a and [g-f3
which transmits signals from the BCR o the illustrated signalling components. These

act in concert with the cytoplasmic and membrane molccules shown.
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1.3 The Interleukin-2 Receptor

B lymphocyte growth and activation are regulated by signals transmitled after the
binding of antigen to slg and of cytokines to their specific receptors. Cytokines are a
sct ol small proteins whose expression, secretion, or both, is induced as a result of
antigen-stimulated eellular activation. "T'hese proteins act by binding to high affinity
receptors expressed on target cells and by inducing biochemical signals within those
cells that profoundly affect their behaviour. The binding of antigen to the BCR is the
initial event in 3 lymphocyte activation. The sccond signal that has been most
thoroughly investipated is that provided by contact with helper T cells and the

cylokines secreted by these cells.

One such cytokine. Interleukin-2 (IL-2), has plciotropic effects on lymphocytes,
including T. B and Natural Killer cells (Smith 1988a:h: Taniguchi er o/ 19806;
Robertson and Ritz 1992) as well as other hematopoictic cells (Benveniste and Merrill
1984: Malkovsky ef al 1987 Tispinoza-Delgado ef af 1990, Djcu ¢ of 1993). IL-2 was
Jound 1o be a potent proliferation and differentiation-inducing agent of B lymphocytes
after cross-linking of their slgs (Nakagawa ¢f af 19835 Defrance ef al 1988). The
effects of 11.-2 on these various cells are mediated through cell surface receptors. Over
the past few years. our understanding of the IL.-2 Receptor complex (IL-2R) has
increased substantially. It is now known that the [L-2R comprises at least three
subunits, the «, § and y chains, encoded by distinel genes. These subunits can be
expressed individually or in various combinations resulting in receptors that bind 1L-2

with very diffecent affinities. The IL-2R comes in three different forms; the high
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affinity 11.-2R (Kd = 10""'M) contains the three distinct subunits, the intermediate
allinity receptor (Kd = 10°M) is made up of the  und y chains and the low affinity

receptar (Kd = 10*M) consists of the o chain alone (Smith 1989).

1.3.1 The 1L-2 Receptor o chain (1.-2Ra)

The first 1L-2R component to be identified was the « chain, (variousty known as
C'D25, Tac antigen or 1L-2Ra). It is a 55kDa membranc glycoprotein (p35) capable of
binding JL-2 (I.eonard ef af 1983; Robb and Cirecne 1983). The deduced amino acid
sequence of the human 11.-2Rw predicts a mature protein of 251 amino acids with a
signal peptide of 21 amino ac-idé in length (Leonard ef af 1984; Nikaido ¢f af 1984
Cosman ef af 1984). The receptor has a short (13 amino acids) cytopiasmic domain
that is positively charged and presumably serves an anchoring function. The prolein
conlatns a hydrophobic 19 residue membrane spanning region and the majority of the
protein (219 amino acids) is extracytoplasmic, There are two N-linked carbohydrate

addition sites and multiple O-linked carbohydrate addition sites.

The ¢« chain is a non-signalling subunit and was thought to be the only cytokine
member of a farge family of binding proteins whose members include the complement
receptor proteins (Davie e¢f af 1986; Perkins ef af 1988). However, Gin ef af (1995)
recently identified and cloned a novel 1L-15 binding protein that 1s structurally related
(o the o chain of the 1L-2R. Together. the o chains of the 1L-2 and 11.-15Rs define a
new cytokine receptor family. Both proteins contain a short consensus repeat called a

“sushi domain”, Proteins containing this motil, such as Cls, Clr C4BP, Factor XIII,
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Factor I3 and Factor H. are proteins that bind 10 other proteins. In these proteins. the
sushi domains are often l[ound repeated multiple times; complement factor H, for
example, consists entirely of 20 sushi domains (Perkins ef o/ 1988). The IL-

2Ra contains two sushi domains; several residues in (he irst sushi domain have been
identihied as being directly involved in 11.-2 binding (Moreau ef af 1987: Robb er af
1988). Therelore. the o chains of the 1L-2R and IL-15R define a new family of
binding proteins [or helical cytokines. It remains to be discovered if this family of

molecules plays a role in other cytokine receplors.

I1.-2R has been found to be expressed on CD4” CD8 (double negative) thymoceytes
and activated T and B cells (Uchiyama er of 1981: Ceredig ef of 1985; Lowenthal ef «f
1986: Meuer ¢f of 1983; Waldmann ef «f 1984) and has been implicated in thymocyte
dilterentiation (Nishi ef of 1988; Tentort ¢f af 1988, Zuniga-Pflucker and Kruisbeek
1990; Carding ef of 1991) and lymphocyte proliferation (Waldman [989: Minami ¢f
al 1993; Taniguchi and Minami 1993}, IL-2Rw is also expressed on pre-B und
immature B cells in the bone marrow (Chen ef af 1994) suggesting a potential vole for
the IL-2R in early B cell differentiation. 1IL-2Ra is not constitutively expressed in
resting T and B lymphocyles and is upregulated by distinet groups of eytokines in
both T and B lymphocytes {Greene ef al 1989, Butcher ¢/ «f 1990; Bulcher and
Cushley 1991; Tomizawa ef al 1991; Zola ef ¢l 1991; Clipstone and Crabtree [994).
As IL~-2Ra has no overt signal transducing capacity its main role appears to be in the

generation of a specific high alfinily receptor for IL-2.
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1.3.2 The 1L-2 Receptor B chain {(IL-2RJ})

A sccond component ol the TL-2R was subsequently identified (Sharon ¢r af 1986:
‘Tsudo ef of 1986; Teshigawara er ¢f 1987, Dukovich ef of 1987) and was denoted the
B cham. 1L-2RP is a 75kDa protein that is constitutively expressed on lymphocyles.
IL-2Rf} cDNA encodes a protein consisting of' §51 amino acids {Hatakevama ef of
1989). The NI, terminal 265 amino acids apparently comprise the signal sequence,
[eaving 525 amino acids 10 make up the mature form of IL-2R. Within this, regions
of 214. 25 and 286 amino acids in length comprise the extracellular, membrane-
spanning and cyloplasmic regions, respectively. Several uniquc amino acid motifs are
Jound in the extracellular region of IL-2Rf; their resemblance to sequences found in
other cytokine receptors is discussed fater. The cyloplasmic region of IL-2Rp is larger
than that of IL-2Ru but does not contain any apparent catalytic motifs such as kinase
consensus sequences (Hanks ef af 1988). It can be divided into 3 sub-regions based
upon their amino acid compositions. 'Uhese have been designated as the “serine tich”™

region. the “acidic” region and the “ proline rich™ region.

1.3.3 The IL-2 Receptor y chain (11.-2Ry)

The third and most recently identilied I[.-2R component, 1L-2Ry, is a 64kDa protein
that also has structural homology (o these cytokine receptors (Takeshita ef o 1992;
Kamio ef ¢f 1992). IL-2Ry has a very low affinity for [L-2 by itself (Voss ef af 1993).

However, when expressed with 1L-2R[3, these two chains form an intermediate
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affinity receptor for 11.-2. In addition, the § and y chains of the [L-2R are utilised by
the 1L-13R {Giri ef al 1994). Morecover, the ¥ chain has been shown recently o be
shared by receptors for several other cytokines (JL-4, [L-7, 11.-9) (Kondo er af
1093,1994; Noguchi ef al 1993a, Russell ef a/ 1993, 1994) and is thus designated the

common y chain, yc.

A central role for the ¥ chain is supported by the fact that X-linked severe combincd
immunodeficiency (XSCID) oceurs as a direet result of y chain mutations {Noguchi er
al 1993b: Voss ef ¢f 1994), Paticnts with XSCID were shown Lo have mutations in
their IL-2Ry gene resulting in premature termination of the protein. XSCID is a rare
congenitat disease in man and is characterised by a marked decrease in circulating I
cells while B cells are present but poorly functional (Conley 1992), Other
haematopoictic cell lineages appear unallected. Therefore the IL-2Ry chain plays a

critical role in immune system [unctioning.

The protein structure of [L-2Ry has been deduced; the NH, ferminal 22 amino acids
comprise the signal sequence with the remaining 347 amine acids making up the
mature forim of the protein (Takeshitla ¢f o/ 1992). Within this chain, regions of 232,
29 and 86 amino acids constitute the extracellular, membrane-spanning and
cytoplasmic regions, respectively. The cytoplasmic region of [L-2Ry is considerably
shorter than that of 1L-2R3; it contains a sequence that appears homologous to an SH2
domain but with no apparent catalytic motifs. Both 1L-2Rp and yc chains appear to

participate in signal transduction (Arima ef ¢l 1992; Kishimoto ef aof 1994).
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1.3.4 The Cytokine Receptor Supertamily

Both [L-2R[} and yc are members of the ¢ytokine receptor superfamily (Bazan 1990a).

‘This is a large family of receptors for cytokines which regulate the immune and
haemalopoietic system. [t is characterised by an extracellular 200 amino acid region of
structural homology. This haematopoictic eytokiuc receptor family includes such
receptoss as [L-3R, [L-4R, 1L-5R, IL-6R, {L-7R, IL-9R. [L-15R, the erythropoietin
receptor (EPOR), G-CSFR, GM-CSFR and LIFR, in addition to the [L-2R {3 and v
chains) (Bazan 1990a; Miyajima ¢f of 1992: Taga and Kishimoto 1992). The family
also includes recepior proteins for factors which normally function outside the
immune system . for example, growth hormone and prolactin (Bazan 1990a, Davis ef
ol 1991). The homologous region common to all members of this family is
characterised by four conserved cystcine residues in the NI, terminal half of this
tegion and a Trp-Ser-X-Trp-Ser motif (where X is a non-conserved amino acid) at its

carboxy-terminal end. The region is composed of 2 fibronectin type 111 molecules

(Patthy 1990). [Zach consists of about 100 amino acids and contains 7 3 strands folded
to form a barrel-like structure tocated within the hinge region connecting the two type
1T modules and this is predicted o function as the ligand interaction sile (Bazan
1990a). Concurrent with [inding structural similarities within this receptor
super(amily, the respective ligands appear (o possess a common architecture

consisting of four « helices interconnecied by peplide loops (Bazan 1990b).
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1.3.5 1L-2 Receptor-Mediated Signal Transduction

[[.-2R[3 plays a critical role in transducing nitotic signal(s) in haematopoictic ccll
fincs. I'rom studies with tymphoid Tineage BAF-B03 cells expressing mutant 1L-2R[3
proteins with deletions in the intracytoplasnic domain, it was shown that the
cyloplasmic domain of H.-2R ) harbours two functional domains. One is the
membrane-proximal serine-rich region which is important in the transduction of the
IL-2 induced proliferative signals and the other is a more membrane-distal acidic
region with which tyrosine kinases are physically agsociated (Shibuya er ol 1992). 1t
should be noted that the serine -rich region contains a conserved streteh ol
hydrophobic amino acids. Replacement of leucine in this stretch with a proline may
induce a conformational change in IL-2RB because the resultant receptor is no longer

capable of transmitting the TL-2-induced mitotic signal (Mori er al 1991).

1.3.6. Signalling by the Cytokine Receptor Superfamily: JAKs

Tyrosine phosphorylation of cellular substrates is believed 1o play a crucial role in the
intracel]ular signal transduction pathways that regulate cellular activation and
differentiation (Hunter and Coaper 1985, 1986). Recently, a number of studies
showed that cytokine receptors associate with and activate members of the JAK

family of protcin kinases. JAK was originally an acronym for “just another kinase™; it
has also been proposed as an acronym for JTanus Kinase, Janus being the Roman god of

gates and doorways who is depicted with two faces looking in opposite directions.
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This refers 1o the structure of members of the JAK family whose most striking featurc
is the presence of two kinase domains. The domain proximal to the carboxy-terminal
contains all the consensus scquences associated with tyrosine kinascs (Hanks ef «f
1988). Immcdiately amino-terminal to this is a second kinase-like domain. This lacks
several residucs essential for kinase activity in other kinases and the tunction of this
domain is, as yet , undetermined. Interestingly, there is a lack of readily detectable
S112 or SH3 domains in the sequences amino terminal to the kinase domains. There
arc at least four JAK family members with identifiable blocks of homology between
them (Pawson and Gish 1992). These homologous regions may define the domains
responsible for the association of JAKs with mcmbers of the cytokine receptor

superfamily.

Various studics defined the importance of the JAK family in signalting through
cviokine receptors (Reviewed in [hle ef af 1993). These studies linked JAKs with
specific cylokine reeeptors. In the casc of the IL-2R. 1L-2 induces the tyrosine
phasphorylation of JAKT and JAK3. (Kawamura ef of 1994, Witthuhn er af 1994
Johnston er af 1994). In fact, JAK] associates with [L-2R and JAK3 associales with
[L-2Ry (Russell ef af 1994). This differcutial association of JAKT and JAK3 with 1L-
2R and ye is required {o transduce an 11-2 signal. Russell ¢/ ol (1994) also predicted
that defective ye-JAK3 association would be found in many XSCID patients. In
addition. the activation of JAK3 by all y, cytokine receptors is logical sincc yc
physically associates with JAK3. However, the activation of JAK1 by IL-2, IL.-4, [L-7
and IL-9 suggests that IL-4R, IL-7R and 11.-9R, like 11.-2R, all associate with JAK-1.

Because the [1L-15R also contains f and ye (Giri e af 1994), it seems reasonable to
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assume that 1L.-15 will also activate JAK 1 and JAK3. Further study determined that
JAK T and JAK3 were selectively associated with the serine-rich region of IL-2R[3 and
the carboxy-terminal of ye, respeciively. Both regions were essential for 1L.-2
signalling. Flowever, it is clear that the dillerent signals induced by different cytokines
whose receptors contain ve cannot solely be explained by the involvement ol JAK
and JAK3.

These findings show that 1L-2 signalling is ol a complex nature. In addition to JAK1,
[1.-2Rf} can recruit multiple protein tyrosine kinases (PTKs), such as sre family
kinases (Hatakeyama ef af 1991; Kobayashi e of 1993; Minami ef of 1993) and syk
PTK (Minami and Taniguchi 1995). There is direct evidence for a physical interaction
between 1E-2Rf and Ick (FHatakeyama ef af 1991). The cytoplasmic region of 11-2R[
containing (he acidic region is primarily responsible [or the molecular interaction with
lck. This can be separated from the additional region responsible for mitotic
signalling. the serine-rich region. lck tyrosine kinase is divided into three domains: the
N-terminal CD4 or CD8 binding domain, the modulatory domain containing the SH2
and SH3 domains and the kinase domain. The N-terminal half of the kinase domain is
responsible for its association with T1.-2R$. It secms Lhere may be redundant aud
hierarchical associations with, or activation of. the sr¢ family PTKs in a cell lincage
specilic manner;thus, kck, lyn and [yn each seem to participate in [L-2 signalling in

different cells (Hatakeyama ef af 1992: Torigoe et af 1992; Kobayashi ef o/ 1993).
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1.3.7 Other Biochemical Events in IL-2 Signalling.

Following 1L-2 stimulation, there is a rapid increase in intrace!lular pH as a result of
the activation of an Na'/H' antiport (Mills and May 1987). [t is unlikely that there is
involvement ol other well-characlerised biochemical pathways, such as activation of’
PKA or PKC or calcium mobilisation (Mills s o/ 1986, 1988: LeGrue 1988; Valge ef
«f 1988). Various substrates, including [1.-2Rp itself are phosphorylated on their
serine and threonine residues as a resull of stimulation with TE.-2 {Ishii ef af 1988).
The senne/threonine kinase involved is the ubignitous cvloplasmic kinase p70-75
Raf-1. This is activated possibly as a resull of phosphorylation on the sering, threonine
or lyrosine residues following engagement of the IL-2R (Turner ef «f 1991; Carroll ef
af 1990; Zmuidzinas ¢f af 1991). Raf-1 is the earliest substrate so [ar identitied that is
phosphorylated by tyrosine kinases upon [L-2 stimulaiton. Since Raf-1 rapidly
undergoes tyrosine phosphorylation and Ick rapid activation upon engagement of the

IL-2R, the activity of these two kinases may be mutually regulated.

In addition, stimulation of T cells by [1.-2 activates PI-3-kinase (Augustine ¢f af 1991,
Remillard ef al 1991, Merida et ¢/ 1991). Another possible signaliing mechanism
involves the hydrolysis of glycosyl-phosphatidyl inositol (GPL). Following [L-2
stimulation, GPI is rapidly hydrolysed generaling two potential signal mediators, a
glycasylated diacylglyeerol and an inositol phosphale glycan (Eardley and Koshland
1991; Merida ef af 1990). It has also been reported that [L-2R activation may lead 1o

signal transduction pathways involving cyclic AMP (Wickremasinghe e/ «f 1987) and
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experiments performed within this laboratory have indicated thal inducing 11.-2Ra

causes CAMP levels to increase in B cells (McKay and Cushlcy 1997)

1.3.8 Multiple Signalling Pathways elicited by a Single Reecptar.

Cytokines induce the expression of several genes including nuclear proto-oncogenes
in T lymphocytes (Cleveland er af 1987, Reed ef af 1985a, by and B lymphocytes
(Kelly er af 1983). On 11.-2 stimulalion, there is a rapid and transient increase in the
number of ¢-fos transcripts, as well as the more stable accumulation of ¢-myc and ¢-
myh transeripts (Stern and Smith 1986; Pauza 1987; I'rouche ¢f of 1991: Hatakevama

ef al 1992). 11.-2RP is involved in at least two distinet infracellular signalling

pathways mediating nuclear proto-oncogenc induction (Shibuya ¢/ af 1992), One
pathway involves tyrosine phosphorylation cvents mediated by the sre-family PTKs

and leads (o induction of the ¢-fos, c-jun and other genes of this family (Minami ¢f of

1993). There is also a kinase independent pathway which appears linked to c-aye
induction, From studies (previously mentioned in Section 1.3.5) with l¥ymphoid
lineage BAI-B03 cells expressing mutant IL-2R[ proteins with deletions in the
intracytoplasimic domain, it appears that an TL-2R mutant lacking the acidic region is
incapable of medialing induction ol c-fos. [t was shown, nevertheless, to be capable of
delivering proliferative signals accompanied by induction ol ¢-mye. In contrast.
mutation ol the serine-vich region of I1L-2Rf} could neither induce cell proliferation
nor ¢-mye induction (Shibuya ef ¢f 1992). Hence the serine-rich region may elicit an

as yet unidentificd signal that leads to c-mye induction. Studics with (ibroblastoid
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cells containing reconstituted 1L-2R complexes have also suggested the existence of
two distinct pathways for ¢-mye and c-fos induction generated from the 11L.-2Rye chain

{Asa0 ¢f af 1993).

1.3.9 The STAT Family of Transcription Factors

One of the important consequences of cytokine stimulation is the induction of gene
expression. A novel group of transcription factors known as STAT proteins (signal
transducers and activators of transcription) has been shown to be of importance in
signalling through receptors of the cytokine receptor superfamily. The STATSs were
originally identified as components ol the interleron (IFN) signalling system (Darnell
ef al 1994), IFN-o/} induces the formation of a transcription complex termed ISGF-3
which binds to the interferon-stimulated response efement (ISRE) and activates
transcription. The ISGI-3 complex consists of a 48kDa DNA binding compenent, an
84-91 kDa protein and a 113kDa protein, termed p48., p84, p41 and pl13 |
respectively: p91 and p84 are alternatively spliced products of the same gene. For
formation of the ISGF-3 complex and its migration 1o the nucleus p91/p84 und pl13
must be tyrosine phosphorylated; it is hypothesised that this tyrogine phosphorylation

is mediated by a JAK kinase.

Alternatively. stimulation of cells with IFFN-y causes p91 only to become tyrosine
phospharylated. Following phosphorylation, p91 migrates Lo the nucleus and

participates in DNA binding complexes that recognise gamma-activated sequences
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(GAS) in gencs thal are transcriptionally activated by II'N-y. These complexes do not

contain p48 bul may contain related proteins (Pearse ef ¢ 1993).

