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ABSTRACT

The purpose of thi's work was to characterize and — -
determine the specificity, of a mouse muﬁoc]nnal antibody
(NFLD.MI) wr;ich was derived from a fusion between SPZ/D—AgH
and spleen cells from a Balb/c mouse that had been hyperimmu-

B nized with B-cells from a chronic lymphatlc leukemic patient: _.
Cloning was -done by linntmg dﬂutmn and posiHve clones\\
were selected \by screening -on a panel of viabl/e cells usfng
the cellular enzyme-linked immunosorbent assay ‘(CELISA). This TS
assay was shown to be more spémfic and sensitive than an
ELISA that used g]utaraldenyde -fixed cells.

Two sources of the annbody (purified IgGl from ascites

fhnd and supernatant from overgrown cnltures) appeared to be
Jdentical in their serologna’l pattern on several B-cell
lines. Specificity testing using the CELISA and several
.different cell types revealed that NFLD.ML recognized some B- ®
cells, but failed t;: react with- any of the T-cells tested. A
Frequency Distribu;:ion plln.t of’ the data showed that NFLD.M1 °
reacte’d uith the cells in a‘ bimodal fashion cbmpared to the 2

e n distribution observed with the mcnomurphlc monoclona\

Y, NEl anti-la. Furthermora vmen NFLD.M1 ant(body was




. i
. 30% as a cutoff boint";a correlation analysis was done on the
CELISA result‘s‘ for 42 cell .'Hl.les. The r value obtained for
DR4 and NFLD.M1- was 1 with a_p value of 2 % 10 10, 1n
addition significant r values were obtamed for DRu53 and
DQw3 uhich are in anage disequili‘bﬂum wﬂ:h DR4. \
.One-dimensional electrophoresis of the immunuprecips‘tat-

ed molecules from a DM cell pradnced a banding pattern that

was compatible with‘tnat of the alpha and bgta subunits of DR.

.
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CHAPTER 1 INTRODUCT ION . e

The work described in this thesis 'd.eals mainly with the
_ characterizatgpen of a monoctonal antibody (NFLD.Mi) w;lch
was produced in this laboracory, and the sele:ti'on and
appHcatjan of an appropr'ate assay to detect and character-
ize 1ts specificity PreHm1nary screening of supernatant
‘from the hybridoma cu?ture had indicated that t\he antibody
was recognizing a B-cell polymorphism. Specificity testing
'u's1n; antibody. from the cloned hybridoma sugg‘e‘sts that
NFLD;MI_ is directed to a dete’rminant on HLA-DR‘A‘mqlecules.
- In this chapter some of the relevant literature on new
developments in the HLA field, par icularly the role played
by monuclonal annbodies in lncreasing, our knowledge of this
complex system, will.be reviewed. Emphasis le be placed on
HLA-D region molecules, -particularly DR4 and the closely
associated molecules), ‘Dkwsa and DQw3. In addition methods
usga-to identify and study the specificity of monoclonal

antibodies to, HLA structures will be reviewed.

1.0 Overview of the Major lﬂstoco-pltiblH(’y’zoinlex

S

The HLA molecules form a complex sysv':em of cell

surface glycoproteins that are encoded by multiple gm\esI in

a.




2

the major histocompatibility complex (MHC) on the short arm

of chromosome 6 in.man (Figure 1). There “are three main sets

" of closely related genes which are co:dominantly expressed

and the products of these Eenes play important roles in the

immune response. i
The class I genes encode HLA-A, C and B Specificlnes_ol
which there ':are at 'le‘ast 23, B; and 47 -adllelic variants,
respectively. Each m\:ﬂe:ule \f"s composed of two chains. The
heavy!éhain, alpha (Mr = 43,0000) carrie\‘s the alloantigenic

,determinants in its most external'dum‘hi-n (alpha 3). It is

anchored in the membrane and non-chalenély associated with a
1ight- chain, betap microglobin (Mr = 12,000) which is not
membrane-bound but is required for expression of HLA-AC@

specificities. Betap microglobin 1s encoded on chromosome 15

»w)rereas the heavy chain is encoded in the MHC on chromosome

6. : -
In addition there are some poorly defined class 1

molecules that are structurally similar to HLA ACB and are

'homoTogous to the murine Qa/TL molecules. class 1 molecules

are expressed on all nucleated ceils and on pla'celet;. They
are mainly involved in antigen presentétinn to cytotoxic

T-cells, * .

=
The HLA-D region or class Il genes are cons'derably more

cnmplex than the class I genes. There are at least three-‘
sub- regions (DP, DQ and DR) each with multlple genes, many -of

which are known to cnge for functionn! proteins. The gene
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products have been more difficult to define serologically, .
than the class | molecules and much of our present knowledge
has come from subregion-specific monoclonal antibodies and

from biochemical cha:ﬁ;_erizatmn and DNE:technolngy'(review-

ed by Giles .and Caprgil98s5; Moller et al. 1985; .Bodmer et
al. 1984a; Korman et al. 1985; Trowsdale et al. 195\5). The
class II molecules are important in antigen u"f’esencat!on to
T-helper and inducer c/e!Is and aﬁa{nly expressed on
B-lymphocytes and other ant¥gén-presenting cells such as ~
dendritic macrophages. Although they are not present on
. resting T-:e:]ls. expression :an/xre‘kxgwuen.
mitegen, an& Y-interferon stimula;im}. . ’
The class III ggnes. code -for the complement components’,

C2, Factor B, C4A and C4B, all of which are polymorphic with
the C4 components having the most allelic var‘iants. The role
played by these components in the immune response with
sespect to B-cell requlation and disease-susceptibility is

an area of current fnvestigation.
1.1.1 Class II molecules . . .