The p91/p84 and pt {3 components of the ISGF-3 complex are members of the STAT
family. Thus, STAT-Tovis p91, STAT-18 is p84 and STAT-2 is p113. The STAT
family is characterised by the presence of a carboxy-lerminal SI13 domain followed
by an SH2 domain. There are additional blocks of homology found in the amino-
terminal region of these proteins, A conserved tyrosine is found near the carboxy-
terminus that is phosphorylated and essential for function (Shuai ef ol 1993). STATs
bind to specific sequences related to the GAS found in the promoter regions of several
cylokine sensitive genes. There is wide variation in the sequences bound by specific
STATs. However, the elements are palindromic and have the general sequence T-1-

(N)-A-A (where N is a non-conserved base) (Seidel ef ol 1993).

It was demonstrated through the use of mutants for IFN signalling that functional
JAKs must be present to obtain tyrosine phosphorylation of STAT proteins, thus
suggesling that STAT proteins are direct substrates of JAKs. JAK1 and JAK2 are
associated with the 1I*N-y receptor and JAK 1 and TYK?2 are associated with the IFN-o
receptor. Since JAK] is activaled by both IFN-o/f and [TN~y and STA'I-1 is
phosphorylated after treatment with each lgand, then it can be hypothesised that

JAK 1 is the kinase directly phosphorylating STAT-1. Conversely, since STAT-2 is
only seen in response to IFN-a/p, STAT-2 could be a specilic substrate for TYK2. [n

fact, STAT-1 has much broader functions than simply the [IFN response.
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Recent evidence demonstrates that ligand-receptor interactions other than those
involving IFNs can activate JAK-STAT proteins and other STAT proteins have been
discovered. ‘Vhus, it scems likely that JAK-STAT pathways may be of some
importance in polypeptide-induced transcription (Sadowski ¢f «f 1993 Silvennoinen
ef al 1993; Ruff-Jamison e af 1993; Bouani ef ai 1993). A STAT-1-relaled protein has
been identilicd which associates with gpl130 and JAK 1 and is rapidly tyrosine
phosphorylated during the IL-6 response (Lutticken ef af 1994). It has been designated

STA'T-3 (Zhong ef «f 1994b; Kishimoto e af 1994)

STAT-4 was cloned (Yamamoto ef ¢/ 1994) and found to be functionally like other
members of the family in that it can be tyrosine phosphorylated by JAK 1 or JAK2 and
acquires y-activated sequences (GAS) binding activity. It is primarily expressed in
haematopoietic cells and in developing spermatogonia (Zhong ef af 1994a). 1L was
recently discovered that TE-12 can induce 1yrosine phosphorylation of STAT-4 in

human T lymphocyles (Jacobson ef af 1995; Quelle ef al 1995).

STAT-S s expressed in the spleen, bone marrow and thymus. There are two STAT-3
proteins, STAT-5A and STAT-5B which are the products of distinct genes (Azam e¢f
al 1995, Mui er af 1995). Cytokine receptors which contain a common B chain such
as [1.-3. 11.-5 and GM-CSF appear to be involved in signalling through the tyrosine
phosphorylation o STAT-5. In the murine system, [L-3, [L-5 and GM-CSF all induce
tyrosine phosphorylation of STAT-5 whereas in humans [1.-2 activates STAT-5. In

bumans, STAT-5 is phosphorylated by JAK3, a result entirely consistent with the
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finding that the C-terminal region of the I1.-2R chain is required for STAT-5

activation (Fujii ef af 1995).

Finally, STAT-0 was discovered (Hou ef of 1994). This is an I1.-4 regulated STAT
protetn; it appears that the o chain of the 1L-4 receplot confers specificity for STAT-6
activation. In the case of 11.-2 mediated signal transduction, 1L-2 does nal activate
STAT-1.20r 3 in T cclis (Beadling ef af 1994). As previously stated, STAT-5 is
activated by 11.-2 (Fujii e¢f a«f 1993) and STAT-6 also appears (0 be a substrate for 11.-4
-driven tyrosine phosphorylation in T cells (Quelle ef a7 1995). Therefore. since both
iL-2 and {L-4 receptors have a common ye subunit that selectively associates with
JAK3 (Miyazaki ef af 1994), it is possible that STAT-5 and STAT-6 activation in T

cells is mediated by JAK3.

in conclusion, 11.-2 signalling is a complex process involving a large cast of molccules
and a schematic diagram outlining the pathways involved is illustrated in Figure 1.3,
Much remains 1o be elucidated before we will be able to fully understand the signal
transduction pathways that activaie target genes in the nucleus in response to

stimulation of the 1IL-2R on the cell surface.
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Figure 1.3 Summary of the Signal Transduction Pathways Through the High

Affinity Interleukin-2 Receptor.

1L.-2 binds to the high affinity heterotrimeric IL-2R, causing Jak-1 and Jak-3 to
associate with specific residues within the cytoplasmic tails of the receptor together
with Raf-1, syk and sre-family Kinascs. These causce signalling via certain sccond
messenger pathways and induction of various genes through the binding of

transcription factors.
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1.4 The IL-2Ra Promoter Region

One approach used 1o clucidate cytokine signal transduction is the identification of ¢is
response elements within genes and their corresponding transcription factors which
respond to cylokine signals. The IL-2Ra gene has been well-characterised in 'Y
lymphocytes: a number of ¢is regulatory clements within the promoler region have
been mapped and their corresponding frans-activaling factors identified. Therefore,
this scetion will deal largely with what is known in T lymphocytes and then relate this

to what is currently being cxplored in B lymphocytes.

One reason why the 11.-2Ra gene has been so extensively studied in T lymphocytes is
because infection of CD4' T fymphocytes with Type 1 Human 1" Cell Leukacmic
Virus (H'TLV-1) leads to constitutive IL-2Ra gene expression and cell
immorialisation {Gootenberg ef ol 1981, Depper ef f 1984; Waldmann e/ of 1984;
Uchiyama ef o/ 1985). This pathogenic retrovirus has been implicated as the cause of
aggressive and often fatal adult T cell Leukaemia (ATL) (Reviewed by Wong-Staal
and Gallo 1985). Palients with this leukaemia may suffer from epidermal or dermal
leukaemic T cell infiltrates. hypercalcemia, osteolytic hone lesions and infection with
opportunistic organisms (Bunn ef ¢/ 1983). HTL V-1 encodes a 40kDa trans-acting
regulatory protein termed Tax (or alternatively Tat-1, pX, xlor, p40*, TA-1) {Yoshida
and Seiki 1987} which activates HTL.V-1 long terminal region (LTR) and can induce
transcription ol various cellular gences including IL-2Ra and 1L-2 (Inoue ¢/ al 1986;
Cross ef ol 1987, Muniyuma ef al 1987, Siekivilz et of 1987; Ballard er a/ 1988

Bohnlein es of 1988, Lowenthal er af 1988:).
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Early studics of IL-2Ra gene expression indicated a 1352 base pair (bp) fragment 57
to the 1L-2Ra pene which was shown (o possess promoter activity when fused to a
CA'l reporter gene (Leonard ef af 1985). In addition, 5° elements required for [L-2Ro
activity in [ITLV-1 transformed 1 cell fines and in Jurkat cells were mapped (Cross ef
«l 1987, Greene ¢f ol 1989). Since data obtained from tumour ‘I celf models and ccll
lines are nol necessarily representative of resting T lymphocytes present in peripheral
bload. similar studies on primary T cells were later done (Lowenthal ef o/ 19894,
Algarte ef al 1995). These studies showed that & proximal I[.-2Ra promoter/enhancer

region (positioned -276 1o -274 refative to the transcriptional initiation sile) contained

4 putative binding sites for nuclear Tactors that apparently positively regulate its

g
B
e
-3
“r
=

transcription (NFIL-2RA, NF-xB, SRF and Sp-1). Latterly, this has been designated
“Positive Regulatory Region I” (PRR,) since, in all, there are now at least three
positive regulatory regions (PRR, ;) within the human IL-2Ra promoter region.
PRRy,. like PRR,. ties close to the transcription initiation site between positions -137

and -64. This region contains binding sites for at lcast two DNA binding proteins, an

ets family protein, Elf-1, (Thompson ef af 1992) and the non-histone chromatin-
associated protein HMG-I(Y) (Ellon and Reeves 1986; Johnson ¢f af 1989 Lund et af
1986). PRRy, lics some distance upstream of the 57 eap site, between nucleotides -
3780 and -3703. It contains & potential binding site [or STAT-5 as well as consensus
seguences lor EIf-1, FIMG-I(Y) and a member of the GATA family. In addition to
these positive regulatory regions, there are two negative regulatory regions. NRET and
NREIL tocaled between nueleotides -400 and -368 (Smith and Greene 1989) and

between nucleotides -317 and -342 respectively (Lowenthal ¢f af 1989h). Thus,
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muitiple regulatory clements are involved in IL-2Rw gene activation and a schematic

diagram iljustrating the J1.-2Ra promoter region is illusirated in Figure 1.4 (page 60).

1.5 The Positive Regulatory Region I (PRR)) in the IL-2Ra Promoter.

1.5.1 Upstream Element 1

Upstream element-1 (ULE-1, [-289 1o -269]) within PRR, is the binding site Tor the
poorly defined 50kDa nuciear binding factor, NFIL-2RA, which is apparcntly
involved in basal ranscription activity (Ballard ef al 1989; Lowenthal ef af 1989;
Toledano ef af 1990). Deletion of this upstream element from a fully functional 1L.-
2Ra promotor construet produced a loss of both PMA and TNF-a mediated induction

ol the 11.-2Ra promator in T cells (Ballard er of 1988, Lowenthal e¢f al 19894, b).

1.5.2 The «B Elecment

(el retardation studies coupled with chemical footprinting and methylation assays
(Ballard ez ol 1988) served 1o map the binding site for one or more inducible proteins
1o a. region located between bases -267 and -256 (Bohnlein ¢f «f 1988; Ballard ef «f
1988). Comparison of this 12bp promoter segment with sequences of other known
protein recognilion sites revealed a striking similarity to the binding site for the
transcription [actor NF-kB (Bohnlein ef of 1988, Leung and Nabel 1988; Ruben et of

1988, l.owenthal ¢f af 1989b). NF-«B is a ubiquitous transcription factor whose
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properties seem to be most extensively exploited in cells of the immune system. xB-
like regulatory motifs have been detected in « variety of cellular gencs involved in the
immune response, including those encoding « light chain Ig (Sen and Baltimore

[986). MHC Class I antigens (Baldwin and Sharp 1988) and 1L-2 (Hoyos ¢f af 1989).

Five independent gences have been identified which encode transcription activatar
proteins which recognise the kB motil; all are classified as members of the ref family
ol transeription factors. 'The Rel protein family bas been divided into (wo groups
based on differences in structure. function and mode of synthesis (Basuerle and
Henkel 1994). The first group consists of p50 (NF-xB1) and p52 (NF-xI32) which are
synthesised as precursor proteins of 105kDa and 100kDa.respectively. The mature
proteins possess a “Rel homology” domain of 300 amino acids which includes DNA
binding and dimerisation domains and a nuclear localisation signal. They form
functional dimers with other members of the Fanily while dimers containing
unprocessed proteins remain in the cvtoplasm. The second group of Rel proteins
includes pa3 (Rel A), Rel (c-Rel), Rel B and the drosophila Rel proteins, dorsal and
Dif. They are not synthesised as precursors and possess one or more transcriptional
activation domains. in addition to the Rel homology domain. The subunit composition
of the diffcrent complexes defines the fine specificty of binding to the larget
sequences and their transactivating activity (Perkins ef af 1992; Lernbecher ef of

1593).

In the case of [L-2Ra gene expression, Costello ef af (1993b) reported thal in resting

T cells the kB region was bound by NF-kB p50 homaodimers that were constitutively
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present in the nueleus of resting celis. On activation, there was binding by NF-«[
P50-p65 heterodimers and probably ¢-Rel homodimers, Further support for this theoty
was produced by separate experiments which again suggested that PKC expression,
which triggers expression ol IL-2Ra in T cells, induced NI*-xB3 activation through the
induction of p65 and c-Rel in the nucleus where they bind the [L-2R« promoter as
heterodimers with pS0 (Pimental-Muinos ¢f af 1994a). Several lines of evidence
mdicate that this kB site in the [L-2Ro promoter is {functionally important. Deletion of
this site rom a lully active 1L-2Ra promoter construct or point mutations within the
element results in complete abrogation of PMA and TNF—a inducibitity of IL-2Re
(Ballard ef «f 1988, Lowenthal er af 1989a, b). Secondly , a fragment containing the
B element conlesred milogen and cytokine inducibility to a thymidine kinase
promoter-CAT construct (TKCAT) (Ballard ¢f o/ 1988, Bohnlein ¢f o/ 1988.
Lowenthal e/ af 1988, 19894, b). In fact, the element displayed enhancer-like
properties since it functioned independently of orientation and reiteration of the
binding site led to an amplification of the induced response. Thus. it is clear that this

kB clement plays a crucial role in the induction of the IL-2Ra gene in human T cells.

1.5.3 'T'he Serum Response Element

Directly downstreain [rom the KB element is a flanking Serum Response Element
(SRE) /7 CAvG box |-253 w0 -243]. SRE 1s a major cis elenent responsible for the
induction of ¢-fos transeription in response to a variety of mitogens (Treisman 1992)
and binds a transcription factor known as the Serum Response Faclor (SRF). The

proximity of k13 and the SRE /CArG box raiscs the possibility that both elements act
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in cooperation. as suggested by previous regulatory element mutagenesis and gel
retardation studies (Kuang ef af 1993). It has been proposed that c-Rel/p50
heterodimers synergise with SRF to give a high fevel of 11.-2Ra promoter activity. In
addition, both ¢-Rel and p65 can cooperate with SRF to activale gene transcription
(Pieree ef af 1995). Thus, more than one member of the Rel tanily can cooperate with
SRF in transeriptional activation. These studies also indicated that p50 homodimers
hound strongly Lo the k13 site but did not activate transcription. Thus, it may be that
the binding of SRF, readily present in the nuclci of resting T cells, (o the SRE / CArG
box of IL-2Ra is tmpaired by stably bound p50 homodimers to the flanking kB

element.

Another possibility is that the SRE / CArG box could be occupied by another CArG
box-binding protein, YY-1. This recognises the downstream part of the CArG box
(Natesan and Gilman 1993). YY-1 is a ubiquitousty expressed zinc finger protein with
degenerate DNA binding specificity (Hahn 1992) which allcets promoter activity
positively or negatively by affecting promoter structure rather than directly contacting
the transcriptional machinery (Natesan and Gilman 1993). However, the majority of
studies Javour a role for SRF in human IL-2Ra gene regulation (Lin ¢f ¢f 1990;
Roman ¢f ¢/ 1990; Toledano ef ¢ 1990; Kuang ¢f ¢ 1993, Pimental-Muinos ¢/ of

19944, b).
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1.5.4 The Downstream Element

Again dircetly downstream of the kB element is a GC box [-245 1o -240] which binds
the transcription factor, Sp-1. One of the most striking fealures of the IL-

2Ra promotor 1s that CArG and GC boxes overlap by three nucleotides. Site directed
mutagencesis and transient translection assays in Jurkat T cells suggest that Sp-1 acts
as a repressor of 1L-2Ra expression, perhaps by competing for the binding of SRT-
like nuclear factors to the overlapping SRE/ CArG box (Roman ¢f of 1990).
IHowever, this theory remains controversial; other data suggests there is not a
repressor role for Sp-1 by steric hindrance (Pimental-Muinos ef af 19944, by Algarte ef

al 1995).

1.6 The Positive Regulatory Region Il (PRR ) in the IL-2Ra Promoter.

PRR, is a potent inducer which al least partially regulates inducible 1L-2Ra
expression. IHowever, the sequence of this region is not well conserved in mice
(Suzuki ¢f af 1987). Recently, a second repulatory region was characterised within the
human IL-2Ro promoler and designated PRRy, (John ef af 1995). This region is
located between nucleotides -137 and -64 relative to the transcription initialion site
and contains binding sites for at least two DNA-binding proteins. Deletion of thesc
sites greatly reduced [L-2Re gene transcription even when the potent PRR, region

was intacl. Unlike PRR,. PRR; is strictly conserved between mice and humans.
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Within PR, 1s a GGAA purine rich motif (-91 1o -94) which is a potential Eis
binding site. In lact, the Ets binding protcin, ElI-1 was found to bind PRRII in vitro.
EIf-1 is a protein specific to lymphoid tissues which is closely related (o the
Drosophila E74 protein (Thompson ef af 1992, Wang ¢f af 1992). [n addition, there is
a 19 base pair AT rich sequence (-116 to -98) which is a major HMG-1(Y) binding
site. [IMG-I(Y) proteins are low molccular weight (10-11kDa) high mobility group
proteins that bind in the minor groove of AT rich sequences and induce strong
bending, in the DNA helix (van de Wetering and Clevers 1992; Giese er af 1992),
There are two further potential HMG-1(Y) binding sites betwen nucleotides -128 and -

123 and between nucleotides -90 and -84.

Both Elf-1 and HMG-I(Y) can interact with each other in the absence of DNA and it
has been proposed that interaction with HMG-[(Y) may allow Cif-1 to mainiain a
transcriptionally active confirmation (John ¢f af 1995), Elf-1 can also interacl wilh
NF-kB p50 and ¢-Rel, both of which have been implicated in the inducible expression
of the TL-2Rx gene (‘Fan ef ¢/ 1992). Moreover, this interaction is conhanced by the
presence of HMG-I(Y). Thus, HMG-I{Y) may act as a “molecular glue™ between Elf-
I and NF-kB and its ability to bend DNA (l.ehn ef a/ 1988) could also facilitate
protein-protein interactions promoting the formation of an active transcription

complex.
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1.7 The Positive Regulatory Region 111 (PRR,) in the 1L-2Ra Promoter.

In mice, the [L-2Ro gene has an IL-2 Response Element localed about 1.3 kilobases
upstream of the 57 cap site (Sperisen ef o/ 1995). A sequence similar {o this bas
recently been identified within the human I1L-2Ra promoter (John ef ¢/ 1996; Lecine
et uf 1996) and designated PRR,,,. [t is located between -3780 and -3703 and contains
two potential binding sites for STAT family proteins (GAS motifs), a GATA site and
twa Uits binding site (FBS) motifs. The two GAS sites, GASd [TTCN).GAA| and
GASp [TT(N};AAT are located between nucleotides -3181 and -3173 and between
nucleotides -3161 and -3153, respectively. GASd averlaps with an EBS motif while
GASp overlaps with a GATA site (TGATAA). There is another EBS consensus site
located between nucleotides <3138 and -3133, designated EBSp indicating it is the
proximal EBS element. Both consititutive and inducible factors bind to these PRR,,,
sites im vitro, In T cells, 1L-2 is required for the maximal and prolonged expression of
11.-2Rex (Speriscen ef af 1995) and the PRR,, has been shown to possess [L-2-
dependent enhancer activity (John ef al 1996; Lecine ef al 1996). H has been
hypothesised that STAT-5 plays a major role in controlling PRR,,, activily since
GASd binds STAT-5a and STAT-5b proteins in vifro which are activated by I1.-2.
The GASd site overlaps with an EBS motif which binds a constitutive complex; this
contains EIf-1 as well as Its-1 and/or Ets-2. On induction of the gene with IL-2, this

15 believed to be disrupted by binding of the STAT-5 proteins to GASd.

There s also a putative GATA binding motif which overlaps GASp. GATA family

proteins contain a highly conserved amino acid domain which binds the GATA
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sequence motil (A/TGATAG/A) through a unique C4 zine finger structure (Orkin
1992). Surprisingly, experiments have suggested that GA'TA-1 (or possibly a related
protein), previously thought only 1o be found in cells of the erythroid lineage
(reviewed in Weiss and Orkin 1995), bound PRR,, as part of a complex that also

containg STAT-5 and EH-[ proteins.

It has also been proposed that HMG-I(Y) proteins may play a role in the regulation of
PRRyy, aclivity. similar to that played in the regulation of PRR,;. There are two
polential HMG-I(Y) binding sites, one juxtaposed to the EBSp site, the other
overlapping the GATA motif. Thus, HMG-I1(Y) may also function 1o modulate the
architecture ol PRRy, facilitating interactions between the key regulatory proteins

like EIf-1, STAT-5 and GATA-1.

1.8 The Negative Regulatory Regions

There are two negative regulatory elements, NRE I and NRE 11, within the TL-2Ro
promolar located between nucicotides -400 and ~368 (Smith and Greene 1989) and
between nuelcotides -317 and -342 (Lowenthal e/ al 1989b) respectively. NRE T isa
31bp region which contains an 11bp core element (TTCATCCCAGG). This core
clement is similar 1o a binding site present in the LTR of the Human Type 1
Immunodeliciency Virus (HIV-1) (nine from eleven bases) that binds in vitro 1o a
S0kDa protein (SP30) (Smith and Greene 1989). This HIV-1 L'TR has been implicated
in the negative regulation of HIV-1 gene expression (Rosen ef af 1985). Introduction

of a point mutation within this 1 [bp core element enhanced basal and PMA inducibie
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activity of the 1L-2Ra promoter in human ‘T cell lines (Smith and Greene 1989). 1n
addition. the mutation disrupts binding of SP50. Therefore, NRE I apparcnily acts as a
transcriptional silencer. This mechanism could be comparable with that seen in the
transcriptional induction of the B-IFN gene which appears to involve the displacement
of a sileneer protein from the promoter. thus permitting the binding of other
transcription factors to adjacent or overlapping positive reguiatory domains
{Goodbhurn and Maniatis 1988). Similarly, the IL-2 gene is negatively regulated by a
specilic protein binding to an NRE. 'Iranscriptional activation depends upon the

inactivation or displacement of this protein (Nabel ef af 1988).

There is a sceond element within NRE 1 which is homolagous to a retinoic acid
response element (RARE). This is located immediately 3° to the 11bp core NRE
element (Bhatti and Sidcli 1994). The identity of the protein binding to this RARE
motif remains 1o be defined. The RARE site docs contain a consensus motil for AP-2

binding.

In fact there are several new putative binding sites in the vicinities of both NRLs.
These contain the consensus binding site [CIA/THT/GYANN(C/T)] of a poorly
characterised regulatory element originally described as a y-1FN response element y-

IRE (Yang ef al 1990).

In summary, there are numerous regulatory elements involved in [L-2Ra gene
aclivation and these are illustrated in Figure 1.4, There is apparently a major role for

the NF-kB transeription factors. However. this ubiquitous family of factors lacks the
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specificity characteristics required (o explain the strict IL-2Ra gene transeription
regulation, Theretore it is likely that NF-kB cooperates with SRF to induce 1L.-2Re
prometor activity. There are two further frans-acting factors which may be involved.
NFIL-2RA and Sp-1: their involvment in the induction remains uncertain. Together
these four DNA-binding sites constitute PRR,. There are two further positive
regulatory regions, PRR, and PRR . Tt scems likely that PRR; is involved more in the
control ol basal promoter activily with PRR, and I’RR,,, contributing to the inducible
regulation of the gene. In addition, there are two NRE regions upstream from the kB
motif. Proteins binding to these regions may lead to the functional silencing of the

gene.
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Figure 1.4 A Schematic Diagram Showing the IL-2Ro Promoter in T Cells.

The main elements of the promoter region of the IL-2Ra gene are illustrated as boxes
with distinct styles and the location of the elements relative to the transcription

initiation site are shown as numbers along the bottom of the boxes. The complexes of
transcriptional regulatory factors which interact with each motif are shown above the

hoxes.
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1.9 The LL-2Ra Promoter in B Cells

In compatison to T lymphocyles, there has been relatively little work done on the
transcriptional events which facilitate IL-2Ra gene induction in B lymphoceytes.
[xperiments have been performed by this laboratory to determine whether B cells
contain DNA-binding proteins which specifically bind to any of these regulatory
elements and which receptor-ligand interactions on the B cell surface can fead to

induction of the IL-2Ru gene. These studies are discussed in Chapter Five,

An IL-4 Responsive Element (TTCTAAGAA) was identified in the promoter regions
of the CD23b and [e genes (IL-4RE) which is specifically bound by the novel 17.-4
induced transeription factor, NFIL-4 (Kohler and Rieber 1993). A sequence
homologous o 1L-4RE is found in the IL-2Ra promoter between nucleotides -306
and -298. The protein NFIL-4 which binds to (his sitc appears to correspond to the
recently identilied transcription factor known as STAT-6 (alternatively known as 11.-4
STATY (Hou et ¢f 1994). This is a 100kDa protein which, when discovered, was
{found 10 have substantial similarity to the STAT family of transcription factors. The
most significant segments of sequence similarity corresponded to three regions, one
consisting of approximately 50 amino acids located to the NH,-termini ol all STAT
proteins and iwo more centrally located regions which were predicled to specify SH2

and SH3 domains.
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1.{0 Aims of the Project

The aims of my project were to investigate the factors which could induce expression
of IL-2Ra in human tonsillar B lymphocytes. In particular, it was determined that [
would focus on how signals through the antigen rcceptor would affect [L-2Ra
expression and thus cause the B cell to proliferate and diflcrentiate. Finally. the role of
transcription factors which bound the 1L.-2Ra promoter region were to be studiced in
order to determine which were important i causing [1.-2Rw to be up-regulaled and
which, il any. were under the direct control of signals transduced by the antigen

rceeptor.
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2.1 Materials

2.1.1 Chemicals

All routine chemicals were of the highest grade available and were supplied by the Sigma

Chemical Company of Poole, Dorset, U.K., undess otherwise stated below.

2.1.2 Human Tissue

Tissue was oblained from juvenile male und female tonsiliectomy patients at the Royal
Itospital for Sick Children, Yorkhill, Glasgow (courtesy of Mr Carachi). From these we
obtained resting I3 cells. 'The reason for the removal of the tonsils was not known. However,
the children were gencrally young and it is unlikely that they had heen exposcd to any chronic

infcetions. In addition, any tissue which appeared infected was immediately discarded.

2.1.3 Cull Culture Materials

The following tissue culture supplies were obtained from Gibeo-BRL Life Sciences, Paisley,

Scotland, U.IK.:-

RPMI-1640 medium
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Glutamine
Peniciilin / Streptamycin
Foctal Calf Scrum

Trypan Blue was obtained [rom the Sigma Chemical Company, Dorset, U.K..

2.1.4 B Cell Separation Materials

Percolt Sigma.

Ficoll-Flypaque (1.077g/ml) Pharmacia, Uppsala, Sweden.

Sheep Red Blood Cells in Alsever’s SAPU, Carluke, Lanarkshire, Scotland.
Solution UK.

2-Aminoethylisothiouronium bromide Sigma,

(AET)

2.1.5 Radiochemicals

The following radiochemicals were obtained from Amersham International ple.

Buckinghamshire, U.K.:-

(Methyl-["H]) Thymidine 44Ci/mmol

v-|**P|-Adenosine Triphosphate 5000Ci/mmol
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['“C1-chloroamphenicol 50-62mCiymmol

2.1.6 Cytokinces

[L-1a, IL-16, 1L-3, 11.-5, [1.-6 and TL-8 Geneva Biomedical Research Institute.
Cieneva, Switzerland,

TNT-a British Biotechnology, Abingdon, U.K.

[L-11 Genetics Institute, Cambridge, MA. TUSA,

iL-2 Genzyme, Kent, UK,

{L-4 Immmunex, Seaitle, WA, USA.

IL-7 and TL-13 R&D Systems. Abingdon, UK.

2.1.7 Gel Electrophoresis Materials

40% Acrylamide / Bisacrylamide solution (29:1) from Biorad Laboratorics, CA, USA.

Ammontum Persulphate and TEMED from Sigma.

2.1.8 Antibodics

Polyclonal Goat anti-human Immunoglobulin -~ Sigma

65




Goat anti-human IgM (i heavy chain

specific),

CGoat anti-human IgD (6 heavy chain
specific).

F(ab™), (ragment anti-human IgM (u heavy
chain specific),

F(ah"), [ragment anti-human IgD (& heavy
chain specific).

Affinipure Goat anti-human 1gG (H&L),
Affinipure I'(ab’), fragment Goat anti-human
IgG (H&L),

Aflinipure Fab [ragment Goat anti-human
[eG (H&L).

Monoctonal Mouse anti-human CD40
antibody

FITC-conjugated monoclonal mouse anti-
human [L-2 Receptor,

RPE-conjugated monoclonal mouse anti-
human CD19.

Biotinylated mouse anti-human CD23

Streptavidin-Quantum Red conjugate

6o

Southern Biotechnolopy Associates Inc.,

Birmingham, AL, USA.

Jackson Immunoresearch L.aboratorics Inc..

PA., USA.

Serotech, Oxflord, UK.

DAKO, Denmark.

The Binding Site, Birmingham, U.K.

Sigma




2.1.9 Oligonucleotides

The tollowing oligonucletides were obtained from Promega, WI, USA:
CREB Conscnsus Oligonucletide STAGA GATTGC CTG ACG TCA

GAG AGCTAG T

AP-1 Consensus Qligonucieotide 5STCGC TTG ATG AGT CAG CCG
GAA Y
NF-kB Consensus Oligonucieatide 37 AGT TGA GGG GACITT CCC

AGGCY

The following oligonuclelide was obtained from CRUACHEM, Beatson Institute, Scotland,
U.K.:
IL-4RE Cansensus Oligonucieotide 5 CAGTGC CAAGAAGTGCTT

GCT ¥

The following oligonucleotide was obtained courtesy ol J, Winnie, Beatson Institute, Scotland,
U.K.:

NRE Consensus Oligonucleotide 5 TTC ATCCCA GG 37

2.1.10 Plasmids

CD25 Reporter Gene Plasmids were constructed by Dr E. Hewitt, Division of Biochemistry

and Molecular Biology, University of Glasgow, UK. (Hewitt ef a/ 1997),
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2.1.11 Enzymes

T4 Polynucleotide kinase was obtained trom Promega, MA, USA.
T4 Polynucleotide kinase 10 x Buffer Stock:-

700mM Tris-HCI, pH7.6

100mM Mg('l,

SOmM DTT

2.2 BUFFERS

Phosphate Buffered Saline (PBS) pH7.2

170mM NaCl
3.4mM KClI
[Omivt Na,HPO,

| .$mM KH,PO,

TBE Butfer
89mM Tris-HCH, pH&.0
89mM Boric Acid

20mM EDTA
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Tris-EDTA (TE) Buffer
10mM Tris-HCIL, pHS8.0

ImM EDTA

69



2.3 METHODS

2.3.1 Preparation of B Lymphocytes from Human Tonsils

2.3.1(a) AET Treatment of Sheep Red Blood Cells

5ml of sheep ervthrocytes were centrifuged and washed twice in incomplete medium (RPMI-
1640 medium containing 100 L.U./ml Penicillin / Streptomycein). At the same time, 102mg of
2-aminoethylisothiouronium bromide (ATZT) was dissolved in 10ml distilled water, adjusted to
pH9.0 with 5M NaOH and filter sterilised. 4ml of the AET solution was added to the washed
sheep erythrocytes and the suspension incubated at 37°C. After 20 minutes, the cells were

washed five Limes in incomplete medium and then cesuspended in 9mis of incomplete medium.

The AET-treated Sheep Red Blood Cells (AET-SRBC) were stored at 4°C for up to one week.

2.3.1{b} Isolation of B Cells

Cells were obtained by teasing apart excised tonsils foillowed by passage through « fine mesh
to obtain a single cell suspension. Mononuclear cells were obtained by centrifugation over
Ficoll (1 part Iicoll: 1 part cell suspension) at 1400rpm for 15 minutes. The mononuclear cells
were removed from the interface and then washed twice in incomplete medium. The cells were
then resuspended in incomplete medium (see Section 2.3.1a) and 10% (v/v) AET-SRBC was

added. After incubating for 15 minules at 37°C, the suspension was centrifuged at 800g for 5




minutes and 10% (w/v) FCS (heat inactivated) was layered on top of the resulting pellet. This
was left on ice for 30 minutes. Afier the incubation, the pellet was gently resuspended hy
rocking, the sample layered onto Ficoll and centrifuged at 1400g for 20 minutes, B
lymphocyles were removed from the interface and washed twice in incomplele medium, The

cells were then resuspended in 1.5ml of incomplete medium.

2.3.1(¢) Separation of the B Ccell Populations by Pereoll Gradient Centrifugation

Percoll gradicnts were prepared as described by Rateliffe and Julius (1982). Percoll densities

of 1.09, 1.08. 1.075, 1.065 and 1.055 g/ml were prepared from an iso-osmotic stock (9 parts

Percoll: 1 part 10xPBS) using the formula:

V=Vl pi-p)

(P -py)
where p; = the density of the stock iso-osmotic percoll
p — the density of the solution produced
V., = the volume of diluting medium

V, = the volume of stock iso-osmotic percoil.

1ml of each density ol Percoll sofution was laycred into a 15ml centrifuge tube starting with

1.09g/ml and decreasing in density to 1.055g/ml. The B cell suspension was layered onto this

and a covering layer of Iml incomplete medium was pipetted on top. The gradients were
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centrifuged at 2200rpm for 30 minutes. Resting B cells are small, high density cells and these
were hatvested {rom the 1.09/1.08 g/ml interface. After removing the B cells from the
interface, the cells were washed three times in incomplete medium and then used immediately.
An aliquot of cells was removed at this stage and anafysed by FACS analysis using antibodies
conjugated to anti-CD3 and anti-CD19 (o determine how pure the B cell population was. This
method routinely produced a population of cells that was greater than 95% 13 cells (data not

shown).

2.3.2 Cell Culture of Human Tonsillar B Lymphocyies

Cells were maintained in complete medium (RPMI-1640 supplemented with 10% (w/v) loetal
calf serum, heat inactivated at 56°C [or 30 minutes, 2mM [-Glutamine and 100 1.U./ml
Penicillin/Streptomycin). Cells were cultured for the times indicated in the text and fipurc
legends and with the appropriate concentrations of cytokines and antibodies. Cells were
cultured in 25cm” flasks, 24 well or 96 well plates at 37°C in a 3% CO? atmosphere,

Preparation and maintenance of the cclls was carried out in a Laminar Flow Cabinet.

2.3.3 Determination of Cell Viability.

Cell viability way determined by mixing | volume of cell suspension with 1 volume ol 0.4%
(w/v) Trypan Blue. Viability was determined on the basis that dead cells take up Trypan Blue.

The numbers of live and dead cells were counted using a Neubauer hacmocytomcter. The
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average number of cells per 16 square grid was multiplied by 10? and the dilution factor taken

into account to cstimate the number of cells per ml of culture,

% viability — number of live cells X 100

‘I'otal Cell Number

2.3.4 Stimulation of Resting B Tonsillar Cells with Anti-Ig, Anti-CD40 and 11.-4

Cells were cultured in 24 well plates in complete medium at a concentration of 10° celis per
well in a final volume of 1ml. Varying concentrations of anti-Tg, anti-CD40 antibodies or 1L-4
difuted in complete medium were added Lo wells etther separately or in combination. The cells
were then incubated for 24 hours al 37°C at 5% CO, atmosphere and harvested for use in

IFACS analysis.

2.3.4 Flow Cytometric Analysis

2.3.4(a) Two Colour Flow Cytometry

Aliquots of approximately | x 10° cells were removed from cultures, petleted, washed twice in

ice-cold PBS and resuspended in PBS to give 1 x 10° cells/30ud. Two different antibodies

which were directly conjugated o fluorescent markers (FI'TC and PE) were then added to the

cells s specilied in the text and figure legends. The samples were incubated on ice for 30
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minutes. Aller incubation, the cells were washed twice in ice-cold PBS and finally
resuspended in 0.5ml of PBS for analysis by low cylomelry. In each experiment a control was
included where no antibody was added and this was used 1o correct Tor the autofluorescence of
the cells. In addition, prior to the experiment, negative isotype control experiments were done

(data not shown).

Immediately prior to data collection, propidium iodide (PI) was added to each sample at a final
concentration of Sug/ml. Antibody staining was analysed using a FACScan lNow cytometer
(Becton-Dickinson, Mountain View, California, USA) using the FACSCAN programme, Cells
were gated on forward and side light scatter, as well as for the Pl-emitted fluorescence to
facilitate exclusion of nen-viable cells from the analysis. Analysis was performed using the

LYSYS programme.

2.3.4(b) Three Colour Flow Cytometry

Preparation of the cells was the same as in Scetion 2.3.4(a) but three antibodies, which were
directly comjugated to fluorescent markers (FI'1'C and PE), ot Lo biotin, were added
simultancously 1o the cells as specified in the ext and figure legends. The samples wete
incubated on ice for 30 minutes, washed twice in ice-cold PBS and resuspended in 50ul PBS.
[0l of Streplavidin-Quantum Red Conjugate was added to the samples and they were again
incubated on ice for 30 minutes. T'he celis were then washed twice in ice-cold PBS and

resuspended in 0.5ml PBS. They were analysed using a FACScan {Tow cytometer as described
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before but wete gated on forward and side light scalter only (o fucilitate analysis of live cells,
A conlrol sample ol cells containing no antibody was also included, as in Section 2.3.4(a) to

correct for the autofluorescence of the cells.

2.3.5 Cell Proliferation Studies

Cells were cultured in 96 well round boltomed tissue culturc plates at a concentration of 10°
cells per well. The cells were cultured for three days in complete medium at 37°C at 5% CO,
over range of concentration of antibodics and cytokines as specified in the text and figure
legends: all cultures were established in triplicate. Following this, the cells were pulsed with
0.5uCi of methyl-['H]-thymidine in a volunie ol 10ul of complete medium. The tissue culiure
plate was then incubated for 8 hours at 37°C at 5% CO, and then the contents of each well
were harvested on to filter mats using a semi-automatic cell harvester (Skatron Instruments
Ltd, Suffolk, U.K.). The filter papers were dried. immersed in scintillation {Tuid and counted
hy a liquid scintillation counter {Waltac 1209 RACKBETA counter). PH}-Thymidine

incorporation was expressed as mean counts per minute (¢cpm) + Standard Deviation (SD).
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2.3.6 Gel Shift Assays

2.3.6(:1) Preparation of Nuclear and Cytoplasmic Cellular Extracts

Buffers:-

Butfer A Buffer B

10mM HEPES, pH7.5 25mM HIIPES, pH 7.5
2mM MgCl, 400mM NaCl
[5mM Kl ImM EDTA
0.1mM EDTA 20% Glycerol
0.1mM EGTA ImM DTT

ImM DTT 0.1% NP40
0.5mM PMSF 0.5mM PMSF
2pg/ml Leupeptin 2pg/ml eupeptin
2ue/ml Aprotinin 2ng/mt Aprotonin

Primary tonsillar 13 cells were cultured overnight in fresh medium prior to stimulation for four
hours with the appropriate concentrations of cytokines and antibodies as described in the text

and figure legends. 5 x 10 cells were removed at time zero, and at hourly intervals thereafter,
pellcied and washed once in PBS. The samples were then resuspended in Buffer A and left on

ice for 30 minutes. NP-40 was added to a final concentration of 0.5% (v/v) and the nuclei
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immediately separated by centrifuging at 10.000g. The supernatant (the cytosolic exiract) was
removed and stabilised by adding 601 of 50% (v/v) glycerol while the nuclear pellet was
resuspended in 100ul of Bulfer B and gently rocked for 30 minutes at 4°C. The suspension was
centrifuged at 10,000g and the supernatant removed. This was the nuctear exiract. Both nuclear

and cytoplasmic extracts were stored at -70°C.,

2.3.6{h) Non-Denaturing Gels for Gel Shift Assay

The cellular extracts were resolved by electrophoresis on a 7% (w/v) non-denaturing
acrylamide gel prepared as follows:-

17.5% acrylamide (40% Acrylamide /Risacrylamide solution, 29:1)

0.25 x TBE

0.1% Ammonium Persulphate

0.05% TEMLD

The gels were pre-run for two hours at 150V using 0.5 x TR ag the reservoir buffer.