The early Work on the 1dentif1ca!lc;n and characteriz=-
atifon of the HLA-D region specificities has been reviewed by
several authors including Bodmer (1977) and H1nche;ter and
Kunkel (19'7,9). The discovery by -Bain et ale (1964) that

allogenic cells from unrelated. individuals and from dizygotic

& 7 e




twins, bu; not from‘lonozygotic twins, stimulated each MK,

in a mxed leukocyte culture (MLC) suggested an association |

with transplantation antigens. The work of Bach and H{ rschorn

(1964) and Bach and Amos (1967) strongly suggested that these

celluiariy-defined anti\gené were controlled by a histocompat=-

1biTity locus. It was nos until- some years later that the
genes determ!ning‘ these responses were shown to be linked to
HLA (van Leeuwen et al. 1971; Yunis and. Amos 1973; van Rood
et al. 1976) a‘pd that there were serological equivalents of

the ¢ Iularly-}efined antigens (HLA-D). ; e <

A modification of the MLC technim us!rn‘g homozygous

typipg cells (HTC) from known HLA-D identical donors has

since been used to define 19 Vfriants (Grossg;HHdz et

al. 1984).. These variants (HLA-Dw) generally correlate with

the serologically-defined DR (D-related) specificities which

were officfally~recognized at the 1977 Internatfonal Histo- ,

ompatibilfity 'Hurl(‘shop. However, Dw variants do not always_

with the DR specificity, particularly in the case

of Dw4/and DR4.* Some of the discordance has recently been

““explained by the presence of different suhtypes within a

DR speclﬁcity. The contribution of ather D-region products
such as' DQ to MLC-defined Dw speclﬂcitf} s,tﬂl requires

- clarification and will be discussed 1in Chapter IV.

-

The DP (previously named S$B) subregion uhich'encodeé%;

\
least six allelic variants was first described by Shaw et

al. (1980) using secondary Stimulation of the MLC. Identifi-

- -




cation of DP specificities has not been feasible with conveén-

t|onaf| antisera since such antisera are rare. Monoclonall

antibodies specific for DP molecules have recently been

reported (Nadler et al. 1981; Watson et al. 1983; Hurley et

al. 1984) . -~ ) R

In addinar; “to DR, there are otner séro]ngha\ly-deflned
specificities 1nclud1ng 0Q previously called MB, DC and DS
(Duquesnoy et al. 1979; Tnsi et a]. 1!73' Goyert et al‘. 1982)

Ind the supertypﬂ' DR specificities DR52 and DRuSB.var.ev-

fously called MT and [BR ( Park et al. 1980; Tanigaki ‘et
al. 1983). The DQ specificities show nllelila asso:iat‘nn wfth»

the DR specificities (Table 1) which has made identification™

difficult since the alloantisera ysed for this purpose often

contain a mixture of tantibodies . Despite this drawback of

alloantibodies fourteen amd three_ serological variants wehe o

described, for DR and DQ respectively during the n'ﬁ;:h
International Histocompat‘lbﬂity Workshop (\Bodmer et al.
1984a) (7 ¥ &

1.1.1A. Structure at the protefn level

The structure af the ;hss 11 molecules (Figure 2) ms.

he,en revealed by one and two Mmensinna] electrophoresis ol
immunoprecipitated molecules as well as by amino acid
sequencing and more recently by nucleotide seque.nc1ng
(reviewed 1n Shackelford et al. 1982; Giles and Capra'1985).

,
DR, DQ, and DP each consists of heterodimers that are

'
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GENE ARRANGEMENT AND STRUCTURE OF CLASS Il MOLECULES L

DR ALPHA GENE DR BETA GENE
GCHAIN 120 170 52g BCHAIN s tseam

8 CHAIN

cwo

CYTOPLASN

Figure 2. A schematic representation of the arrangement of
exons that encode the domains found in the polypeptide
structure of the alpha and beta chains of class II molecules
(DR shown here). UT, untranslated; SS, signal sequence; TM,
transmembrane; CYT, cytoplasmic.ol, «2 and Bl, 32, external
domains of the alpha and beta chains respectively. (adapted

from Stites et al. 1984)
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farmeq by two non-covalently Hrl_(:d glycosylated chains that
\raverse the plasma membrane (Strominggr et al. 1975; Walsh
and Crumpton 1977;_ Springer et al. 1977; Owen et al. 1981;
Kvist et al. 1982). Each subunit has a light chain, ‘beta (p)
and a heavy chain, alpha (), with Mr ranging from 27,000-
29,000 and 3:600-34,000 respectively (Figure 2). In addition
there ‘is an invariant chain, called gamma, Mr = 31,000 (Jones
et al. 1979). Although its_function has ‘not been ‘elucidated.
it appears to be important .1n transferring the ‘alpha-beta
dimer from the,endéplasmic reticulum and inserting it into
the 'i;lasma me}nhranp (Kvist et !al. 1*38‘2), Duri'ng transport
some of the gamma chains become inserted in a reversed
orientation with the carboxyl terminus on the plasma membrane

side and the amino terminus on.the cytoplasmic side (Clae-

" sson-Welsh et al. 1984)-.

\
Like ‘most transmembrane glycoproteins the carboxyl

termini of the alpha and beta chains are located on the

2 cytoplasmic side of the membrane with the hydroptobic

segments traversing it and the amino termini on the external
side of the\ membrane (Kaufman and Strominger 1979; Korman et
al. 1982). The DR alpha chain is composed of 229 amino acids

(15 internally, 23 gransmémbrane, and 191 externally),

whereas the beta chain. has 237 residues (16 internally, 22

t;ansmenhrane. and 1'99 externally) (Kratzin et al. 1981; Yang
et al. 1982; Kaufman and Strtfm‘lnger 1983). Both have domain-

like structur‘gs with the beta chain having two immuno-
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globulin-like intrachain disulpt;ide bonds whereas the alpha
cﬁain has only one immunoglobulin-like domain (Kaufman and’
St;‘ominger 1982).