Prior to loading, the samples were assayed {or protein using the Lowry protein assay method.
Extracts containing 5ug of protein were combined with binding buffer in the presence or
absence ol cold compelitor oligonucleotide as required and incubated at room temperature for
10 minutes. 1pl of y-[7P|-labeilcd oligonucicotide (0.035-0.35pmol) was added Lo the mixture

and incubated al room temperature for a further 20 minutes.
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3 x Binding Buffer Stock:-
20% (v/v) Glycerol

SmM Mg(l,

2.5mM DTT

250mM Nad(l

50mM Tris-HCL, pH 7.5

0.25mg/mi Poly(dl-dC).poly(dl-dC)

The samples were loaded onto the gel and electrophoresed at 150V for 140 minutes. A small
amount of dye was run parallel to the sample to allow progress of electrophoresis 1o be

monitored. Free and protein bound oligonucleotide was visualised by autoradiography of the

dried gels,

Dye Solution:-

250mM Tris-HCI, pli7.5
0.2% (w/v) bromophenol blue
0.2% (w/v) xylene cyanol

40% (v/v) Glycerol
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2.3.6(¢) Radio-Labclling of Oligonucletides for Gel Shifi Assay

The sensc and antiscnse oligonucleotides were synthesised and annealed by mixing cquimolar
amounts ol the two oligonucleotides. heating to 80°C for 5 minutes in a water bath and then
allowing them to cool slowly o room temperature. v-[**P]-dA’1P labelled fragments werc
produced by labelling the 57 terminus of the DNA using T4 polynucleotide kinase. For cach
probe, 17.5pmol of the appropriaie DNA was mixed with 1pl of T4 polynucletide kinase 10 x
Buffer, 5-10 units of T4 polynucleotide kinase, 1l of y-[“P]-dATP and the volume made up
to 10 with distilied water. The reaction was incubated for 10 minutes at 37°C and then
stopped by the addition of Tpl 0.5M EDTA., 89ul of TI Buffer was added and the radio-

labelied probe stored al -70°C until needed.

2.3.7 Transfection of Tousillar B Cells by Electroporation

Prior o electroporation. resting tonsitiar B cells were cultured [or a minimum of | hour after
isolation. The cells were then washed and suspended in incomplete medium at a concentration
of 6.25 x 10° cells/mi. 0.8ml aliquots of this cell suspension were electroporated al an optimum
voltage of 0.3-0.35kV, capacitance 9601FD in a 0.4cm Gene Puiser cuvette (Biorad
Laboratories, CA, USA) with 40pg of the appropriate plasmid in 40pl of TE butfer (Anderson
et al 1991). The clectroporated cells which had been transfected with the same plasmid were

pooled and incubated for a further hour in complete medium. Aliquots were then removed and
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stimulated for 48 hours with the appropriate antibodies as indicated in the text and the figure

legends.

2.3.8 Reporter Gene Assay

The transicntly transfeeted cells were harvested and washed three times in steriie PBS. Cell
extracts were prepared by resuspending the cells in 100pi of Tris-HCI, pl17.8 and then lysing
them by immersing them for 5 minutes in a dry ice-¢thanol bath followed by immersion for 3
minutes in a 37°C water bath. This freeze-thaw lysis was done three times. The samples were
centrifuged at 250g Jor 10 minutes to pellet the cellular debris and the supcrnatani removed
and heat-inactivated by incubating at 65°C for 10 minutes, to inactivate the cellular acetylascs.
Al this point, the protein content of each cellular extract was determined by the Lowry protein
assay. The reporter gene activity was measured by incubating the cell extracts with SiuM

Acety! Coenzyme A and 1l of |""CJ-chioroamphenicol (0.025uCi) at 37°C for 16-20 hours.

The assay was stopped by adding 600ul of ethy! acetate, mixing and centrifuging at 250g for 5
minutes. The upper phase of the cthyl acetate was removed and then lyophilised until no ethyl
acetate remained. The lyophilised sample was resuspended in 20pl ethyt acetate and the
acetylated products resolved by thin layer chromatography (1LC) on 20 x 20cm silica plates in
a 95% chloroform:5% methanol solvent system. Acetylated chloroamphenicol was visualised

by autoradiography and quantituted by phosphorimage analysis. Data [rom the phosphorimage
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analysis was expressed as phosphorescence units minus background phosphorescence per mm?

(P-B/mm?) and was normalised for celiular protein content.

2,3.9 Lowry Protein Assay

Solution A Solution B
2%Na,(CO, 16.6% Folins Ciocalteu Phenol Reagent
1% CuS0, 55,0

2% NaK tartrate, 41,0
2.5% SDS

(.IN NaOIl

BSA slandard protein sumples were prepared at concentrations of 5-100 mig in 1ml. An equal
volume of Solution A was added to the standard samples and to the samples which contained
an unknown amount of protein. These were then mixed and incubated at room temperature for
10 minutes. Following this, 0.5ml of Solution B was added o the samples, they were mixed
immediately and incubated at room temperature for a further 30 minutes. The absorbance of
the standard samples was read at 750nm with a spectrophotometer (tungsten tight setting) and
from the vajues obtained a standard curve was ploticd. This was used to determine the amount

of protein present in the cellular extracts.




Chapter 3

The Induction of CD25 Expression in Resting Human B
Lymphocytes by Stimulation with Anti-Immunoglobulin, Anti-CD40

and I1L-4.
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3.1 Introduction

Interleukin-2 (IL-2) plays a crucial role in both the differentiation and growth of’
human B lymphocytes (Callard 1990; Cushley and Harnctt 1993) and the effecis ol
the cytokine are mediated through the interaction of [L-2 with the IL-2 Rececptor |
complex (IL.-2R) (Smith 1989, Waldmann 1989). To date, three potypeptide chains

have been identified as componenls of the [L-2R, namely the . B and y chaias. The
human TL-2Ra chain was originally defined by the Tac antibody and is now defined

by the CD25 antibody cluster. It was identified as a S5kDa membrane glycoprotein

(p55) capable of binding 1L-2 (Leonasd ¢/ of 1983; Robb and Greene 1983). It was =
thought to be the only cytokine receplor of a Jarge tamily of binding proteing whose
members include complement receptor proteins (Davie ef af 1986; Perkins ef af 1988).
However, a novel 11.-15 binding protein was recently identified and cloned that is
structurally related to the o-chain of the 11.-2R (Giri ef af 1995). The 11.-2Ra chain

binds 11.-2 with low alfinity (Kd = 10nM) and is nen-functional with respect to 11.-2

Internalisation and 11.-2 signalling (I{atakeyama ef of 1985; Greene ef uf 1985).

The f chain of the IL-2R 1s a 75 kDa glycoprotein which, through its cytoplasmic
domain. appears to play a critical rolc in receplor-mediated signalling,. The third
component of the IL-2R complex is a 64kDa transmembranc subunit, the v, chain. The
(3 and vy, chains arc required for ligand internalisation and signal transduction (Arima
ef al 1992; Kishimoto ef ¢f 1994) and both belong to the haematopoietin receptor
superfamily. Mutations in the 1L-2Ry chain appear Lo be responsible for the X
chromosome-linked immunodcliciency SCIDXT in humans (Leonard ef al 1994).
SCIDX1 patients suffer from severe recurrent infections, fail to thrive and unless

treated with curative bone marrow transplantation will die in the first years ol life.




The disease 1s characterised by a marked decrease in circulating ‘1 cells and the
presence of pootly functioning B cells (Conley 1992). The 11.-2Ry chain also
participates in the formation of functional receptors for IL-4, IL-7, IL-9 and [L.-15

(Leonard ef af 1994; Gird ef «f 1994; Kimura ef al 1995).

Dilterent combinations of these three receptor subunits on human B cells give rise to
three affinity classes of receptor. A high affinity 1L-2R is formed through the
combination of the o, 3 and y components in a heterotrimeric complex (Kd ~10"'M)
with a receplor of intermediate affinity formed by a combination of B and y subunits
(10°M); 1L-2Re alone binds IL-2 with relatively low affinity (Kd ~ 10 M} (Smith
1989; Waldmann 1989; Kishimoto ef al 1994). The o subunit of the IL-2R is not
constitutively expressed and is up-regulated by distinet groups of cytokines in both T
and B {ymphocytes (Greene ¢f af 1989; Clipstone and Crabtree 1994; Butcher ¢f ol
1990; Buicher and Cushiey 1991: Zola ef af 1991; Tomizawa ef af 1991). Tor
example, both T.-1 and Tumour Necrosis actor-a (TNF-a) can promote expression
of the o chain in T lymphocytes (Lowenthal ef af 1986; Lee ef of 1987). I1.-4 and I1.-5
control expression of the 1L.-2R in murine B cells through independent induction of its
two chains. [t was shown that [1.-5 induces these cells to express CD25 while 11.-4
induces the B chain (although not always) (Loughnan and Nossal 1989; Nakanishi ¢f
«l 1993). This was the [irst example of a situation where two chains of a receptor are
separalely regulated by two different cytokines to permit a coordinated appearance of
functional high affinity receptors. By contrast, in human tonsillar B cells, H.-4 has
been shown 1o up-regulate expression of CD25 (Butcher ¢f af 1990; Butcher and

Cushley 1991; Zola ef ¢ 1991; Tomizawa e/ af 1991). This eflect is apparently

84




specilic to tL-4 and can be inhibited by IFN-y. As the o chain has no overt signal
transduction capacity. its main role would appear to be in the generation of the
specific high affinity receptor for IL-2 (Roessler ef al 1994) which is crucial for the

growth and differentiation of B cells.

Initially we sought to identify, in addition to 1L-4, any other receptor-ligand

interactions on human B cells which would [acilitaie up-regulation of CD25. The

grow(h and activation of B lymphocytes are regulated by signals transmiticd after the

binding of antigen to surtace immunoglobulin (slg) and of cytokines to their specific
receptors. A number of other B cell-associaled swrface molecules are also involved.
The binding of antigen to sIg is the primary event in B lymphocyte activation. 'Thus
we studied the effect on CD25 induction of stimulating the B cell via its antigen
receptor, Anti-1g antibodies were used as analogs ol antigen, with the assumption that
anti-lg will bind to constant regions of membrane Ig molecules on ali B cells and have
the same biological effects as antigen that binds to the hypervariable regions of

membrane [g molecules only on antigen specific B cells.

We also looked at the effcct on CD25 levels oo resting human B cells in response (o
CD40 ligation, as mediated by anti-CD40 antibody. The CD40 antigen is a 45-50kDa
glycoprotein which is expressed on B cells, T cells and dendritic cells. [t is a member
of the TNI receptor superfamily (Banchereau ef of 1994). Ihe CD40 ligand, a
membey of the TNI family. 1s a 39kDa glycoprotein found on 1 cells, mast cells and

basophils. The levels of expression on T cells increase as they mature (Gauchat ef of



1993 Nonoyama ¢f of 1995). CDA40 activation is critical for 3 cell proliferation
{Banchereau ¢f of 1991), Ig class-switching and the rescue of germinal centre B cells
from apoptosis following somatic mutation (Liu ef af 1989; Zhang e af 1991),

Therefore we sought to cxamine the effect of CD40 ligation on CD25 expression,

Stimuli were also used in combination to discover if any synergistic eflects could be

noled.

As stated. B cells can be induced to cxpress 1L-2Ra but there are conflicting reports

as to whether such B cells can respond to 1L.-2 and profiferate. In the murine systen,

unstimulated B cells can respond to high concentrations of TL-2, and I1.-5-treated B
cells have been shown to have signilicantly enhanced responses to 1L-2 (Nakanishi ef

al 1992). In contrast, Karasuyama ¢f of found no synergy between [1L.-5 and 11.-2 in

either B cell maturation or growth induction (Karasuyama ef ¢/ 1988). Therefore we
sought to discover whether an increase in CD25 expression could induce 11.-2

responsiveness in resting human tonsiilar B cells,

3.2 The Induction of CD25 Expression in Resting ‘Tonsillar B Lymphocytes.

The B lymphocytes used in this siudy were prepared from a single cell suspension of
freshly spilted tonsillar cells with the remaoval of ‘I lymphocyies by rosetting wilh
AET-SRBC. The non-rosetting cells were then centrifuged over a discontinuous
Percoll gradient and B cells collected from the 1.08/1.09 g/ml interface. This mcthod
routinely produced a population of cells that was greater than 95% B cells. B cells

purificd from the 1.08/1.09 g/ml interface are small and putatively resting in nature.
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Fallowing purification and prior to cultarc only a small proportion (typically 0,5-3%)
of the B cell population expresses IL-2Ra (24, 25 | data not shown ). Previous studies
(Butcher ef ¢f 1990; Butcher and Cushley 1991 Zola ef ¢ 1991; Tomizawa ¢/ al
1991) have demonstrated that [T.-4 ean induce expression of [L-2Ra on human B
cells. We sought 1o extend these studies by analysing the elTect of ligation of surface
lg, CDA40 and various cytokines upon tL-2Ra expression in the high density resting

population ol’human tonsillar B cells.

In figure 3.1 resting tonsillar B lymphocytes were cultured with 100u/ml [L-4 and
then analysed after 24 hours by two-~colour flow cytometry. The dot-plot shows that
while only 17.8% of the control population (unstimulated B Cells) express 11.-2Rw« on
their surface. 34% of the 1L-4 stimulated B cells express cell surface 1L-2Ro. These
duta are consistent with previous obscrvations that 1L-4 induces [L-2Ra expression on
resting tonsiilar B cells. The ability of other cyvtokines 1o promote this effect was then

studied.

Firstly the effects of IL-10 and 1L-~13, two cytokines with potent stimulatory ctfects
lowards B cells, were examined. t1.-10 is & major immunoregulatory cytokine
produced chiefly by T cells and monocytes. il has been shown to enthance expression
of IL-2Ra on B cells which have been pre-stimulated with anti-C1340 antibody
(Fluckiger ef o/ 1993) and has also been shown (o up-regulate [L-2Ra expression on
cloned T cells of various phenotypes (Cohen ef «f 1994). IL-13 isa T cell derived

cytokine which regulates human monocyte and B cell function. [L-13 and [L-4 shate
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certain functional characteristics including the induction of the macrophage-like
dendritic cell morphology (te Velde ef of 1988) with associated CD23 expression on
monocytes (Vercelli ef af 1988) and stimulation of lg synthesis by B cells (Van
Vlasselaar ef al 1992). However Figure 3.2 shows that neither IL-10 nor [1.-13 were
capuble of inducing [L-2Ra expression at the concentrations shown. Dosc response
titrations wete also done using a range of concentrations of these cylokines (data not
illustrated) but neither showed an increase in [L-2Ra expression. The concentration
ranges used were over at least 5 points and were of a range that had shown
appreciable effects in other types of cells. A range of other cytokines was then studied
to see if any of these were capable of inducing IL-2Ro expression (Figure 3.3). Of
particular interest was IL-3 which, as stated previously, has been shown (o increase
IL-2Ra expression on resting murine 13 cells. Tlowever no other cytokine examined
could induce 1L-2Ro expression in buman tonsillar B cells either at the concentration
range shown in the experiment or indeed across a wider concentration range as before

(data not illustrated).

Tnally, levels of [L.-2Ra expression on resting B cells cultured either with palyvalent
anti-lg or anti-CD40 antibodies were examined (Figure 3.4}, Anti-CD40 antibody
(Figure 3.4,pancl D} induced a response of similar profile to that of [L-4: i.e, 28.2% of
ithe B cell population were induced to express IL-2Ra on their cell surface. However
culture of the cells with anti-lg antibodies drove a response of considerably greater
miagnitude. As scen in Figure 3.4, panel C, 68.4% of the B cell population were
induced to express 11.-2Ro. Although the absolute level of IL-2Ra expression induced

varied between individual tonsillar preparations, 11.-4, anti-Ig and anli-CD40
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consistently increased 11.-2Ru expression on high density B cells and anti-Ig routinely

induced the greatest number of B cells to become IL-2Ra positive,

3.3 The Effectiveness of IL-4, Anti-Ig and Anti-CD40 Induction of JL.-2Ro
Expression.

The concentrations of TL-4, anti-Ig and anti-CD40 required to drive haif-maximal
expression of 1L-2Ra were evalnated by testing the response of B cells across a wide
concenlration range of each stimulus; the concentration of each stimulus which
elicited half-maximal elevation of IL-2Ra expression (i.e. the FCg, dose) was also
determined (Figure 3.5). [L-4, anti-Ig and anti-CD40 all increase [L-2Ro expression
in a dose dependent manner; thus the number of B cells becoming positive for IL-2Ro.
increased in proportion to the concentration of [L-4, anti-1g or anti-C1>40. For IL-4.
the ECy, was of the order of 40-50 units/ml 1.-4 (Figure 3.5. pancl A) which is in
good agreement with previous data from this and other laboratorics. Dose-response
titrations of the effeets of anti-Ig (Figure 3.5, panel B) and anti-CD40 (Figurc3.5,
panel CC) revealed that the EC, values for these stimuli were approximately 10 pg/mi

and 0.2)1g/ml, respectively.

These dose-response curves were converted to molar concentrations (Figure 3.6, panel
A) 1o compare the potency of stimuli. This revealed that 11.-4 is by far the most potent
inducer of 1L-2Ro expression in resting human B cells. The amounts of anti-lg or
anti-CID40 stimuli required to effect half~-maximal stimulation were 2-3 orders of

magnitude greater than that observed with the cytokine. Yinally, Figure 3.6, pancl 3
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notes the maximal IL-2Ra response which could be induced by cach stimulus. Anti-Ig
consistent!ly drives the greaiest proportion of B lymphocytes to express 1L-2Ro (60- L
80%). 11.-4 and anti-CDA40 induced broadly similar responses; they both induced 20-

25% of B cells to become Il .-2Ra positive.

3.4 The Effects of 11.-4, Anti-lg and Anti-CD40 Comhinations on 1L-2Ra k

Iixpression,

Treatment of resting tonsillar B cells with each of [L-4 , anti-Ig or anti-CD40
increased [L-2ZRa expression. In the following studies, the effects of these factors in *
combination on 1L-2Ra levels was studied. Figure 3.7, panel A shows CD25

expression in cells cultured over a range of concentrations of anti-Ig in the presence or

absence of 1L-4. An JL-4 concentration of 10 units/ml was employed as this induces

submaximal 1.-2Ra up-regulation. The data show that IL-2Ra expression is
incrcased in a dose dependent manncr. 1L-4 vecruited approximately 10% ot B
lymphocyles (o the IL-2Rao response. Modest doses (1-Sug/ml) of anti-Ig showed a
maodest addilive ellect in the presence of 1L-4. However, at the maximum
concentration ol anti-Ig (25ug/ml) IL-2Ro was expressed by 60% of the B cell
population and 1L-4 did not enhance receptor expression. In conclusion, the
combination of submaximal levels of 1L-4 and anti-lg increased [L-2Rx in only an

additive manner and no synergistic effects were apparent.
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Figure 3.7, panel B shows the combined etfects of anti-CD40 and J1.-4, Again there
was an increase in 1L-2Ra levels in response to increasing concentrations of anti-
CD40. This was seen whether IL-4 was present or not. The same concentration of .-
4 was used as in figure 3.7A; again 10 units/ml of [L.-4 alonc ¢levated [L-2Ro.
expression by approximately 10%. In combinations of anti-CD40 over the
concentration range of 0.1-6.4 pg/ml with IL-4 the levels of IL-2Ru were enhanced

by approximately 5% of that expected for a purely additive cffect,

A third study was performed to assess the combined effects of anti-lg and anti-CD40)
on fL-2Ru expression by B cells (Figure 3.7, panel C). Anli-Ig was titrated over a
concentration range of -25 pp/mil where 1-5 pg/mi gave submaximal stimulation of
JL-2Ra expression. On culture of B ¢ells with anti-CD40 antibody { 0.5 ng/ml) alone
1L-2Ra expression was seen to increase by approximately 15%. The cambination of
anti-Ig and anti-CD40 antibodies gave an additive effect. At lower concentrations of
anti-lg, [1.-2Ra expression increased by approximately 15% on addition of anti-
CD40. However at 25 pg/ml of anti-Ig, addition of anti-CD40 increased [L-2Ro
levels by only 5%. This suggests that IL.-2Ra had been induced to the maximuimn level

by anti-Ig stimulation and that no further up-regulation could be achieved.