MoTecular studies using sequences derived from cloned

cDNA and from - genomic DNA have shown that each of the domains

* seen in the protem structure is encoded by a sepa'rne gene

segment (Figure 2). Most- of the polymorphism resides on the
the most external domain ( 1) of the DR beta chains while the
alpha chain is invariant (charrnn and McDev-ln 1979; Shackel-
ford et al..1982). However nQ alpha chains as well “as DQ beta
chains have been shown. to be polymorphic (de Kretser et al.
1983; Corte et al. 1981; Hurley et al.1984).

The DR beta chains have one asparégine-lin;ed oligo~
saccharide at position:.19 while the alpha chain has two
asparagine-linked amino agids at positions 78 and 116
(Strominger 1980; Shacke]forb and Strominger 1982). Biochem-
ical studies using tunicamyiin to inhibit the formation of
asparagine-1inked lsugars or enfmglycosidases to remove sugars
have shown that the polymorphism is restricted to the

polypeptides with the carbohydrates contributing very ,litne

. to the heterogeneity (Shackelford et al. 1983). Recent

reports by Nepom.et al. (1983) however suggest ghut the Ow
variants Dw4 and Dwl4 differ only in the post-translational

modification of the molecules due to oligosaccharide differ-

ences, but this has not been confirmed.




‘map (adapted and modified from Bodmer et al. 1984a) is based

" molecules.
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1.1.1B. Polymorphism at the DNA level
There are at least three subregions in the HLA-D
region with a minimum of six alpha genes and eight beta genes
identified so far. Most of the genes for each subregion were
napped‘ using a combination of cDNA and genomic cloning
(revi‘ened by Korman et al. lSBS;’Trowsdale et al. 1985). The
order of the Suhreglons (Figure 3) is mos;ly established
although the whole regiur_| has not yet been mapped with
overlapping cosmids (revfewed by Trowsdale et al. 1985). The

on studies involving molecular data as. well as on recombin-
ations within familfes (Shaw et al. 19&0). and HLA-deletion
mutants (Kavathas et al. 1981).

In each of the DP ar!d DQ subregions there ar‘e two pai’rs

of beta and alpha genes bit wonly one pair for each subregion

-i1s definitely knowm.to be expressed. It is thought that one

pair of the DP genes (Bz @®2) is not expressed since both the

genes contain frameshift mutations. Recently it hai been

_shown that both g?{e ﬂl gene and the @1 gene are polymorphic.

lncrelased recombination between DP and DQ, .possibly due
to a h;n spot telomeric to DP, is said to explain the lack of
I1nkag_e disequilibrium between DP and the other class II

One pair of the DQ genes is Mg;lly polymorphic whereas
there is |In-||ced. ‘polymorphism of the other pair which is




HLA-D REGION

Figure 3. Schematic map of the HLA-D region genes, adapted
from Bodmer (1984). The placement of the DO beta gene between
DP and DQ is based on the work of Tonnelle et al. (1985) but
it may l1ie between DQ-DR and the complement genes. *putative

recombination hot spots.
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sometimes called DX (Trowsdale et al. 1985). Recent work at
the protefin level suggests thatv some homozygous cells do
express two different DQ molecules (Giles and Capra 1985).
Both DQ & and 8 are“highly polymorphic and show strong
- 1inkage disequilibrium with each other and with the DR beta

genes. This was the ratfonale that Bodmer et al. (1984a) used

e for plac!ng'them together and to the right of two.putative,
: 5

recombigation hot spots: The otfier two DQ genes (DXa and
“DX @) are less pulymnrizh1c than the other set of DQ gve‘nes.'
Al'thougn they. are in linkage disequ1|1§r1um with each other,

. they are \nnt in 1inkage vdisequtﬂbrdum with eitber the DQ
genes or the DR heta'genes. Again this 'explains wr\'y they we:\e
placed next ‘to each other and between the two hot spots.

The DR supregion has been placed telomeric to DQ by
analogy with the 1-A and I-E;subregiuns of the mouse. In
additian there is some evidence ‘of a rare crossover that puts
DQ cént, um’eric to D\R ‘(repc;rted in Giles‘and Capra 1985). The
DR subregfon consists of only oné .alpha gene but the number
of beta 'genes may be ‘as high as four depending on the
haplotype. One of the be.t..a .geneS'appw‘s to be a pseudo-
-gene (Trowsdale et al.”1985; Moller et al. 1985). Unlike the
alpha genes of ‘the DQ subregion, the DR alpha s not polymor-

. phﬂ but the énnct1onal beta genes are highty polymorphic

with the exception of the DR second beta gene which encodes

the DR supertypic spec1f1c1ties, DRw52 and DRw53.
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In addition there may be other subregions. An alpha gene
orig%nall,y called DT, then renamed DO (Inoko et al. 1985),
appears to be the same as or allelic to the DZ alpha gene
(Trowsdale et al. 1985) and has bef" mapped to ‘the D-region.
Recently, a cDNA clone containing a beta gene, called DO was
isolated from the mRNA qf a hemizygous cell line (Tonnelle et
al. 1985). Using mapping techniques, they'have shown that it
is most  likely situated either between.the DP genes and thé
DOTDE genes or between the 'Dd-DR genes and the complement
genes.  ° " )
’ Charron et a].l (19851 and Gi‘lgs and Capra (1985) have
reported that an additional suurc’e of polymorphism is
possible with the‘ expression of hybrid DQ molecules- on the

cell surface. Apparently the alpha chain produced from the DQ

Vgené of one chromosome can transassociate with the beta chain

produced from the DQ beta gene 'of the other chromosome to

produce a new DQ molecule.

ltl?lc Serological deﬂniti;n

Molecules .encoded by the HLA-D subregion rm_l'en
difficult to define serologically and biochemically usi‘n‘g
standard E_yping rea‘éents such as alloantisera and heteroar‘:ti-

sera. This is mainly due to the many polyclonal reactivities

thit are present in an‘t‘i gra. Even so-called hwnosper.".{c‘
A s

antisera often react wiﬂth two or more closely related
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determinants that are bresent on different molecules. Ln
addition, most of the alluant’lsera have Tlow affinity con-
stants, are fto\q'titer and are in limited supply.