3.5 The Effeets of Anti-Ig antibodics, Anti-CD40 antibodies and 1L-4 in

combination with IL-2 on B ecell proliferation.
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Resting, human B lymphocytes can be indueced to express IL-2Ra by culturing them

with anti-lg antibodies, anti~-CD40 antibodies and 1L-4. For B cells to proliferate and
differentiate in eesponsc to physiological levels of 1L-2 (hey must express the high
affinity form of the 1L-2R consisting of the constittively expressed f and y, chains, in
association with the inducible o chain. 1L-2Ra expression is not only essential for this
but also conlers specificity on the receptor for 1.-2 as the B and y, are shared with the
HL-15R. To determine whether increased 1L-2Ra expression results in significant
prolileration of resting B cells, we stimulated the cclls with a range of concentrations

of anti-Ig, anti-CD40 and IL-4 in the presence or absence of [L.-2.

FFigure 3.8, panel A shows that 1L-2 and anti-lg synergise to induce a strong
proliferative response in the resting B cell population. Anti-lg, in the presence of 1L-2
increased proliferation in a dose dependent manner. Cross-linking of surface Ig alone

or in the presence of [L~4 showed a weak proliferative response. Figure 3.8, panel B

illustrates that anti-CD40 in the presence of IL-2 increases proliferation in a dosc
dependent fashion at low concentrations. However the strong proliferative respanse
scen on stimulation of cells with anti-g antibodies and 1L-2 was not observed; indecd
high concentrations of anti-CD40 antibodies (3.2-6.4ug/ml) in combination with IL-2
exerted an anti-proliferative cffect on the cells. Anti-CD40 antibodies alone or in the

presenee of IL-4 were unable to induce the cells o proliferate.

Figure 3.8 pancl C shows the cffects of IL-4 upon B cell proliferation. A range ol

concentrations of IL-4 had no effect on the proliferalive response of the resting B
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lymphocytes. [n the presence of IL-2, slight proliferation was observed at 1-10
units/ml IL-4 but this was negligible compared to the strong proliferative response
seen with anti-Ig and [L-2 and did not even compare to that scen with anti-CD40

antibodies 11 the prescnce of 1L-2.

3.6 Discussion

‘The data from this chapter support previous observations (Buicher ef of 1990; Butcher
and Cushley 1991; Zola e a 1991; Tomizawa ef af 1991) that IL-4 is the only
cytokine which appears capable of driving 11.-2Ra. expression in resting human 13
tymphocytes. However, the dala also indicate that cross-tinking of the antigen
receptor complex or of the CD40 antigen, structures which have a posilive influence
on B cell activation, also results in enhanced [L-2Ra expression. Stimulation of 3
lymphocytes with combinations of anti-Ig, anti-CD40 and [1.-4 resulted in some
additive effects at the level of 1.-2Ra expression but no siriking synergistic eftects
were noted. Furthermore, the data demonstrate that anti-Jg induces 1L-2
responstveness. Anti-Ig and 11.-2 synergised to produce a strong proliferative
response. A lesser response was seen when the resting B cells were trcated with anti-
CD40 mADb and IL-2 and there was minimal proliferation when a combination ol T[.-4

and IL-2 were used.

[1-2Rox expression is inducible in both T and B lymphocytes, and available data
suggest that non-overlapping groups of cytokines regulate expression of the IL-2Re

gene in the two lymphoid subscts. The data from this chapter confirms this theory.
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Thus 1L-1at, TNF-o and IL-6 are all known to promote |L-2Rx expression in T
lymphacytes (Greene ef «f 1989; Clipstone and Crabiree 1994) but from experiments
performed in this laboratory, appear to have o elfect on quiescent B cells; similacly
IL-4 has no effect upon 1L-2Ra fevels in quiescent tonsillar T lymphocytes (Butcher

et al 1990).

Experiments were done to investigate whether [L-10 and 1.-13 were capable of
promoting IL-2Ra expression in quiescent B lymphocytes. [1L-10 is produced chiefly
by T cells and monocytes. It was originally designated “cytokine synthesis inhibitory
factor” as it inhibits the production of Thi type cytokines and antigen and milogen
speeific T cell activation (Fiorentino ef af 1991; De-Waal-Maleft ¢f of 19915 Taga and
Tosatol 1992; Del-Prete ef af 1993). [owever, in the human system I1.- 10 stimulates
DNA synthesis of tonsillar B cells which have been activated either via their antigen
receptor or via cross-linking of surface CD40 antigen (Rousset ef af 1992). It has also
been reported that IL-2 and 1L-10 synergise to induce the proliferation and
diflerentiation of normal and leukaemic I3 cells activated by anti-CD40 by

upregulating the expression of high affinity H.-2 receptors (Fluckiger ef af 1993).

The spectrum of biological activitics of [L-13 largely overlaps those previously
ascribed o IL-4; i.e. it enhances expression of CD23 and class 11 MHC antigens on
resting B cells. It also stimulates B cell proliferation in combination with unti-lg and
anti-CD40 antibodics and it induces IglE synthesis (DcFrance et ¢f 1994). However,

neither [L.-10 nor IL-13 could induce 1L-2Rx expression in resting B3 cells.
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Not only is the regulation of [L-2R e lineage specilic, it also appears to be specics
specific. In the murine system, IL-2Ra is up-regulated by [L-3 (Loughnan and Nossal
1989). While [L-5 has clear-cut activities as an eosinophil differentiating factor in
mouse and man, there is some controversy concerning the role of IL-5 in B celi
differentiation. A number of experimental systems have shown the effects of 11.-5 on
human B cells (P’enc ef af 1988) whereas others have not (Clutlerbuck ef ¢f 1987).

Ltowever there is no doubt that IL-5 has na effect on the induction of 1L.-2R«t in

human quicscent B eclls.

"The data suggest that the 140kDa [L-4 receptor element ([dzerda ef ¢f 1990) possesses
critical structural motifs involved in translation of the 11.-4 binding event to activation
ol 11.-2Re transcription. A role [or the y, ¢hain in this process would seem less likely
as the 1L-2 and IL-7 receptor complexes include v, and neither of these cylokines
promotcs [L-2Ra cxpression in quiescent B cells, 1t was ol interest to discover
whether 1L-15. a newly discovered cytokine, would have any effect on IL-2Ra.
induction. Subsequent results in this laboratory indicatced that [L-15 has no effect on
IL-2Ru expression i human B lymphocytes. [L-15 shares biological activilies with
IL-2 and can also interact with the {} and y components of the I1L.-2R complex (Giri ef
al 1994). The discovery of an 1L~15 specific binding protein (Giri ef a/ 1995) further
extended the anafogy between 1L-2 and IL-15 and their receptor systems. The
receptor for IL-15 shares structural similarities with the IL-2Re subunit. 'The o chains
of the 1L-15R and the [L.-2R have defined a new family of binding proteins for helical

cytokines, Tt was previously thought that the solc rolc for CD25 was to generate the
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high affinity receptor for 1L-2: howevcr, it is also essential in generaling the specific
receptor for [L-2 since complexes of B and v, chains lacking the o chain can also

comprise the 1L-15 receptor.

CD40 cross-linking induces a similar number of B cells (o express 1L-2Ra«,
approximately 25-30%, as observed with 1L-4 stimulation. However, only a single
anti-CD40 mAb was used in this series of experiments and is clear (rom a number of
studies in murine models the two rat mAbs dirccted against distinct CD4Q epitopes
can promote different responses. Thus, one of the two anti-CID40 reagents caused both
upreguiation of various B cell surface markers and cellular proliferation, while the
other failed to do so (although this reagent could synergise with submitogenic
amountis of anti-IgM to promote B cell proliferation) (Heath ¢f af 1994). Therefore.
while the data from this chapicr indicate that an(i-CD40 mAb can promote [L-2Rw
expression in a small subsct of quiescent tonsiliar B cells, it is clearly possible that
mAbs to distinct epitopes may give a different response. Thus, Burlinson ef af
investigated whether the CD40 ligand itself induced expression of [1.-2Rat. Their data
mdicated that both ligation of CD40 with either timeric soluble CD40 or anti-CD40

mADb induced expression of IL-2Ru (o broadly similar levels (Burlinson ef ¢! 1996).

Stimulation of B lymphocyles with anti-Ig resulted in more than 80% of the quicscent
cells acquiring a I1.-2Ra posilive phenotype. This situation has parallels with anti-
CD3 driven [1L-2Ra expression in ‘' lymphocytes or in Jurkat cells, where stimulation

with anti-CD3¢ or anti-1'cR reagents is a potent inducer of transcription through the
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11.-2Ra focus ( reviewed in Greene ef af 1989; Clipstone and Crabtree 1994), This
result is entirely in keeping with the cclls responding 1o 4 committing stimulation with
antigen and expressing receptors for eytokines which can shape their subsequent
response Lo thal antigen; in the case of B cells, expression of 1F.-2 receplors permits
the cells o display enhanced growth and/or accelerated immunoglobulin sceretion in

response to binding [1.-2.

Although anti-Ig, anti-CD40 and I1.-4 can all up-regulate IL-2Ro. expression, this
clevation in IL-2Ra levels does not necessarily facilitate subsequent B cell
proliferation in the presence of 1L-2. This suggests that IL-2Re induction under these
ctreumstances either fails to form a functional high affinity I1.-2R or, mare likely, that
the ligation of the high affinity heterotrimeric 11.-2R by 1L-2 docs not fully stimulate
mitogenic signal transduction pathways within resting B celts. Cross-linking of slg in
combination with IL-2 induces proliferation in resting B cells. As stated cross-linking
of the antigen receplor also induces up to 80% ol cells 1o express [L-2Re. Thus,
cross-linking of sig induces the formation of functional high affinity IL-2Rs and
induces the B cells 1o be responsive to [L-2. A combination of 1f.-2 and anti-lg may
reflect some physioiogical significance; extensive cross-linking of slg on B cells
which are in the germinal centre is likely to occur through interaction with follicular
dendritic cells (FDC). This response indicates a requirement for highly repetitive or
polyvaleat ligands, such as antigen in immmune complexes on FDC. The data are
consistent with a general model of B cell activation whereby there is synergy between

cellular interactions and cytokines.
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[n contrast, anti-CD40 did not synergise with 11.-2 to produce a strong proliferative

response., However there was an incrcase in proliferation seen when cells were

stimulated with a combination ol 11.-2 and anli-CD40, suggesting perhaps that a small
population of B cells could be induced to express 1L-2Ro and respond to [L-2 as a

result of stimulation with anti-CD440.

[L-4, while inducing 25-30% of cells to cxpress [L-2Ra. did not synergisc with {1.-2
to produce proliferation. These data taken together suggests that the 1L-4-driven

inctease in expression of IL-2Ra may be independent of B lymphocyte proliferation.

One of the most striking findings of this chapter is that on stimulating the B cells via
their antigen receptor, up to 80% of them were induced to cxpress cell surface 11-
2Ru. The following chapter expands upon this finding to determine whether different
isotypes of anti-1g antibodies could have different effects on the up-regulation of 11.-
2Ra. and whether the degree of cross-linking of the antigen receptor could alter IL-
2Ra expression. In addition, by using F(ab’), fragments of these antibodics, it was
possible o discover whether Fe receptor-mediated inhibition (which is explained fully

in Chapter 4) plays 4 role in the expression of IL-2Ra in resting human 13 cclls.
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Figure 3.1 The Effect of IL-4 on TL-2Ra Expression.

High density resting tonsillar B cells were cultured with 100 Units/ml 1L-4 in complete
medium for 24 hours. The cells were stained with FITC-anti-CD25 plus PE-anti-CD19
for 30 minutes on ice. After washing, propidium iodidc was added ta a final concentration
of 2ug/ml to facilitale exclusion of dead cells and 5000 live gate events collected, The
two colour dot-plots show green fluorescence (I°1T°C) on the x-axis and red fluorcscence
(PL) on the y-axis. The percentage of B lymphocytes positive for CD25 was calculated as

previously described (Butcher ef al 1990) according to the following equation:

% CD25" B Cells = CD25' /CD19* Cells x 100

(CD25°/ CDI19’ cells) + (CD25" / CD19" cells)

Panel A: Control (17%)
Panel B: 100 U/mi 11.-4 (34%)

The figures shown in brackets are the percentage of B cells positive for CD25 expression.
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Figure 3.2 The Effect of IL-10 and IL-13 upen 1L-2Ra Expression.

High density resting tonsillar B cclls were cultured with the appropriate cytokines and
then stained and the percentage CD25 positive B cells determined as deseribed in the
legend to Figure 3.1. The data shown for IL-10 and IL-13 are from independent
experiments. Panel A: Control (15.1%); Panel B 100 U/ml 1L-10 (18.4%), Pancl C:
Control (4.5%): Panc! D: 100 ng/ml [L.-13 (5.4%). Again, the figures shown in brackets
are the percentage of' B lymphocytes positive for CD25 expression. These experiments
were performed 3 times; no statistical analysis was done on the results as it is not possible

to compare one tonsillar population with another.
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Figure 3.3 The Effect of Various Recombinant Cytokines upon IL-2Ra Expression.

High density resting B cells (not all from the same tonsillar preparation) were cultured
with a range of recombinant human cytokines as detailed on the bar chart. The cells were
stained and the percentage of CD25 positive B celis was determined as described in the
legend to IMigure 3.1. 3% of cells cultured in medium alone will express CD25 (data not

shown). Each cytokine was tested at least twice on independent tonsillar preparations.
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Figure 3.4 The Induction of IL-2Ra by Different Stimuli.

High density resting tonsiilar B cells were cultured with the indicated stimuli for 24 hours
in complete medium, stained and the percentage of CD25 positive B cells determined as
described in the legend to Figure 3.1. Panel A: Control (17.8%); Panel B: 25 pg/ml
Polyvalent anti-lg (68.4%); Panel C: 1 pg/ml anti-CD40 (28.2%). Again, the figures

shown in brackets are the percentage of B lymphocytes positive for CD25 expression.
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Figure 3.5 Dose Response Titrations for IL-4, Anti-Ig and Anti-CD40.

High density resting tonsillar B cells were cultured with the indicated concentrations of
11.-4 (A), anti-Ig (B) or anti~-CD40 (C). CD2S5 expression was determined by flow
cytometry as described in the legend to Vigure 3.1. The data shown are representative of 6

independent tonsiilar B cell preparations.
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Figure 3.6 Comparison of Potency of Stimuli.

The percentage of CD2S positive B cells was calculated over a range of IL-4, anti-Ig and
anti-CD40) concentrations as described in the legend to Figure 3.1 and the data expressed
in terms of the molar concentrations of cach stimulus applied (Panel A). Panel B notes

the maximal CD25 response induced by each stimulus.
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Figure 3.7 The Effect of Combinations of IL-4, Anti-Ig and Anti-CD40 upon IL-2Ra.

Expression.

I1igh density resting tonsillar B cclls were cultured for 24 hours with either anti-Ig (A) or
anti-CD40 (B) at the concentrations indicated in the presence and absence of 1L-4 (10
U/mi). In addition, anti-lg was titrated in the presence or absence of anti-CD40 (0.5
rg/ml). ‘The percentage of CD25 positive B cells was assessed as described in the legend

to Figure 3.1,
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Figure 3.8 The Effect of anti-Ig, anti-CD40 and T1.-4 in combination with IL-2 on B

Cell Proliferation

Resting tonsiliar human B cells were cuitured for 72 hours in complete medium with the
(oflowing range of stimulants:

Panel A:0-25g/ml anti-Ig alone, with 50 units/ml IL-4 or with 50 units/ml IL-2.

Panel B: 0-6.4pg/ml anti-CD40 alone, with 50 units/ml TL-4 or with 50 units/ml IL.-2.
Panel C: 0-1000 units/mi T1.-4 either alone or with 50 units/ml 1L.-2.

Following this, the cells were pulsed with 0.5uCi of methyl-|"H]-thymidine, incubated
for 8 hours and then harvested. |*H]-thymidinc incorporation is expressed as counts per
minute {cpm) and each well was set up in triplicate so that the standard deviation (SD)

could be calculated.
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Chapter 4

Different Isotypes of Anti-lmmunoglobulin have Different Effects on

the Induction of IL-2Ru in Resting Tonsillar B Cells
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4.1 Introduction

A common means of activating B cells so that they are able 1o respond to cytokines is
to stimulate them via their surface immuooeglobulin receptors. Experiments in Chapler
3 showed that stimulation of tonsillar B lymphocyies with polvalent anti-
immunoglobulin resulted in more than 80% of the cells acquiring a CD235" phenotype.
This is entirely in keeping with the celis responding to a committing stimulation with
antigen and cxpressing receptors to cytokines which can shape their subsequent
response Lo that antigen. The majority of cells isolated {from tonsiis are mIgM’
/migD'" with relatively low numbers of mlgG™ B cells in the tonsillar population,
Thus, it was impertant to determine whether each population of cells could increase

expression of [L-2Ra on their celis and the magnitude of this response.

Most mature B lymphocytes co-express two classes of antigen receptor, [gM and 1gD.
Differences in the signal transduction pathways between them remain a matter of
controversy. Both classes of receptor have the same short cytoplasmic scquence
(KVK) and are expected 1o conumunicate with the same intracellular molecules.
Several studies suggest that the engagement of mlgM and mlgD induce simitar B cell
responses (Steckmann 1980; Mond ef @l 1981; Brink ef af 1992). This is true for carly
biochemical responses such as (he activation of PTK {(Gold e¢f ¢/ 1990; Burkhardt er al
1991) and hydrolysis of inosito]l phospholipids (Klaus ¢f al 1989; Harnett ¢f al 1989).
Other studies show that mIgh© but not mIgD can induce negative responses in B cells
such as anergy and apoptosis (Bell and Goodnow 1994; Tisch ef ! 1988; Ales-

Martinez ef af 1992: Kim ef ol 1991, 1992; Carsetti ¢/ af 1993). Thus it was important
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lo determine whether stimulation of mlIgM or migD could induce the B cells to
express |L-2Ra, permitting them to respond to 1L.-2 and causing them to proliferate

and difterentiate.

Membrane fgG-bearing cells constitute a more mature memory B cell population
(reviewed in Vitetta ef of [991; Mackay 1993). It has been suggested that memory 13
cells are derived from a precursor subset that is distinct from precursors of primary or
mlgM-bearing cells (Linton ef ¢l 1989). Many early second messenger pathways ate
similar in migM and mIgG positive celfls (Mittelstadt and Delranco 1993; Gold e af
1992; Tamaki ef af 1992; Choquet ef af 1993) but there are also signilicant
differences, In addition, unlike mlgM and mlgD, mlgG has a cytoplasmic tail of 28
amino acids. Thus, experiments were carried out to determine whether memory B

cells were capable of inducing surface [L-2Ra.

Receptlors specifically recognising and binding to the I'e part of IgG (FeyR) are
members of the immunoglobulin superfamily. Three main Lypes of FeyR have been
described: the FeyR1, FeyRIT and FeyRIIL Of these, FcyRIT (also known as CD32) are
expressed on the surluce of B cells (Ravetch and Kinet 1991). Thete are six diflerent
transeripts of FeyRl (Van de Winkel and Capetl 1993) and FeyR1ib is the major
isoform represented on human B cells. [t is known to regulate B cell responses. In
facl. activated B cells are subject to negative regulation by circulating antibodies
which bind to FeyRI (Hunziker ef af/ 1990). Binding 1o the FeRII sends a dominant
negative signal 1o the B lymphocyte that prevents or aborts lymphocyte activation

(Klaus ef af 1984) triggered through the ARH1 motifs of the signal transduction units,
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lgae and {g3 (Muta ¢f af 1994). Thus, it was necessary to compare the effect of intact
anti-Ig antibodies with F(ab’), anti-Ig antibodies on IL-2Rat induction. Intact

antibodies co-cross-link the slg and the T'c receptor whereas F(ab”), antibodies lack

the Ie fragment which contains the sites for binding 1o the Fe receptor. Tt was
important to determine whether the 1L-2 responsiveness induced on the B celi by
crossing of surface Ig was subject to negative [eedback regulation by Fe receptor

binding.