" During the 1984 Histocompatibility Workshop a total of

10 DR specificities (1-wl0) were confirmed by serological

typi»g mainly using alloantisera. There was nv; evidence that
DR1, 3, 7, w9 and wl0 molecules carried more than one allelic

varfant? Splits of DR5 {wll and wl2) and DRw6 (w13 and wl4)
were recognized on the basis ?f reactions’ with ’antjsera
and *monoclonal antibodies (Betuel et al. 1984; Schreuder et’
. al. 1984). Mu;ough not given‘worksho’p status, DR2 appears to
N ﬂ‘vev@leeast two serological variants (Singal et al. 1985;

Hérvart et al. 1983), while DR4 appears to have three
serological variants (Williamson et al. 1984). DRw8 is quite
complicated and will likely be‘ split when specific antisera
or monqclgna] antibodies be_come available. )

The DR4 specificity has proved especfally difficult to
_character‘lze with standard typing reagents and it was found
to correlate poorly .with ~the cellularly-defined Dw4 specifi- )
city . (Reinsmoen and Bach 1982). There are several -possible
explanations for this including the prj—Tzs/e.nce of antibodies to *
the products of closely related génes, such as those encoding
the DRw53 and DQw3 specificities in al1oant1s’era which R

can confuse the results. As previously mentioned DR4 has

.

tentatively been subdivided into three-.serotypes on the basis ™- .

=
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of reactions with three cll_‘sters of alloantisera analyzéd in
the last wurkshop-. In addition several investigators using
MLC. and 1mmunochem1cal)anal_yses have shown that DR4 is a
supertypic specificity which includes several subtypes.
Thaf subtypes defined by NLC (Reinsmoen and Bach 1982;
Thompse’n et al. 1983) correlate well with the-structural
variations seen in-the DR beta chains that were immunoprecip- .
{ ftated with monoc'lonal)antibodies and”analyzed by 2-D .gels
(Groner et al. 1983; Nepom et al. 1983).
Recent ‘immunochemical analysis of DQ molecules derived
from homozygous cell, 1inés showed that these are at least as
complex as DR molecules (Giles and Capra’l985). There appear
to be three variants of alpha chains and five.variants of =
beta chains so that each DR type is associated with a
distinct DQ type. For example, although both DR4 and DR5 are w,

associated with DQw3, the. DQ in each type is a different

) allelic variant: Therefore, it seeps, likely ‘that the serolog- ’
7 ically-defined DQ spec|fic1t1és have several Ssubtypes. Furth- . * L
-~ ermore the presence of short antibodies in all?annsera to DQ '
allelic variants would be alvr‘:i}_s,t_ :lm;iosﬂble to divsﬁnguish
from the closely asso:|\ated DR specificities. Stastny et al.

. (19’84) have-shown that some olv the alh.:arﬂlboﬁes to DR spec-

ifjc{ties‘kalso contain antibodies to specific DQ vaﬁ\ncs.




1.2 Monoclomal Antibodies to Class II Antigens
. »
-

From my ol'l! experience and judging from the abundance

of reports in the literature, the production of myrine mono-

clonal antibodies which recognize monomorphic cell Eia??ace

determinants is relatively easy. Houevg‘r"ﬂ is more djffi-
cult to make monoclonal antibodies capable of ‘distinguishing
the specific promf one genﬂ or allele from that of a'
closely related "gene or allele..Many of the monoclonal .
antibodies th'n‘t” have been described are-subregién. specific
such as NEI-anti- Ia which recognizes monomérph!c determinants
on DR molecules .(Ninsen et al. 1’980)-. Others in addition to
recognizing all the products of one subregion may- also
recognize an allelic product of an9t.n.er subregion. For
example CA-206, whigh recognizesv a monomorphic DR determ-
inant, has been shown recently to recognize a determinant on
DQ molecules of DR7 cel‘ls (Charron et al. 1984). .

As has been pointed out by Giles and Capra (1985),
many - of the original monoclonal antibodies were poorly
described because the complexity of the D-ré&gion was not
fully appreciated and many Vof the cells used to cnaragterizew
the specificities were not élways homozygous. Nevertheless
they were, and continue to be invaluable for immunochemical
lnllyils. p :v

Monoclonal antibodies were tested properly for the Hr_st




time in the 1984 International Histocompatibility Workshop.
Qf 110 HLA-D ‘region monoclonal antibodies that were submitt-
ed, 92 were accepted for 1ur?ﬁr\t_e‘sting (Bodmer et al.
1984b). In the final analyses, 54 of these were grouped into
twenty tiisters depending on the product recognized. There
were two clusters for DQwl, one each for DQw3, TAl0 (subset
of DQw3), DRw52, DR4, and the rest of the clusters fncluded
more ihan one known or unknown specificity. .

The third 1isting of the monoclonal antibody registry
(Cnfajmbanj et al.1984) included all those submitted to the

workshop as well as previous entries (Cgﬂum‘bani et al. 1982;‘,'

\

Colombani et al. 1983) and new entries up tu’June, 1984, Of -

the cldss II monoclonal antibodies, -35 (44.9%) were "defined
polymorphic" while 10 (12.8%) were "undefined 9olym-orph1‘ Mg
12 (15.4%) were “"defined mDnomnrphic' and 21 (26.9%) wgre

“undefined monomorphic". Only a minority of the polymorppic =

antibodies recognized the classital antigegs defined by
alloantisera and these were: one eac‘N for DR1-11ke, DR2-acti-
vated cells, DR3 + monomorphic DG, DR4, DRS, .ORT, DRT+wl5,.
DRw8+wl15, prGwB. DR1+4+10, DR1+4-1ike, DR2+4+6, DR7+3+5+6;
tho eFeh for DRAS1+9 and DRW53; three for DRwS2. The remain-

ing monoclonal antibodies recngnéz’ed polymorphisms defined "

as either DQwl, DQw3, or related specificities. ’
When one consigers that,19 HLA-D region variants were
'

serologically recngnize‘g in the Ninth International Workshop

>~




(Albert and Mayr 1985), and that numerous 1abarat’or'§es have

been engaged in the production of monoclonal antibodies to

.. HLA antigens for almost a decade, it is surprising that there

is still a paucity of HLA-D regfon monoclonal antibodies for
routine HLA-D typing reagents. However, it must be pointed

out that in addition to those discussed above, there are

other reported momdoclonal antihodies to “po'lymbrphic determ-_

1nants, but either they are: not cytotoﬂc (an annbnd‘les,-

‘were tested by complement dependent cytux!city in the last

workshop) or have been described since the workshop.

Mthough it. 1s disappointiég that nmst nf ehe monoclonal
ant!bod!es have not pruved usefu] for sero1og$caf analysis.
they have been 1nva|uable. part‘lcular\y in' imminochemical
analyses. in 1nr.reasing our underst‘anding of class I1I
’molecules. Because monoclonal antibodi%s are ultraspeciﬁc
l-eagam:sl they are often capable of discriminatmg between
two closely related determ'nants. For examp]e in the: Iast
iuurkshop, DRwW13 (a DRw6 split) could be dist1nquished frnm
DRNIZ (a DRS sth) on the hasis—uf the1r reactions w

mn_ﬁaﬁclonal ant1bod1es (Schreuder et al. 1984): Cr

1. (1985) has descr1bed an 1nterest1ng bruAdly react1ng

subtypes) and betueen Dklo ‘and Dw4 (DR4 subwpﬁs)- Hence even

2 mnnoclnnalx untibudy with a hroad specif!c‘ﬂy can-he a"
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- useful typing reagent. 3 |
™
1.3 Preparation of Monoclonal Antibodies to HLA-D Region
i Molecules
» - 1

y -
With the advent of monuclgnal antibody technojogy -
(Kohler and Milstein 1975), several investigators have .

attempted to produce monocTonal a»»tl{iadle.s, which recognize

specific de:‘\rm{uants on HLA ‘molecules. Since there are’

%everal good review articles (Goding 1- 80) and textbooks.
(Kennett et al. 1981; Goding 1983) which deécribe in det‘gﬂ
~the preparation .nf monoclonal antibodies, only 'a b|51e,f over-

view of the techniq,ue as it perta1ns to this work wﬂl be re-

- 5= viewed here. Emphasis will be p!acéd on assays used to screen
for and characterize none:lonal antibodies to HLA antigens.
h \l i
. v 1.3.1 Technique e
\ & @ AT
1.3.1A Immunization . . DM Sa RS

While some 1nvest1ghtors (Brodsky et al. 1979) have used’ Bt

seml nuriHed HLA n\ole\cules prap\ared ‘from cell lysates,
others have s1mpTy use whole -cell ‘to immunAfn mice, usually”
" Balb/c (Trucco et al. 1979). The dose and the number of

immunizations are variable but generally:two immu’nluﬂons' =
w WL 5 g o
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several weeks aéart are given 1ntriper1tone-lly and a final
1nun‘lunon given intravenously three days prior to‘ fusion.
In most cases the apnimal will respond well to cellular
anulgens._butA the response is preﬁe-inately species-specific.
Since finding a sper.i‘f-ic.ﬂ-cell making antibody to a particu-
lar HLA antigen .ulong the numerpus other immune B-cells in
the sple% is techgically d1ff\[;ult most investigators

._yerforn'b sonatic-‘ce.ll fusions’;;nn!)ut'preﬂov sele:t‘lon.{

1.1.55. 'Fusioﬁ‘procedure' 3 . J

There are several 8-azaguanine resistant myeloma Hne‘s
‘tnn al"e deficient 1n.tl|e enzyme, hypoxanthine=guanine-phos-

phoﬂbnsyltrans'en'se (HGPRTase) which make suita’hle/'uswn

. partners. I;'ls preferable to use one of the non-secretors

such as SP2/0-Aglé4 (Shulman et al. 1978)."

Fusion u;nn{"ques vary from an’e’laboratnry to 'ano‘her
with respect to the t?o-?osit1on and concentration of-the
_gnlylthyl‘ﬂ‘i g‘ly:nl. th‘e ‘ratio of spleen cells to myeloma
cells, the duration of the hybridization, the culture medium,
supplements, and the use of a feed‘er layer. Hybrids are
.selected in HAT med‘lw.‘uhich contains thymidine and hypoxgn-

.- thine as the exogenous, sources \of DNA nucleotide precursors
for the salvage pathway (Littlefield 1964). They are required
because* the .de novo bathnay 1s blocked by the aminopterin, a

1vl‘c acid analog, which stops thg HGPRT ase deficlent myeloma

- ) i




" 1:3.2 Screening for IILA-spec'f‘!clt‘les

i
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cells from growing. Only fused cells which express the
HGPRTase enzyme from the spleen cell partner will prolif-
erate. The unfused spleen cells are incapable of continuous
growth in vitro and -die naturally. A fusion and sub‘sequent

¢tloning of ‘positive hybrids can result in hundreds of
“

-microcultures that require an efficient screening method.
/ > o

I

e

1.3.2A Complement.dependent cytoxicity
S

For approximately twenty years HLA s Clnﬁists have used
the‘comp]ement‘-dependent cytoxicity (e0C) =
McClelland 1964) to define the HLA antigenic sysr.e;n and to
characterize alloantisera which are used to HLA type and
crossna‘tcﬁ patients and their prospective organ donors. Reac-
tions of many of the monoclonal antibodies are not det‘;ctahle

by CDC. Either thefr Fc regions do not bind the ::n-plenen_l

component, Clq, efficiently as is the case  for IgGl anti-.