Whether a sIg-mediated signal results in activation of a B cell has been suggested to

depend upon several factors; the state of di(ferentiation of the B cell is important

(Defranco ef al 1982; Boyd e af 1981; Scott ef of 1985; Hasbold and Klaus 1990) as
is the presence of certain lymphokines (Pecanha ef af 1991). In addition, the isolype af
the slg delivering the signal may be cructal (Goodnow ef of 1989; Tisch ¢/ al 1988:
Ales-Martinez ef al 1988) and finally, the degeee of cross-linking achieved by a
particular ligand is also a factor (Pecanha et af 1991; Russell ez af 1991). Therefore, in

this chapter we sought to address whether the isotype ol slg delivering the signal is

important in inducing expression of 1L-2Ro and whether there is an IFe-mediated

inhibition of this induction on resting B cells.
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4.2 Different Isotypes of Anti-iImmunoglobulin Antibodies Have Significantly

Different Effccts on the Induction of 1L-2Ra Expression in Resting Tonsillar

B Cells.

[n Chapter 3 we determined that stimulation of resting I3 celts with polyvalent anti-Ty
caused a massive induction of 1L-2Ru expression on the surface of the cells. We
sought to cxtend this study by stimulating populations of resting B cells with the
following diflerent isotype-specific anti-Ig antibodies, anfi-p, anti-§ and anti-v. In
Figure 4.1, resting tonsillar B cells were cultured with low (0.5 wg/ml) or high (25
pg/mib) doses of anti-p antibedies and then analysed for IL-2Ra« expression after 24
hours by two colour flow cytometry. The dot plots show that, of the control
population, only 23% express [L-2Ru ou the cell surface. However., when the cells are
stimulated with a low dose of anti-u this percentage increases to approximately 35%.
This concentration of antibody appears ta produce the maximum level of ITL-2Ra
expression and no other concentration of anti-jt can inducc higher levels of I1.-2Ra.
Interestingly, high doses of anti-p do not induce the cells to express 1L-2Ra and, in
fact. in some cases the percentage of B cells expressing H.-2Ra is slightly lower than
that of the control population. The cells, which had been subjected 1o a high dose of
anti-p. were nol dead. Viability checks using Trypan Blue were performed (data not
shown) and these confirmed that there was no change in the amount of dead cells
present when compared to a control population. These results were noted consistently

in independent tonsillar preparations.
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The results observed when resting B cells are cultured with anti-p are in marked
conlrast to those seen when the cells arc cultured with anti-5. Figure 4.2A shows
again that approximately 20% ol the controf population express cell surface IL-2Re.
However, anti-6 was unable (o increase I1.-2Ra expression above the level of the
control either at low doses of the antibody (data not shown) or at high doses (Panel

B). Again. this was demonstrated in mulliple independent tonsil preparations.

Finally, resting B cells wete cultured with anti-y antibodies (Figure 4.3) and, again.
this showed a different result lo that seen with either anti-p or anti-8. 20% of the
resting B cell population expressed 1L-2Ra when unstimulated. However, a high
concentration of anti~y induced 43% of these cells to express IL-2Ra at the cell
surface. This was the maximum level of I1.-2Ra that conld be induced by anti-y and
no further up-reguiation could be achieved. The data were representative of scveral

experiments perfoimed on independent tonsil preparations.

To conftirm these results, extensive dose response experiments were performed using
each antibody over a wide concentration range (Figure 4.4). Stimulating the cells with
varying concentration of each antibody gave distinct and separatc curves, At low
concentrations anti-p induced 1L-2Ro expression to 2 maximum level of
approximately 35-40%. In most cases (although not always), the concentration of anti-
i which gave the maximum induction of IL-2Rx expression was 0.5-1 pg/mi;
sometimes 5 pg/ml gave the maximum level of IL-2Ra expression. When the cells
were cultured with a high dose of anfi-u (25-50 pg/ml) an increasc in 11.-2Ra

expression was never seen. In fact, on some occasions there was inhibition of 11.-2Ra.
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expression with the percentage of cells expressing IL-2Rat falling below thal of the
control. This distinetive profile was obscrved in all independent tonsil preparations.
Anti-o. however. was never demonstraied to up-regulate 11.-2Ra expression whether
at high or low doses of the antibody. The percentage of celts expressing IL-2Ro never

increased beyond the level seen in the confrol population.

When the cells were stimulated with anti-y antibodies they up-regulated 1L-2Ro ina
dose dependent manner. This was comparable to the result seen with polyvalent anti-
[g. However, only 50% of the cells at most were driven 10 express surface 1L.-2Ro

when cultured with 25-50 pg/ml anti-y, unlike the situation ohserved with polyvalent

anti-lg when a maximum of 80% of the cells were driven (o express H.-2Ro.

4.3 Do Different Isotypes of Anti-lmmunoglobulin Antibodies Have a Similar

Effeet om CD23 Expression?

CD23 is the 45kDa low affinity form of the 1glZ Receptor, FcRell, on B cells and is
potently induced by 1L-4 {(DeFrance ef o 1987). Since 11.-4 also induces [L-2Rc on B
cells, it was of interest to determine whether other inducers of IL-2Ra, would have an
effect on CD23 expression. Thus, the same dosc response experiments weie
performed using each isotype antibody and the Jevels of CD23 expression determined
using three colour flow cytometry. Resting B cells already express high levels of
CD23 on the cel] surtace in comparison with IL-2Ra {(between 50-70% depending on
the tonsillar preparation). When cells were cultured with a wide concentration range

of anti-p, at low concentrations there was an approximate incrcase of 5% in CD23
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expression which was not seen when the cells were cultured with high doses of anti-p.
Thus, this rellects the results scen with I1-2Ra expression in response {o anti-j
stimulation, although the increase in CD23 expression is smaller in magnitude than
lhal of IL-2Ru expression. Culturing the cells with anti-y causes an increasc in CD23
expression in a dose-dependent fashion, again reflecting the effect seen when the cells
are cultured with anti-y and stained for TL-2Rw expression.

The only dilference seen between the induction of IL-2Ra and CD23 came when the
cells werc cultured with anti-8. In this case, there was a slight induction of C123
expression (of 2-5%) at the higher concentrations of anti-& antibody. As has been
stated previously, no concentration of anti-& could drive resting B cells to induce I.-

2Rex.,

4.4 Does Signaling via the Fe Receptor affect IL-2Ra Expression?

The Fe receptor on B cells, FeyRITb (B1 isolorm) helps modulate B cell activation
triggered by the surface Ig complex (Ravetch and Kinet [991; Mellman 1988).
Thercfore, it was of interest to determine whether Fe receplor-mediated signaling
could play a rolc in the lack of induction of IL-2Ra. cxpression seen when cells are
cultured with anti-§ or with high concenirations of anti-u antibodies. This was done
by comparing the effects seen with intact antibodies with those seen when F(ab’),
fragments of antibody were used. Figure 4.6 shows a comparison of intact anti-

1 antibodies and F(ab™), anti-jz antibodies, Both scts of antibodies gave the same
result; both could enhance expression of 11.-2Ra at low concentrations but high

concentralions of the antibodies caused no induction of 11.-2Rct.
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This was in sharp contrast to the resulls seen when anti-8 antibodies were used (Figure
4.7). Intact anti-8 antibodies failed to up-regulate IL-2Re., TTowever F{ab"), fragments
of this antibody reflected the results seen when the cells were stimulated with anti-p
(imact or F(ab’), fragments; that is, low doses of F(ab’), anti-8 antibodies up-rcgulated
levels of 1T.-2Ra to almost 40%. At high concentrations however, no increase in I1L-
2R expression could be detected. This indicates that Fe receptor-mediated inhibition

1s playing a part in slgD signaling.

Figure 4.8 shows a comparison of the effects of intact, F(ab®), fragments and Fab
fragments of anti~y antibodies on IL-2Ro expression. Both intact and F(ab’),
antibodics induccd IL-2Ra expression in a dose dependent manner. Fab fragments,
which atre unable to cross-fink receptors did not up-regulate expression of H.-2Ra at
all. This is consistent with the theory that cross-linking of any isotype of antigen

receptor is necessary for signals to be transduced.

4.4 Discussion

One of the most interesting findings from Chapter 3 was that when B cclls arc
stimulated with polyvalent anti-Ig antibodics almost 80% of them are induced 1o up-
regulate 1L-2Ra. Thus, the next step was to determine what happens to IL-2Rwx
expression when tonsiilar B cells are stimulated with difterent isotypes of anti-Ig
antibodies. The cells were cultured with intact anti-p, anti-6 and anti-y antibodies;

these will stumulate different subsets of cells present within the resting tonsillar
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population. Culturing tonsil B cells with anti-p antibodies will stimulate two different
popuiations of cells. Firsthy, if there are any immature IgM'/1gD cells present, anti-p
will bind to the antigen receplors on these cells. In addition, mature B celis which
express both sIgM and slgD will bind this antibody. Anti-3 antibodies will also bind
to receptors on mature B cells while anti-y antibodies will bind to 1gG receptors on
memory B cclls which arc present in small numbers within the resting tonsillar

population.

Maturc B cells cxpress twao classes of membrane-bound immunoglobulin, sIgM and
51D, while immalture B cells express only sIgM (Goding et a/ 1977; Vitetta and Uhr
1977). Whether the two classcs of slg have different functions on 13 cells is a matter of’
controversy. A number of studies have suggested that cross-linking sfgM and slgD
induces similar B cell responses (Sieckmann 1980; Mond et «f 1981; Brink ef af
1992). In particular, this is truc for early biochemical responses such as the uctivation
ol PTKs (Crold ef «f 1990; Burkhardt e/ af 1991) and the hydrolysis o phospholipids
(Cambier ef gl 1987; Klaus ef al 1987; Ilarnett ¢f af 1989). However, other studies
have revealed lunctional dilferences between sIgM and slgD. sTgM, but not slgD,
induces negative responses in B cclis such as anergy and apoptosis (Cambier ef af
1976, Vitetta ef af 1976; Ales-Martinez et al 1988; Tisch ef al 1988; Mongini ef af
1989; Kim er al 1991, 1992; Carsctti ef af 1993). Findings from the experiments
performed in this chapter have shown that slgM and slgD play dilferent rofes in the
up-regulation of IL-2Ra. Cross-linking of sIgM with low doses of anti-1L antibodies
can induce expression of IL-2Ra while engaging slgD with anti-3 antibodies does not

atfeet levels of expression of IL-2Rao: at all,
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Immature B cells are extremely sensitive to tolerance induction whereas mature B
cells are more dilficult to tolerise {(reviewed in Nossal 1983). This has led o the
development of the controversial theory that antigen induced signaling through sigM
provides a negative or tolerogenic signal. In fact, ligation ol sIgM has also been
reparted Lo inhibit the proliferation and differentiation of malture cells (Maruyama e/
al 1985; Kearney ¢f al 1978; Anderson ef g/ 1974; Ralph 1979: Rothstein and Kolber
1988; Kim ¢f ol 1992). These experiments would initially appear to oppose this theory
since up-regulation of [L-2Ra. allows formation of the high affinity 1L-2 Receptor and
thus leaves the B cell primed (o proliferate and differentiate in the presence ol other
signals. However, only low concentrations of anti-p antibody cause [L-2Ra to
become up-regulated and this effect is not seen with higher doses of the antibody. One
explanation for this could be that extensive cross-linking of skgM could be mimicking
the effect seen with auto-antipen within the germinal centre and cause the B celis to
become tolerised, Pul simply, the signal delivered by foreign antigens trapped on the
surtface of FNDCs might be lower than that delivered by high doses ol ubiquitous auto-
antigen. Thus, the failure of tonsillay B cells to up-regulate [L-2Rot in response to high
doses of anti-1t antibodies may represent a “fail-safe” device for eliminating clones

that exhibit auto-reactivity and that will provoke a damaging auto-immune response.

On most mature B cells gD is the dominant antigen receptor and is expressed 2-10
times morc abundantly on the cell surface than IgM (Havran ez af 1984; Carsetli ef &/
1993). As discussed above, studies have suggested that slgM, but not slgD, can

induce negative responses in B cells and it has been hypothesised that engagement of
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sigl) confers a dominant positive signal for B cell activation. However, knockout
mice lacking the IgD) antigen receptor are not drastically immunodeficient which
suggests that slgM may functionally replace sIgD in these mice (Nitschke ef af 1993;
Roes and Rajewsky 1993). 1f this is true then it seems surprising that cross-linking
slgl> does not enhance expression of [L-2Ro and thus allow high affinity receptors for
IL-2 to form. This suggests that additional signals would be required and that ligating

slgl) is not enough 10 activate the cells.

A comparison of the effcets of intact and F(ab’), {ragments of antibodies on [L-2Ra
expression indicated thal Fe receptor-mediated inhibition played a role in functional
slgl) signaling. Intact anti-& antibodies could not induce 1L-2Ra expression whereas
low concentrations of F(ab®), anti-6 antibodies could. In fact, F(ab™), anti-6 antibodies
pave a result identical to that seen when cells were cultured with intact anti-p
antibodies. In the cases of anti-y and anti-|i antibodies, F(ab’), fragments give similar
responses to those seen with the respective intact antibodies. Work has been done
which shows the Fe-dependent suppression of antigen-specific B cell responses can be
overcome by T cells or T cell-derived lymphokines (Holman and Kappler [978; Lees
and Sinclair 1975; Kolsch e af 1980) and 11.-4 has been shown 1o reverse e
Receplor-mediated inhibition in mice (O Garra ef al 1987). It has been hypothesised
that FeyRI1b is predominantly responsible for protection of the resting statc ol B cells
preventing inadequate auto-antibody production (Sarmay ef af 1993). This would

prevent B cells from being activated in the absence of suitable T cell help.




Cross-linking ot slg(G on memoty B cells causes 11.-2Rq, to be up-regulated in a dose-
dependent fashion. This is a dilferent result to those secn on engaging sigM or slgD
but one which is of some significance. Memory B cells must be able to proliferate in
responsc 10 lower amounts of antigen than naive cells (Yelenol ef af 1986). For them
ta do this. they would obviously need to be able to form high affinity [L-2Rs,
requiring increased IL-2Ra expression. These memory B cells have already been
selected against foreign antigen, not self, and therefore there is no need for IL-2Ra
levels to be decreased when high doses of antibody are added to prevent an auto-

immunge response.

The next chapter poes on to discuss cvents at the promoter region of the 1i.-2Ra genc.
It is important to relate the evenls that are occurring at the cells surface to those
happening at the molecular [evel. In particular, there is a protein which binds to a
negalive regulatory region within the 1L-2Ro promoter which has the ability 1o
silence expression of this gene und it was of interest to discover whether signals
through Lhe antigen receptor could affect the binding of this protein to the promoter

region.




Figure 4.1  The Effect of Anti-p Antibodies upon IL-2Rua Expression.

High density resting tonsil B cells were cultured in complete medium (Panel A) or with
either 0.5 pg/ml anti-p {Panel B) or with 25 ug/m/! anti-p (Panel C) for 24 hours. The
cells were stained with FITC-anti-CD25 and PE-anti-CD19 and analysed by two colour
flow cytometry. Propidium lodide was added to facilitate exclusion of dead cells and
5000 live gated cvents were collected. The two colour dot plots show green fluorescence
(FITC) on the x-axis and red fluorescence (PL) on the y-axis. The percentage of B cells
positive for IL-2Ra was calculated as previously described in the legend to Figure 3.1.

These experiments were repeated 4 times and a representative experiment shown.
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4.2  The Effect of Anti-5 Antibodics on [L-2Ro Expression.

High density resting tonsillar B cells were cuftured in either complete medium, Panel A,
(19%) or with 25 pg/mi anti-8, Panel B,(20%) for 24 hours. The cells were stained and
the percentage of B cells positive for IL-2Ra was determined as previously described in
the legend o Figure 3.1. The figures shown in brackets are the percentage of B cells
positive for IL-2Ra expression. Again this was repeated four times and a representative

experiment shown.
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43  The Effect of Anti~y Antibodies on IL-2Ra Expression.

High density resting tonsiilar B cells were cultured in either complete medium, Panef A,
(21%) or with 25 ng/ml anti-y, Panel C (51%) for 24 hours. The cells were stained and
the percentage of B cells positive for IL-2Ra expression was determined as described in
the legend to Figure 3.1. The tigures shown in brackets are the pereentapge of B cells
positive for [L-2Ro. expression. Again this was repeated four times and a representalive

experiment shown.
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4.4 Dose Response Titrations of Anti-u, Anti-5 and Anti-y Antibodics.

High density resting tonsillar B cells were cultured with the indicated concentrations of
anti-1, anti-& and anti-y antibodies for 24 hours (Panel A). IL-2Ra expression was
determined by flow cytometry as described in the legend to Figure 3.1. The data shown
are representative of six independent tonsillar B cell preparations. Pancl B shows the data

expressed in terms of the molar concentrations of each stimulus applicd.
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4.5  The Effect of Anti-p, Anti-d and Anti-y Antibodies on CD23 Expression.

High density resting tonsillar B cells were cultured for 24 hours with the indicated
concentrations of anti-p, anti- or anti-y. Cells were then stained with FITC-anti-CD25,
PE-anti-CID 19 and Biotin-conjugated anti~-CD23 followed by Streptavidin Quantum Red
to detect the biotinylated anttbody. T.evels of CD23 expression were determined in the
same way as described previously for IL.-2Ra expression in the legend for Figure 3.1.
Pancl A shows the data expressed in terms of the pg/mi of antibody used whereas Panel
13 shows the data expressed in terms of molar concentrations. This experiment was

repeated 3 times and the results show a representative experiment.
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Figure 4.6 A Titration Curve Comparing the Effects of Intact Anti-p with F(ab’),

Fragments of Anti-u on IL-2Ra Expression.

i liph density resting tonsillar B cells were cultured for 24 hours with the indicated
conecentrations of either intact anti-p or F(ab’), fragments of anti-g. Levels of IL-2Ra
expression were determined as described previously in the legend to Figure 3.1.The data

are expressed in terms of the molar concentration of each antibody.
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Figurc 4.7 A Titration Curve Comparing the Effect of Intact Anti-5 with F(ab”),

Fragments of Anti-3 on IL-2Ra Expression.

High density resting tonsillar B cells were cultured for 24 hours wilh the indicated

concentrations of either intact anti-8 or F(ab’), fragments of anti-3. Levels of 11.-2Ra,

expression were determined as shown previously in the legend to figure 3.1. The data are

expressed in terms of the molar concentration of cach antibody.
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Figurc 4.8 A Titration Curve Comparing the Effect of Intact Anti-y, F(ab’),

Fragments of Anti-y and Fab Fragments of Anti-y on IL-2Ra. Expression.

High density resting tonsillar B cclls were cultured with the indicated concentrations of
either intact anti-y, F(ab”), fragments of anti-y or Fab fragments of anti-y. Levels of 1L-
2Ru expression were determined as shown previously in the legend to Figure 3.1. The

data are expressed in terms of the molar concentration of each antibody.
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Chapter 5

Expression of the IL-2Ro. Gene in Human Tonsillar B Lymphocytes
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5.1 Introduction.

The preceding chapters have demonstrated that [L.-2Ra expression can be induced in
human tonsillar B lymphocyles by stimulating the cells with cither IL-4, anti-Ig or anti-
CD40 antibodies. In particular, the isotype of anti-Ig which is used to stimulaic the cell is
ol importance: both anti-p and anti-y cause IL-2Ra 10 be up-regulated on the B cell
surlace, although this up-regulation is abrogated at high doses of anti-u. By contrast,
induction of expression is not seen when cells are cultured with anti-8. In order to define
the molecular levels of control regulating the [L-2Ro promoter, a scries of experiments
consisting of gel shift assays and transicnt transfection studies were performed to

determinc whether IL-4 or anti-lg anlibodies could induce [L-2Ra promoter activity.

In T lymphocytes the IL-2Ra promoter region has been well chacacterised and the major
cis acting sequences identilied. A 1352 base pair fragment 5’ to the [L-2Ra gene has
been shown to have promoter activity when fused to a reporter gene (Leonard ef af 1985).
Several ¢fs regulatory elements within this region bave been mapped and their
corresponding fraas-activating factors identified. There are believed to be at least 3
positive regulatory elements, PRR .. involved in IL-2Ra promoter activity. Within
PRR,, located -270 to -244 relative to the major transeription control site, there are four
putative binding sites [or auclear factors that positively regulate transeription (NFIL2RA,
NIk}, SRF and Sp-1) (Bohnlein ef o/ 1988; Leung and Nabef 1988; Ballard er «f 1989;

Cross ef af 1989; Lowenthal et a/ 1989; Lin ef af 1990; Roman ef af 1990; Toledano ef «af
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1990; Algarte ef al 1995; John ef of 1995,1996), PRR,, (-137 to -64) (John e ai 1995)
contains binding sites for at least two DNA binding profteins, an £fs family protein, Ell-1
. {Thompson ef ¢f 1992) and the pon-histone chromatin-associated protein, HMG-I(Y)
(Flton and Reeves 1986. Johnson ¢f al 1989: Lund ef of 1986). PRR; is located some
distance upstream of the 5 cap site, between nucleotides 3780 and -3703; it has a
binding site for STAT-5 as well as consensus sequences for Elf-1, HMG-I(Y) and a
member of the GATA family of DNA binding proteins (JTohn ef af 1996). It seems likely
that PRR, contributes towards basal promoler activity and cell-type specilicity of
expression of the gene whereas PRR, and PRR; contribute more poteutly to the

inducibility of the [L-2Ra promoter.

In addition to the positive regulatory regions of the IL-2Ro promoter, there are two
negative regulatory regions which lie within 400 base pairs of the transcription itiation
site. NRIE T is located between nucleotides -400 and -368 {Smith and Greene 1989) and
NREII is located between nucleotides -317 and -342 (Lowenthal ef af 198%b). NRL I
contains an {1 base pair core element (TTCATCCCAGG) which binds in vifro to a

50k Da protein (SP50). This is thought to mediale he negative regulation of the gene:
displacement ot inactivation of SP50 is associated with lranscriptional activation (Smith

and Greene 1989),

Thus, the IL.-2Ra promoter contains multiple regulatory elements which together

orchesirale a coordinated response to mitogenic or growth factor stimulation. Since 11.-4
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and anti-lg antibodies can induce surface IL-2Ra expression on human B cells,
experiments were performed to determine whether this up-regulation was mediated by
interactions at sites within the promoter region. High concentrations of anti-p can inhibit
the induction of IL-2Rae and it was of particular interest to ascertain whether anti-p -
driven inhibition of IL-2Re in B cells regulates the activity of the protein(s) capable of

binding to the NRE 1 ¢lement.

5.2 Analysis of DNA Binding Protein Activity Specific For the N¥-cB Region of the

IL-2Ra Promeoter in Resting B Cells.

NF-xB is a ubiquitous transcription factor whose properties are extensively exploited by
cells of the immune system. Several lines of evidenee have indicated that the kB site in
the I1-2Ra promoter plays a critical role in the induction of the IL-2Ra gene in human T
cells (Baltard ef af 1988; Lowenthal ef af 1988, 19894, b; Bohnlein ¢ af 1988). Thus it
was important to determine whether B cells, like their T cell counterparts, contained
DNA-binding protein activities which could bind {o the «i3 motif. Nuclear extracts were
prepared from resting tonsil B cells and were found 10 contain a protein (or proteins)
which recognised and retarded labelled NF-xB oligonucleotide (Figure 5.1, lanes | and 6}
and which were sensitive to competition by a 10- or 100-fold excess of cold NF-xB

oligonmucleotide (Figure 5.1, lanes 2 and 3 respectively). Binding was insensitive to the

147




presence of a 10- or 100-fold excess of an non-specific oligonucleotide which

corresponded to an AP-2 consensus binding site (Figure 5.1, lanes 4 and 5 respectively).

5.3 Fhe Etfects of Anti-p Antibodies and IL-4 on NF-xB Specific DNA Binding

Protein Activity in B Cell Extracis.

A range of concentrations of anti-L gives a distinctive profile of 1L-2Ra induction; that
is, at low concentrations of anti-pi IL-2ZRw expression is induced in resting tonsil B cells
whereas at high concentrations this ¢ffect is completely abrogated. Thus, B c¢ll extracts
were prepared from tonsillar B cells which were cullured either with a low concentration
(0.51g/ml) or a high concentration (25ug/ml) of anti-p. These have been shown to induce
or inhibif cell surface expression ol 1L-2Ra, respectively (sce Chapter 4), At time 0 there
was oligonucleotide binding activity in both sets of extracts (Figures 5.2A and B) and this
activity was not significantly altered on addition of either concentration of anti-IgM. NF-
kB specific DNA binding protcin aclivity was also studied on extracts which had been
cultured with intermediate concentrations of anti-IgM (1 and 10pg/ml) (data not shown).
Again, there was no significant alteration in DNA-binding protein activity over a four
hour time course. Similar experiments were performed using B cell extracts cultured with
varying concentrations of anti-6 and anti-y antibodies (data not shown), again with an

identical result,
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Since IL~4 also potently induces 1L-2Ra cxpression in resting B celfs, we next

determined whether IL-4 exerted any eflect on NF-kB protein binding activity in tonsillar
B cells (Figure 5.2C). An identical result was obtained to those obtained with anti-ix; that
is, there was no alteration in protein binding activitly at the kB region when the cclls were

stimulated with 20 M [L-4 (400U/m}).

5.4 The Elfects of Anti-pp Antibodics and [L-4 on NFIL-4 DNA Binding Protein

Activity in B Cell Extracts.

We have found LL-4 to be the sole cytokine that will up-regulate 11.-2Ra expression in
resting tonsiltar B lymphocytes, However, the molecuiar mechanisms of 1f.-4 action in
this response are still obscure. 1L-4 also tightly regulates induction of I'ceRII (CD23), the
low affinity receptor for 1gE. An [1.-4 responsive element was identified within the CD23
promoter region (Dekrance ef af 1987; Vereclii ef al 1988) and an i1.-4 dependent nuclear
binding factor, NIFIL.-4, was tound to inleract specificaily with this novel 9 base pair
motif (Kohler and Rieber 1993). NFIL-4 also interacts with a homologous sequence
within the promoter of the germline e transcript. A consensus sequence for the NFIL-4
binding site was proposed to be 5° T(T/CYC(I/CONA/GYA/G)GAA 37 and a sequence
cortespondding to this was found in the IL-2Ra promoter in B cells (-306 to -298). Thus,
we next determined whether IL-4 and/or anti-p exerted any effects on NFIL-4 protein

binding activity in tonsillar B cells.
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At time 0, NIFIL-4 oligonucleotide binding activity was clearly detected in B cell extracts
by gel shift assay (Figure 5.3A, B and C). [However, both low and high concentrations of
anti-p (Figure 5.3A and B respectively } failed to have any effect on NFH -4 binding
activity to the 11.-4RE. as might have been expecled. In contrast, NFIE.-4 binding activity
was increased aver a four hour period following addtion of 2nM IL-4. Two mobility shift
bands were evident in the analysis and both were shown to be sensitive 1o competition by
excess cold IL-4RE oligonuceotide (data nol shown). Thus, binding of NT'1L-4 to [1.-4RE
in the 11.-2Ra promoter seems to be under the sole control of 1L-4 and, as expected, is not

affected by signals dclivered via the TgM antigen receptor.

5.5 Does the Negative Regulatory Region Play a Role in Induction of the [L-2Ra

Promoter When Cells Are Stimulated With Anti-p?

Low concentrations of anti-p will induce expression of TI.-2Ra in human tonsillar B cells
while high concentrations of the same antibody inhibits this effect completely. This
phenomenon is seen solely when cells are stimulated with the anti-p isotype. A possibie
explanation for this differential effect could lie in the capacity of anti-p to influence the
aclivity of the NRE binding protein (NRE-BP) in B cells. To test this notion, it was (irstly
investigated whether B cells, like their T cell counterparts, contained proteins which

could bind to the 11 base pair core region of NRE 1.
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Nuclear extracts from resting tonsil 13 cclls which had been cultured with cither anti-

w (Figure 5.4AY or 11.-4 (TFigure 5.4B) were found to contain protein(s) which recognised
and retarded fabelled NRE oligonucieotide (Lanes 1 and 4). This was sensitive to
competition by 100-fold excess of cold NRE oligonucleotide (Figure 5.4A and B, lanes 2)
but insenstive (o the presence of 100-fold excess of an oligonucleotide cotresponding to
the AP-1 consensus binding site (Figure 5.4A and B, lanes 3). Experiments performed by
others in this laboratory confirmed that oligonucleotides corresponding to the consensus
binding sites for Ocl-1, NF-xB3, CREB and TFIiD were also unable to compete for
binding to the NRE oligonucieotide. Two sequence specific bands were evident; hoth
showed sensitivity to competition with unlabelled NRE oligonuceotide. The gel shift
protile is essentially identical 1o that noted for Jurkat ‘I cell Lines and to that reported

previously (Smith and Greene 1989; Hewitt ¢f of 1997).

Once it had been cstablished that B cells did indeed possess protein(s) capable of binding
to the 11 base pair core motif of NRE [, the next step was to discover whether culturing
the B cells with anti-u had any cflect on the binding of these protein(s) to this region.
Therefore, extracts were prepared at hourly intervals {rom resting tonsiilar B cells
stimulated either with a low concentration of anti-p {0.5ug/m!i) or a high concenlration of
anti-1s (25pg/ml) and the DNA binding protein activity for the NRE [ analysed by gel
shift assay (I'igure 5.5A and B regpectively). It was found that low concentrations of anti-
i significantly deereased NRE oligonucicotide binding activity over a four hour period.

However, in sharp contrast, high concentrations of anti-p did not affect the binding ol




proteins 1o NRT oligonucleotide. This differential cffeet might partially explain the

failure of high concentrations to drive 1L-2Ra expression in resting tonsillar B cells.
Thus, the distinct induction and then inhibition of [L-2Ra expression secn at the surface
of the cell in response Lo a range of concentrations of anti-p is reflected by DNA binding

cvents at the NRE [ region of the promoter.

Onecc this elfect had been determined, studies were performed to assess the cffcet that
culturing B cells with 11.-4 would have on NRE binding protein aclivity. Extracts were
prepared [rom B cells which had been cultured with 2nM I1.-4 for up to four hours.
Following addition of [L-4, NRE oligonucleotide binding activity (clearly detectable at

time 0) was again reduced over the four period (Figure 5.5C). This was esscatially an

identical result to that obtained when the cells were cultured with low concentrations of
anti-p and is consistent with the hypothesis that ligands which induce I1L-2Ro expression

cause Joss of NRIE-BP activity.

5.6 Do Other 1sotypes of Anti-Ig Antibodics Affect NRE Binding Protcin Activity?

Anti~y antibodies can also induce 1L-2Ra expression on the B cell surface; unlike anti-p
this induction is not reversed at high concentrations of the antibody. It was therelore of
inlerest to see if varying concenlrations of anli-y would have any effect on the protein(s)

binding to NRE 1. Extracts were again prepared from resting B cells which in this case
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had been cultured with low and high concentrations of anti-IgG and gel shift assays
performed (Figure 5.6A and B respectively). However this time there was no altcration in
the binding of proteins to the NRE oligonucleotide. At time 0 there was detectable NRE
oligonucleotide binding activity and this did not increase or decrease over the four hour

time period (or indeed after 24 hours - data not shown).

Culturing resting B cells with anti-IgD antibodies had no effect on the levels of IL-2Ra
expression on the cell surface and, in distinct contrast to the resulls seen with low
concentrations of anti~-IgM and with [L.-4, there was no change in the protein binding

activity to NRE I (Data not shown).

5.7 Analysis of the Activity of 1L-2Rx Deletion Reporter Constructs.

A reporter plasmid (pCD25-CAT-E) had been constructed previously in this laboratory
(Hewitt ef of 1997). This contained a 592 base pair fragment of the IL-2Ra promoter
region of the human IL-2Ra gene located upstream of the chioroamphenicol acetyl
transferase gene. The vector also contained an SV4Q enhancer sequence which facilitates
detection of low levels of reporter activity ia human B cells (Hewitt ef af 1997). The 592
base pair {ragment inserted into the plasmid comprised the minimal promoter/enhancer
region of the IT.-2Ra gene which extends from -472 to +109 and contains the 11 base pair

NRE I sequence. In addition, a deletion construct was made which lacked this 11 base
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pair region {(pANRE-CAT-E). Each plasmid was transfecled into tonsillar B cells and the
reportey gene activity assessed after stimulation with 1L-4. Mock-transtected cells were

used as a control. Reporter gene activity was assessed by "I LC analysis (Figure 5.7A} and
(quantitated by phosphorimage anafysis (Figure 5.7B). Figure 5.7A, lanes 1 and 2 give the

results of cells mock-transfected as a conteol: lane 1 shows unstimulated cells, lane 2

shows cclls stimulated with 1L-4). B cells transiently translected with the full length [L-
2Ra promoter construct, pCD25-CA'T-E, resulted in a low level of reporter gene activity

{Figure 5.7, lanc 3). Somewhat surprisingly, there was no induction of activity after

stimulation of the cells with 2nM 1L.-4 (Figure 5.7, lanc 4). However, on transfecting the
cells with the NRE-deletion construct, pANRE-CAT-E. the basal level of reporter gene

activily was increased approximately 10-fold on stimulating the cells with [L-4 (Lanc 6)

compared to the activity seen in the unstimulated cells (Lane §). IMigure 5.7B shows a

phosphorimage quantitation of the TILC data.

However, the mosl siriking results came when resting B cells were either mock-
transfected, transfected with pCD25-CAT-E or transfected with pANRE-CAT-E and then
cultured for 48 hours with anti-p antibodies. Figure 5.8, lanes 1,2 and 3, give the results
of the mock-transfected cells which were cultured in cither complete medivm, with
0.5pg/ml anti-p or with 25pg/ml anti-j vespectively. As expecled, these lanes show no
acetylaled forms ol chforoamphenicol. On transfecting the cells with pCD25-CAT-LE,
there is a 20-25 fold induction of reporier gene activity in cells cultured with 0.5 1g/ml

anti-p (Figure 5.8, Lane 5) compared to control cells cultured in complete medium
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(Figure 5.8, lune 4). Cells cultured with 25pg/mi anti-\ show no increase in basal gene
activity (Lane 6), as might have been predicted from the results of previous FACS and gel

shill experiments.

Resting B cells were also transfected with the deletion construct, pANRE-CAT-E, and
then cultured either in compliete medium (Figure 5.8, lanc 7). with 0.5312/ml anti-

i (Figure 5.8, lane 8) or with 25ug/ml anti-u (Figure 5.8, lanc 9). Again at low
concentrations of anti-it there s induction of reporter gene activity. However, most
importantly, high dose anti-p stimulation does not suppress expression of the pANRE-
CAT-E reporter construet; in fact, there 1s a significant induction of reporter gene

activity. Figure 5.813 shows a phosphorimage quantitation of the TLC data.

These data are consistent with the interpretation that, firstly. protein(s) binding to NRE T
inhibits basal activity of the IL-2Ru. promoter. Sccondly, expression of the IL-2Ra
induced by low doses of anti-|L correlates with attenuation of the NRE protein binding
activity. Finally, inhibition of IL-2Ra induction by high concentration of anti-j1 is caused
{at least in part) by the binding of protein(s) to NRE i, presumably resulting in

supptession of transcription of the gene.
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5.8 Discussion

The IL-2Ra promoter region in B cells possesses multiple regulatory regions. Of these,
we chose to study. firstly, the positive regulatory region PRR, and, secondly, the ncgative
regulatory region NRI: [ The key finding to emerge from this study is that transcription
of the IL-2Ra gene in human tonsillar B jvmphocytes is subject to negative regulation by
ant 11 base pair NRE which is a potent suppressor of transcription, In T cells, this NRE 1
is bound by a 50kDa protein (SP-50) which is, as vet, undefined. L is not known whether
the same protein is present in B cells. However, given that the gel shift patterns arve
similar in B cells, T cells and Jurkat cells, it seems likely that the same protein is
involved in each casc. Low concentrations of anti-i which were found to induce
expression of 1L-2Ra on the cell surface also causcd attenuation of the NRE binding
protein (NRE-BP) activity. However, at high concentrations of anti-p there was no
attenuation of NRE-BP activity, correlating with the fact that high concentrations of anti-

i do not drive B cells to express surface JL-2Ro.

Regulation of the human IL-2Ra is very complex and the most extensive siudy of
promoter regulation has been in 1 eells. Recent studies using band shift and DNase |
[ootprinting assays (Algarte ¢f of 1995) indicated that there is apparently a major role
played by the NF-«B transcription factor in the positive regulation of the IL-2Ro
promoter. 1t was proposcd that in resting T cells the kB element is occupied by a

constitutive NF-kB homodimer which impairs SRY binding to the flanking SRE/CArG
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box. On activation of T celis. the kB element is occupied by a p50-p63 heterodimer

which is associaled with an SRE/CArG box DNA binding factor. By contrast, resting I3
cells do not appear to possess such constitutive protein-DNA interactions at the 1L-2Ro
locus. Again, unlike T cells, activation of B cells either via the antigen receptor or by I1.-
4 [ails to affect the binding activity of proteins to the B element. In any case the anti-p
data represented here would fail to distinguish between the binding of p50 homodimers

and p50-p65 heterodimers to the kB motif; further gel supershilt assays would need to be

performed. However it is clear that other elements within the promoter must be playing a

signilicant role in 1L-2Ro gene regulation in B cells.

One such candidate for this might be the IL-4RE, located -305 10-298 1o the transeription
iniliation site. Sequences in the promoter regions of the CD23 and Te genes (which are
controlled by [1-4) were found to be bound by an IL-4-activated nuclear factor NFIL-4
(recently demonstrated to be STAT-6; Hou ef al 1994; Kohler and Rieber 1993}, A
sequence simifar to these was found in the IL-2Re promoter in B cells; the cells also
possess a DNA-binding protein which interacls with oligonucleotides containing an I1L-
4RI sequence. Treatment of the B cells with [L-4 resulted in an increase in activity of the
protein binding to the IL-4RE. The identity of this protein in B cells has yet to be defined;
early experiments carried out by others in this laboratory indicated that 1L-4RFE is bound
by a phospho-iyrosine containing protein which is sensitive to 5TAT-6 oligonucleotides.
However they were unablie to supershift the protein-oligonucleotide complex with anti-

STAT-0 antibodics. This suggests that NFIL-4 might be made up of a camplex
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containing STAT-06 plus another, as yet unidentified protein, The fact that anti-p
antibodies [ail (o induce binding of NFIL-4 to IL-4RE could mean that another regulatory
element within the IL-2Ra promoter region plays a role in the induction of [L-2R«x by

anti-|L antibodies.

Thus attention was focused on the role that the negative regulatory elements might play
in controiling transcription of this locus. In T cells, the NRIZ I region of the promoter is
active and involved in suppressing transcription of the IL-2Ra gene. ‘the 11 base pair
element is bound by SP-50 in T cells, silencing I11.-2R transcription. B cetls also possess
a protein capable of binding an oligonucleotide containing this 11 base pair region and,
indeed, low concentrations of anti-u which induce [L-2Ra expression were found to
attenuate NRE binding protein activity. Fligh concentrations of this antibody did not
appear o alter binding protein activity at this region, a fact which correlates with the
obscrvation that high doscs of auti-p will not induce [L-2Ro expression on the cell
surface. ['urthermore, deletion of the NRE from the promoter sequence increased basal
reporter gene activity in B cells treated with both low and high doses of anti-gt. These
findings would scem to suggest that NRE [ plays a major role in controlling IL-2Ra
transcription when cells are stimulated via their IgM antigen receptors. The situation
where cells are stimulated via the IL4 receptor seems to be more complex with a variety

of positive and negative regulatory factors all playing a part.
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It should be noted that negative regulation of 11.-2Ra transcription at NRE | actually
encompasses 31 base pairs; the 11 base pair core of NRE [ alrcady mentioned and a
Retinoic Acid Response Element (RARE). Treatment of B cells with IL-4 resuits in loss
of DNA binding protein activity for RARE specific oligonucleotides (Hewitt ¢f af 1997).
However, this element does not appear to be under the control of signals transduced via
the [gM antigen receptor since treating the cells with a variety of concentrations of anti-u
failed to alter the binding aciivily of proteins to the RARE oligonucleotide (data not

shown).