'bod!\gs or they bind :pitope§ too far apart to be :‘ross-linked‘
.

by Clq (Trucco et al. 1980). This crosslinking is r;equlred
for_ the initfation of the classical complement cascade. Such
technical p{ohlem\ar'e rarely encountered when antisera with
”‘L many polyclo a‘l specificities are used. In.order not to

monoclonal antibodies against rare specificities, it 1§

important therefore .to usesan a')*ternative method that f{s.
.

ay (Terasaki and .
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sensitive, specific, and' reproducible. It should, also be
simple ;ndifast because successful fusion and cloning can
yield hundreds of cultures that require immediate screening
since new hybrids are unstable (Goding 1980) .

'
1.342B Cell binding assays 4‘; 5 ~
Many .of the standard immunological assays incluqing
‘indirect immunofluroscence and immunoperoxidase staining are
tedious to perform on large numbers 'uf mples and have the
disadvantage of reader bias. Solid ‘{:se -assay's sgch as
radioimmune assays (RIA) and enzyme-linked immunosorbent

assays (ELISA) are usually preferred. Most of the original

RIA were performed on cells in suspeision and specifice l

munncldu’l antibody that bound to the cells was detected with.
12510dine=1abelled r;bhit or gna’i-anti-mou.se immunoglobulins.
Certain drawbacks including the inherent -dangenq_of using
1251. its rglat\ively shar}t half-1ife, andlthg numerous
centrifugaéioﬁ steps. required, Yed several investigators to
develop t;w ELISA as an alternative method.

Although the RIA as described by Tsu et al. (1980) was
originally used to detect NFLD.M1, it was decided to evaluate
an ELISA that used cells stuck‘ to poly-b-lysine treated wells

. of a.microtitre plate followed by fixatfn with glutaralde-
hyde (.Stocker and. Heusser 1979; Kennett 1981). Despite the_

3 obvious advantages of hawing cells gdheréd to plastic, this

) e




- . 24
method had to be abandoned because the glufaraldehyde
selectively destroyed some.NLA—DR‘ ep‘itup.es and 1ncrease‘d
n9n-spec1f1: binding. The method that\ was found to be the
most reliable was the cellular enzyme-linked immunosorbent
assay (CELISA) performed essengia!iy as described by Morris
et al. (1982). In principle it is sim1]|r'§n the ELISA blfl
viable untreated cells are used instead of gluta‘rnld’e‘hy’de-
fixed cells. This method was used for all the screening an_q' )
spec:)‘lc‘lt_y testing and is described 1n‘ detail in Chapter II.

.47 Objectives .

-One of the monoclonal antibodies (NFLD.M1) produced fn
this laborat’ory appeared to react “with a polymorphic determiy-
na&on hf‘]vnan B-lymphocytes. The main objectives of this
project were: « 3
1’) to determine the specificity of NFLD.M1 using a cellular
enzyme-linked immunoassay (CELISA) . . ‘
2) to study the expression of the M1l epitope on different
cel-ls._ ) > ’ '

3) to do preliminary m{l'eculgr analysis of the molecules

L
1mmuj|opreclpitated by M1




CHAPTER 11 MATERIALS AND NETHODS

2.1 Production of NFLD.M1 Monoclonal Antibody

2.1.1 Immunization protocol
. W e

1-x107 B-lymphocytes fr“om ‘a chronic lymphocy‘tic leukemic
|‘;at1ent with the HLA phenotype: AZ,AIT; B15,Bw35; Cw3>, Cwé;
DR4, yere inje'cted intraperitoneally (IP) into va female
neonatal mouse, less than 24 hours old. This was followed by
further injections at 1 week, 2 weeks and 6 weeks. A final
immunization was given at age 37 months and the l,ﬂi;ioni«as
done 3 days 1ate‘r.’ . Py ' ’

- P

2.1.2 Fusion procedure

2.1.2A Reagents . g ) 2

1. Hybridoma medium (HM) .
500 ml RPHI 1640 NFlow Lab‘oratovries General, M:Lea«;
Virginia 22102 Us) '
100 ml heat-inactivated fetal bovinJ,'s'er(um (FBS), (Flow
Laboratories) .

lp ml 200mM L-glu’tamine (Flow Laboratories)
5 uj‘l 5 x 10-3M 2-mercaptoethanol (2-ME), (Sigma Ciluem'ical




. go. St Louis, Missouri 63128 USA).

i1. 100 x HAT solution

136 mg hypoxanthine (Sigma), i.76 mg aminopterin (Sigma)
and 388 mg thymidine (ngma) were dhhlved in 80 ml
dH20 with- a few drops of 5M NaOH added to facilitate
dissolving. It was then made up to 100'm1, sterilized
through 0.22 um filter (Flow Laboratories) and storjed at
.-ZD°C in -5 ml aliquots. )

" 1412100 x HT solution

This was prepared in the same way as 100 x HAT, but

the.aminaptgr‘ln was omitted. s 1 %
) - . -~

. HAT medium and HT medium '

<

One ml of efther 100 x HAT or 109 x HT was added to‘lOD
ml HM to give a final concentration of 1 x 104 M
hypoxanthine, 4 x 10-7 M aminopterin,=and 1.6 x 1055 M
!'h,;lﬂdine. , R ’
. . N
v. Polyeth lene lycol (PEG), 50%

s Two gm. PEG mw.4000 (J.T.Baker Co., PhIJHpshnrg. N.J. ). b

TWas meltehhy autoclaving. Two ml prewarmea\\’um
free RPMI-1640 ('SF-RPMI) was added to tb,e,P(G when 1t
had cooled to approximately 50°C.
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2.1.28 -Fusiun p‘artner )

The mouse r;lyeloma line, SP2/0-Agl4 (Shulman et al. 1978)
was a gift from Dr. Robert Weaver, Vancouver. It ‘does not
secrete immunoglobulin chains and’is deficient in the enzyme,
hypoxanthine guanine phnsphoribosy'ltransferase (HGPRT ase) and
is therefore resistant to 8-azaguanine.

The cells were grown in RPMI-1640" containing 10% FBS,

2mM L-glutamine, and 1 mM sodium pyr'uvate (Flow Labora-

tories), and maintained in midiog phase (3 x 165) uith‘ a .
‘v.‘hbility:greater'than 90%. ’R_evertants -were discouraged by

‘growving in medium containing 8-\azaguakni'ne, 30 ug/ml, (Sigma)

every 10' passages. ) o &

SPZ2/0 cells were counted using ‘a hemacytometer and the
viability was determined u51ng phase contrast microscopy. or
alternatively by Trypan blue exclusion &5 .follows:

0.1 m1 well-mixed cells + 0.9 ml 0.3% Trypan blue (3 ml

1. 01 stock solution and 7.0 ml phosphate buffered

saline-PBS) were mixed. A hemacytometer was filled and ™’

the number of live (unstained) and dead (;tained blue)
cells, in the complete area,. (0.9 mm2) were /’cuunted. Via-
) h'le~cevlls per -ml were calculated by multiplying live
cells counted x dilution x 10000/9.
-

2.1.2C Spleen cells -
/The immunized mouse was anesthetized with ether and
killed by cervical dis'location.v The spleen was removéd using
.

[
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aseptic technique and placed in a petri dish which contained
5-10 ml SF-RPMI . The cells were teased from the organ using a
pair of sterile hypodermic n‘eed!es bent at 900 and mounted on
syringe barrels, and resuspended in SF-RPMI. The clu’mps were
allowed to ‘t\e and the cell-rich superna’cant was collected”
in a 15 m1 conicy] tube (Falcon, Oxnard, Cal. USA). The cells

were washed twice'dn SF-RPMI and counted fn_ a hel;l-acytometér. g

2.1.20 Fusion o
The fusion wis done essentially. as described by 0_|,and
Herz‘enber; (1980). The appropriate number of myeloma ceils (1
myeloma:10 spleen cells) were centrifuged in a 50 ml conical
tube (Falcon) .at .5009/10 min and .washed tw‘ice in SF-RPMI.
They were then combined with the spleen cells, washed twice
with SFRPMI, decanted and all the supanatan: was removed by
fnverting the tube on sterile gauze and allowing it to drain.
One ml prewarmed PEG was slowly stirred inte the pellet
over 2 min, followed by the add‘lltjon-of 2-mT of prewarmed
SF-RPMI stirred in over 2-4 minutes. An addlt}o’na‘ 8 ml
medium was then ad:ied over 5-8 min. The cell mixture, which
was quite clumpy, was centrifuged at 500g/10 min and the
supernatant was discarr]g_d without disturbing the button. Ten
ml- medium was vigorously added and the cells werﬁentrﬁuged
again. E )
The ‘cells were r‘ésysp-ended very gently in HM at a .

concentration of 10 x 105/m1 and dispensed fn 0.lml aliquot}




to 96-well microtitre tpays (master plates). At the same time

sne density in each ,of two rows.

-control cells (SP2/0 and spleen cells) wrre @d at the

2.1.3 Selection and maintenance of hybrids

. ”

2.1.38) Seléction

added. Feeding was done by removal of raughly one half the
medium and addition of fresh HAT medium on days 3, 5, 8,
11, and 14. Hybrids were visible nicrosco;ically on day 7 and
macroscopically on day 14, so the medium was chnn‘ged to HT.

When cell growth‘ was ipprox‘ina’tely 50% cnnf;uent (day 14 to
day 21), the supernﬁ;nts were screened against the immunizs

ing cell.

2.1.3B Transfer and‘cloning,

As soon as a positive hybrid was 1deht|fied by a
suitable screenlng assay (Section 2.2), it was transferred
to a 24 well plate (Linbro, Flow Laboratories) which con-
tMned cloning medium (CN), (HT med1um plus 2 x 10 7 RBC/ml

and 5 X m 5 ,spleen c!lls/m'l from an unimmunized Balb/c

__mouse). Mter 1 wk the hybrids in the transfer platelwere
) cloned by.1imiting dilution (CLD) essentfally as described by

01 and Herzenberg (1980).

v

s i . -
The plates were incubated at 37°C in an ‘Ihn'cubator\\ 5
'contaln‘lng 10% Cﬂz and left for 24 n’urs before 2 x' HAT was
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The cells we‘re counted as described above, diluted to 50 ~\,"
cells/ml in 4.6 ml CM, and plated at 0.1 ml/well (Slczns) in
the first three ;-ovs of a microtitre tray. Five ml CM was
added to the 1.0 ml t;\at remained, mixed and plated at 0.1
mi/well (1 cell) in the next three rows. Then 1.2 ml CM was
added to the remaining 1.2 m] nd .plat‘ed_at 0.1/ml (0.5 cell)
in the .last two rows. .

The ce!ls were fedjon day 5 and every third day until
50% confluency wa‘s achigéed‘.‘ Thg supernatants were tested fnr‘
specific antibody using immunizing cells and an ap'p.rt.mriate'-
panel of :élls. Positive clones were se’le:teﬂ from rows in’ ,
‘which the peTcentage of wells.with groutr;. according to the
Poisson distribution,jndicated sthat /t-h'cel.l's were derived
from a clone (Goding 1980). These were expanded for freezing

and further testing.