Therefore it simply remains 1o speculale on the nature of the protein(s) that might bind to
the NRE I 11 base pair core clement. In T cells. as has been stated, SP-50 remains
undefined. There are no specific homologies to consensus binding sequences for a rangc
of transcription factors. A possible candidate was thought to be YY I, a ubiquitously
cxpressed zine finger protein which requires only a core CAT motif for DNA binding
(Hyde-DeRuyscher ef af 1995) and it has been known to act both as an activator and as a
suppressor of transcription. However, recent studies in this Jaboratory have appeared to
rule out YY1 as a protein which will bind the NRE [ element. Other transcription factors
which were (hought to be possible candidates included CREB, an efs family member or
HMG-I{Y). All have been discounted, due to competition assays (data not shown),
supcrshift assays and molecular mass, respectively. Thus, although it is known that the
proteins which bind NRE [ silence transcription and play a dominant role in induction of

IL-2Ra by the antigen reeeptor, it remains to be determined how signals from the antigen
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receptor are linked 10 a protein acting at NRE [ and whether this protein belongs 1o an
already defined family of transcription factors or in [act is a novel factor which has not

previously been characterised.

160



Figure 5.1  ldentification of NF-xB-specific DNA Binding Activity in Tonsil

Resting B Cells.

Nuciear and cytoplasmic cell extracts were prepared from the resting tonstllar B cells (5 x
10°y which had been cultured overnight in complete medium. The binding activity of Sug
aliquots of protein to y-[**P]-labellcd NF-kB oligonuclcotide was assessed by gel shifl
assay in the absence of cold competitor oligonucleotide (lane 1) or in the presence of 10-
fold or 100-Told excess of cold NF-xR oligonucleotide (lanes 2 and 3 respectively) or in
the presence of 10-fold or 100-fold excess of a non-specific oligonucleotide, AP-2 (lanes
4 and 5 respectively). Lane 6 shows 4 repeat of the binding activity of y=["}-labelled
NE-kB oligonucieotide in the absence of cold competitor oligonucleotide. Specific

binding activities are indicated with horizontal arrows.
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Figure 5.2  Lffects of Anti-p and IL-4 Stimulation on NF-xB Binding in "L'opsil

Resting B Cells.

Nuclear and cytoplasmic extracts were prepared from resting tonsitlar B cells which had
been cultured overnight in complete medium and then stimulated with either 0.5pug/ml
anti-pt (A), 25ug/ml anti-p (B) or 400 U/ml IL-4 (C) for up 1o [our hours. Sug of protein
extract was analysed by gel shift assay for binding to y-[’P]-labelled NF-xB

oligonucleotide. Specilic binding activities are illustrated by horizontal arrows.
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Figure 5.3 Effects of Anti-p and IL-4 Stimulation on NFIT1.-4 Binding in Tonsil

Resting B Cells.

Nuclear and cytoplasmic extracts were prepared as described in Figure 5.2, that is
cuitured overnight in complete medium and then stimulated with either 0.5pug/ml anti-p
(A). 25pg/m] anti-pt or 400 units/ml TL-4 for up to four hours. The binding activity of Spg
of protein to y-[*P]-labelled NF-1L-4 oligonucleotide was assessed by gel shift assay.

Specific binding activities are illustrated with arrows.
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Fignre 5.4  Identification of NRE specific DNA Binding Activity in Resting Tonsil

B Cells.

Nuclear and cytoplasmic extracts were prepared from resting tonsil B cells which had
been cultured overnight in eomplete medium and then stimulated with 25ug/ml anti-u{A)
or 400 units/ml [L-4 (B). The binding activity of Sug aliguots of protein (nuclear extracts
only shown) to y-[*P]-labelled NRE oligonucletide was assessed by gel shift assay in the
absence of cold competitor oligonucleotide (Lane 1), or in the presence of 100-fold
excess of cotd NRE oligonucleotide (Lane 2) or in the presence of 100-fold cold non-
specific oligonucleatide (AP-1) (Lane 3). Lane 4 shows a repeat of the hinding activity of
y-[?P]-labelled NRE oligonucleotide in the absenee of eold competitor oligonucleotide.

Specific binding activities are indicated by horizontal arrows.
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Figure 5.5  Effects of Anti-p and IL-4 Stimulation on NRE-specific Binding

Activity in Resting Tonsil B Cells.

Nuciear and cytoplasmic extracts were prepared as described in Figures 5.2 and 5.3. Cells
were cultured overnight in complete medium and then cultured for up to 4 hours with
cither 0.5 pg/ml anti-i (A), 25 wg/ml anti-p (B) or 400 units/ml IL-4(C). The binding
activity of Spug aliquots of protein to y-[**P]-labelled NRE oligonucleotide was assessed
by gel shifl assay. Specific binding activities are indicated with horizontal arrows. This

experiment is reprasentative of 4 tonsillar preparations.
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Figure 5.6  Effeets of Anti-y Stimulation on NRE Binding Activity in Resting

Tonsil B Cells,

Nuclear and cyloplasmic extracts were prepared as described in previous [igures. Cells
were cultured overnight in complete medium and then cultured for up to four hours with
0.5 pg/ml anti-y (A) or 25 pg/ml auti~y (B). The binding activity of Spg aliquots of
protein to y-{**P|-labelied NRI: oligonucleotide was assessed by gel shift assay. Specific

binding activities are indicated with horizontal arrows.
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Figure 5.7  Activity of CAT Reporter Gene Constructs in Tonsil B cells calturcd

with 1L-4

Resting tonsil B cells were transtected with 40 pg of the following plasmid DNAs:
{.anes 1 and 2: No plasmid

Lanes 3 and 4 pCD25-CAT-E plasmid

Lancs 5 and 6 pANRE-CAT-E plasmid.

Following this, the cells were rested for an hour and then cultured with either complele
medium (Lanes 1. 3 and 5) or with 400 Units/ml IL.-4 (Lanes 2, 4, and 6) for 48 hours.
Then they were harvested and assayed for CAT activity by TLC. Panel A shows an
auvtoradiograph of the TLC plate and Panel B presents a phosphorimage analysis of the
TLC data. The units ol relalive reporter aclivity are expressed as phosphotescence units
minus background phosphorescence per mm” . Plasmids were constructed by E. Hewitt

(Hewitt ef af 1997)
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Figurc 5.8  Activity of CAT Reporter Gene Constructs in Resting Tonsil B Cells

Cultured with Anti-p. ’

Resiing tonsil B cells were electroporated with 40ug of the following plasmid DNAs:
Lanes 1, 2 and 3 No Plasmid

Lancs 4, 5 and 6 pCD25-CAT-E

Lunes 7, 8 and 9 PANRE-CAT-E.

They were Lhen rested for an hour before being cultured with either complete medium
(Lanes 1, 4 and 7), 0.5 pg/ml anti-p(Lunes 2, 5 and 8) or 25 pg/ml anti-p (Lanes 3, 6 and
9). Following this, they were harvested and assaycd for CAT activity by TLC. Panel A
shows an atuoradiograph of the TLC plate and pancl B presents a phosphorimage analysis

of the T1.C data. Plasmids were prepared by E. Hewitt (Hewitt et al 1997)

175



No Plasmid pCD25-CAT-E PANRE-CD25-CAT-E

H

25
1 control

0.5pg/ml anti-p
W 25ug/mi anti-.

I

20

Relative 15 -
reporter
activity

No Plasmid pCD25-CAT-E  pANRE-CD25-CAT-E

Plasmid




Chapter 6

General Discussion
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The experimental data presented in this thesis provide new insights into the regulation of
IL-2Ro expression in tonsillar B lymphocytes. In summary, cross-linking of the antigen
receptor in B cells can increase IL-2Ra expression, although anti-Ig antibodies are not
such potent inducers as IL-4. Engaging the antigen receptor alone cannot canse B cells to
proliferate; additional signals are reguired. Furthermore, ligating sIg on diffcrent subsets
of B cells causes variations in the expression of IL-2Rw on these cells, Finally, cell

surface expression can be related to events at the level ol the IL-2Rw promoter.

6.1 The Importance of IL-2Rc. in B Cell Activation.

[L-2Rw 18 not thought to be involved in IL-2 receptor signalling. However, it is an
important B cell molecule since its presence allows the high affinity IL-2 receptor to form
and therefore permits the B cell to respond to physiological concentrations of T1.-2. Thus,
factors which can regulate expression of IL-2Ru play a major role in the fate of the B
cell. Data from Chapter 3 show that polyvalent antibodies, anti-CD40 antibodies and IL-4
can all induce expression of IL-2Rat in human tonsillar B celis. This induction appears to
be both lineage and species specific. It would be of some interest to discover whether any
other B cell activators can increase [L-2Ra expression. Ligation of B cell MHC class TT
antigen causes signal transduction events within the B cell and can cause up-regulation of
I1-2Rc i a human B cell line, although this alone cannot cause the cells to proliferate

(E.Hewilt, personal communication).
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In the experiments on primary B cells presented here, the physiclogical relevance of IL-
2Ro was confirmed. Only B cells which had increased levels of TL-2Ra were able to
respand to 11.-2 and proliferate significantly. An additional expertment which could be
performed to confirm that the presence of IL-2Ra is crucial for B cell growth would be to
repeat the proliferation experiments from Chapter 3 but also adding an anti-IL-2Ra
antibody. If this inhibited proliferation, it would indicate that IL-2Rw is indeed necessary
for B cell proliferation. It is presumably necessary for B cell differentiation also, although

no experiments were performed within this Juboratory to determine this.

0.2 IL-2Rc Expression in Different B Cell Subsets.

The data presented in Chapter 4 appear to support the theory that sIgD and sIgM have
diffcrent functions in B cell signalling, since anti-p antibodies are capable of increasing
expression of IL-2Ra whilc anti-d antibodics arc not. It has been suggested that sIgM
plays a negative role in B cell signaling while ligation of sIgD provides a dominant
positive response. However, another model suggests that the critical parameter which
determines whether a B ccll is toleriscd or activated via its sIg 1s not whether sIgM or
s1gD is engaged but rather the maturational stage of the B cell upon encounter with the
antigen (Norvell and Monroe 1996). Cells isolated from tonsils will mostly be mature,
with smatl numbers of immature or memory B cells (Butcher and Cushley 1991). Adding

anti-pL antibodies to tonsiliar B cells will stimulate both immature and mature B cells and
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it was found that low concentrations of anti-p antibodies up-regulate IL-2Ra expression

while this effect was not seen at high concentrations of the same antibody.

Previous studies in mice have shown that stimulation of germinal centre (GC) B cells
with large amounts of solublc antigen can mimic a situation where mature GC cells
become uuto-reactive and apoptose. B cells outside the follicle do not die but expand and
difTcrentiate into antibody secrcting cells (Pulendran et ¢f 1995 a, b). A similar argument
can be used when studying the effects of anti-p antibodies on IL-2Ro, expression in
resting tonsillar B cells. The majority of B cells in the tonstl will be GC B cells. Cross-
linking their slgM with large amounts of antibody could provide a signal which mimics
that of large amounts of auto-antigen on FDCs. Thus, GC B lymphocytes may be able to
discriminate between foreign and self antigen simply by determining the sizc of the signal
received by slg. This hypothesis is supported by the finding that short term slg triggering
may protect GC cells from apoptosis (Liu ef a/ 1989) whereas prolonged stunulation
leads to death (Shokat and Goodnow 1995; Pulendran er af 1995a; Galibert ez af 1996).
Therefore, it would be interesting to determine whether the cells subjected to high doses
of anti-p antibodies were apoptosing. In addition, further work needs to be done to
separate the immature and mature B cells to determine whether differences in the

expression ol IL-2Ra can be seen.

The rcason that high doses of anti-p antibodics fail to up-rogulate IL-2Ra cxpression has

been explained above, However, the failure of B cells o significantly up-regulate 11-2Ro
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in response to sIgD is less easy to explain physiologically. In the murine systein, anli-IgD
antibodies cause a substantial decrease in the number of spleen and lymph node B cells,
when T cell help is blocked with anti-CD4 antibodies (Finkelman ef al 1995). Yhe loss of
B cells occurs slowly over a period of 2-7 days. A likely interpretation of this is that sIgD
cross-linking in (he absence of addilional signals inactivates and cventually deletes most
auto-reactive B cells regardless of whether the auto-reactivity results from cxpression of
germline or somatically mutated Ig genes. Any slight increase in IL-2Ro expression that
could be seen as a result of ligating sigD can thus be explained by the presence of any T

cells which may be contaminating the B cell preparation.

When differentiating into memory B cells, GC B lymphocytes recover the ability to
proliferate in response to sIg triggering. Thus, the discovery that anti-y antibodies can up-
regulute expression of [IL-2Ra in a dose-dependent manner is unsurprising, since these
antibodies would be acting on the sIg of memory B cells and there would be no need for
these cells (o become tolerised on encountering large amounts of antigen. Memory B cells
have been positively selected and arc not generally involved in auto-immune reponses.
Further investigations into the responses of different subsets of B cells within tonsils
would be of much interest. It is possible to separate immature and mature B cells from
each other by panning with anti-IgD antibodies. In addition, naive and memory B cclls
can be purified according to the surface expression of IgD, IgG, IgA, CD38 and CD44

(Liu and Banchereau 1996). These experiments should give pure cultures of each B cell
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subset and help provide a clearer picture of how each population of B cells responds

when their slg is ligated.

6.3 CDS" B Cells.

‘The 67kDa CD35 molceulc is present on Bla lymphocytes. These CD5” cells produce low
avidity auto-reactive antibodies (Hayakawa ef al 1984; Casali ef al 1987; MacKenzie ef
al 1991). The function of CD5 on B cells remains unclear but it is thought that CD35" cells
form a separate subset of B cells. CD5" cells express more sIgM and less sigD than
conventional B cells. If we assume that there are two populations of B cells present
within a tonsillar population (CD5" and CD5 cells) then it would be interesting to
discover whether the cells responding to figation of sigM by up-regulating II.-2Ra are
CDS5" or not. Studies have shown that CD5' B cclls activated through their antigen
receptor fuil {o proliferate (Zupo et a/ 1991) and require [1.-2 to enhance their
proliferative response (Zupo et a/ 1991; Defrance ef al 1992). Experiments in this thesis
have shown that anti-|0 antibodies fail to up-regulatc IL-2R at high concentrations; in
addition anti-u antibodies require IL-2 to cause B cells to prolilerate. Therefore it would
be of interest to determine whether we have been studying the responses of CD5" cells.
This could be done by purifying CD5™ B cells from tonsil B cells by dual colour
fluorescence FACS sorting. However, two points suggest that the responscs studied have
been those of conventional (i.e. CD5") B cells. Firstly, any changes in IL-2Ra« expression

seen when the cells were stimulated via sIg were mimicked by alterations in CD23
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expression. B cells which express CD23 do not express CD3 (Wortis et af 1995) and
therefore the fact that CD23 and IT -2Ra are heing regulated in the same manner suggests
that we have been looking at CD5" cells. In addition, a recent paper has shown that both
CD5" and CD5" cells require both anti-p antibodies and IL-2 to become activated and
proliferate. Therefore, it seems likely that the population of B cells responding to anti-p

antibodies by altering their cxpression of IL-2Ro are CDS™ B cells.

6.4 Events at the IL-2Rx Promoter.

Knowledge of the sttucturc and rcgulatory propertics of the IL-2Ro promoter region has
increased greatly over the past few years. There are at least three positive regulatory
regions and two negative regulatory regions, all of which are capable of binding large
numbers of transcription factors which may (or may not) act cooperatively and which
may be influenced by various signals from the cell surface. The experiments within this
thesis have focused on NRE I and PRR, since these, together with PRR,, are believed to
be involved in the induction of 1L-2Ra expression and therefore of greatest intercst. The
most clear-cut finding to emerge was that ligating sIgM with low doses of antibody
causcd NRE-BP to be released from NRE I. NRE-BP is a protein which appears to be
involved in the silencing of gene transcription. At high concentrations of anti-p antibody,
NRE-BP remains bound to the promoter. These experiments were confirmed by reporter

gene assays which used delction constructs of the IL-2Ro promoter region. Thus, it is
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possible that NRE-BP could play a role in B cell tolerance, when sIgM is stimulated by

large amounts of antigen, preventing an auto-reactive response.

As cxpected, on culturing B cells with anti-& antibodics, NRE-BP remained bound to the
promoter. However, it was surprising that anti~y antibodies failed to aflect NRE-BP
activity. These antibodies may be acting potently upon proteins which are bound to
another site within the promoter. Previous studies have compared signaling through the
slgM and sfg( complexes and discovered several differences. It was found that the
combination of anti-) antibodics and a phorbol ester was mitogenic in tonsil B cells but
that anti-y antibodies and phorbol ester did not elicit a proliferative response (Roifman ef
al 1987). In addition, protein tyrosine phosphorylation patterns were studied in a variety
of B cell lines representing different stages of B cell maturation and there were distinct
differences between sIgM and sigG bearing cells (Law ef al 1992). Finally, it was
discovered that anti-) and anti-y antibodies modulate ¢-fos RNA levels differently in
human B lymphocytes (Shu et al 1994). Now we have determined that sigM and sIgG are
also acting differently in the regulation of IL-2Ra and have pinpointed a (ranscription
factor (NRE-BP) which appears to play a role in this variation. It may be that sigG acts
upon another factor binding to a different site which is able to induce IL-2Ro gene

expression cven though NRE-BP remains bound to the promoter.

However, there may be another explanation for the differences seen. Both sIgM and sIgG

arg associated with the transmembrane proteins, Ig-o and Ig-B/y (Reth 1992). In addition,
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it was discovered that sIgG can also be expressed at the cell surface in another form. 1t is
fixed in the membrane by a glycosyl phosphatidylinositol anchor instead of [g-o and Ig-
By (Williams et al 1993). Thus, the differences observed may simply be due to the
configuration in which sIgG exists in these cells. It would be interesting to discover
whether sIgE~+ and sIgA+ memory B cells behave in the same way as sIgG+ cells;
however such behaviour would be difficult to assess as they are only present in the tonsil

n liny numbers.

6.5 Sunumary

The experiments within this thesis have shown that, together with IL-4, anti-Ig antibodies
and anti~-CD40 antibodics arc capable of up-regulating cell surface [L-2Ro on human
tonsillar B cells. When different subsets of the B cell population are stimulated via their
respective slg receptors there are differences in the expression of IL-2Ra seen. Tn
particular, stimulating immature and mature B cells through sIgM up-regulates
expression when low concentralions of antibody are used. This response is abrogated
when high concentrations of antibody are used. It is possible that the use of high
concentrations of anti-p antibodies is mimicking the elfects seen when large amounis of
auto-antigen is present in the germinal cenire; the B cells become tolerised and witl not
provoke a damaging auto-immune response. By studying the binding of NRE-BP to NRE

1 within the IL-2Ra promoter region, we have discovered that this transcription factor is

I&s

3
4




under the control of signauls transduced via sIgM and therefore may be playing a crucial

role in B cell tolerance.

There 1s much work remaining to be done in the arca of LL-2Ro gene regulation.
Experiments within this [aboratory are currently being undertaken to determine the
identity of NRE-BP and the intermediate signalling events which affect the binding of
this factor to the promoter. However, control of IL-2Ru expression is undoubtedly
extremely complex and multiple elements are acting cooperatively to allow indunction of
TL-2Ra:; it may be several years before a clear picture of the regulation of IL-2Ro

expression in B cells emerges.
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