2.1.3C Expansion -
The cells in the selected well were gently mixed with a
Pasteur pipette and transferred to a well in a 24-well nla!e‘
that contained 1 ml CM: Feeding was.done every three d‘ys

until confluent growth was achieved (approximately 10 to 14 =
days). The cells were then transferred to a 50 ml flask
(Falcon) containing .5 ml HM and fed 1:2 twice weekly until
.ﬂlere was 50 ml at a density of 5 x il) 5/m n|th(‘| vinﬁlli!y
“greater than 90%. Most of the cells -were frozen at this stage

and the supernatants were retestej\to ‘ensure that the cells

Z:’. .‘ . GL\' - 1’._ = =%,
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were ‘still 'secreting antibody. In addition some cells were
expanded and uvergrown to ac/veve maximum antlbody pro-
duction.

N . i

"2.1.30 Frgeilng : g ~

The cel’ls were cou‘nted—and for every tube to be frozen
(Nunc tube, G1hca Lahora?ones. Grand Island, NV. USA), 2 x

106 cells were

_&'oved. The cells were centrifuged at 500
9/10 min. The? supernatant was saved for anhhod_y testmg and
the cells placed on if.e. The ce!lsfwere resuspended at 2 x
106/m1 in cold freezing solution which is 10% dimethylsul-
phoxide (DHJSU). (J.T.Baker Che‘ﬁu‘.' Co.) and  90% FC.'S, and

dispensed in 1 ml aliquots per prechilled Nunc tibe. The

cel'ls were frozen in a programmed cell fréezer (Cryo- Med

Hnde! 700, Mt. Cldmens, Hichigan, USA) at the rate of 19/min
and then placed in liquid Nitrogen (LN2).
r
2.1.3E /Thlv‘lng

Cells were thawed quickly by agitating at 370C until
only a crystal of "ice remained, pipetted into a tube contain-

ing 10 ml HM and w‘ashed twice to remove DMSO. Cell counts

“were done and if the viah‘llitg was good .(greater than 60%)s

they were resuspended at 2 x 10 ‘5/m1 HM in a 50 ml flask. If
it was .lesy than -60%, the cells were pla‘ted in a 24 well

plate with a feeder layer._~ as described for cloning.
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2.1.4 Purification of NFLD.KI
2.1.4A Ascites fluid L&

Y For each c\;ne two Balb/c mice. were prepared by iaject-
ing 0.5 ml pristane (A(\d"ﬂah Chemical Co., Milwaukee,
His‘cnnsin 53201 USA) IP twice, 10 days apart. Three days
after :he)'as': pristane injection 2 x {06 hybridoma cells
were given IP. When the ascites ,fluid de/vg_lgped (10-14 days
later), the fluid was harvested as follows.-T-he abdominal
skin was sterilized with 70% a]cuhﬁl and a butterfly ne‘e‘dlhe,

~ ' A
gauge 21, was inserted and adjusted until ‘fluid flowed down

the tube. This was collected asepncaljy.“and the QMOCK"“

antibddy-rich fluid was separated by centrifugation (5003/10

min.) and storpd at -200C.

i.4 Ammonium sulphate precipation

The ascites fluid was dil:ted 1/2 with 0.15M NaCl and
enough saturated ammonium sulphdte (SAS), (J.T.“Bake(
Chem. Co.) was added to give 45% SAS. This mixture was
stirred at RT/30 min and centrifuged at 10009/15 min/4°C and

the precipitate was washed twice with 40% SAS. The final
.

precipitate was dissolved in the Mmininum amount of PBS.

Ammonium »sulphate ions were removed using a Sephadex G610,
PD-10 co’lumn\(Pharm;'c.n) which had been pre-equilibrated with
PBS.




4

. P£o‘te‘ln-A Af finity Chromatography '

NFLD.MI.was purified from the SAS precipitated proteih
solution on a Protein A Sepharose 6M (Pharmacia)” column which
n_s prepared accordling to the manufacturer's instructions.
The ;ample. diluted with Tris-buffered saline, pi 8.6, was
.added and buffers ranging from pi 8.6 to pH 2.5 were used to

elute the proteins (Ey et al. 1978).

~ %

2,2 Screening Assays [ -

NFLD.M1 was identified using a solid phHase radioimmune

assay (RIA), (Tsu and Herzenberg 1980), but due _to tecnm‘ca]).‘

prob1ems Ais_cl{sed in Chapter IV» it was decided to switch to
an enzyme-1inked immunqsorbent assay (ELI SA)' for screening
'I(F.LD.D;I clurjes and characterizing the nn;ibody. Considerable
effort was spent in adapting an ELISA on glutaraldehyde-fixed
(GA=F) cells (Xennen‘ 1981) but this assay un!orbunnte'ly gave
both false positives and falrse'neg_aﬂves. Alt hough it was
-abandoned in hv\ur of a H;e cell ELISA, CELISA (Morris et
al. 1982), nlt;pr-odnced significant findings which should be
of Twterest to all those involved in prqducing monoclonal
antibodies (MCAB) to cell-suriace antig‘ens (Drover and

Marshall, subnitted).




* 2,2.2 Enzyme-linked immunosorbent assays

2.2.1 Radio Ismune Assay (RIA) N

This agsay was performed essentially as Aescrlhed by Tsu
and Herzenberg (1980), Briefly, 20 u) target cells (2 x
10711-\!) in phosphate buffered saline (PBS)- containing 5% FBS
and 0.02% Sodium azide (RIA buffer) were mixed with 20 ul = 3

)

MCAB supernatant T U-bottom wells of a PVC plate (BDynatech

Laboratories, lnc:. A‘exandria, Virginia, 22314 USA). After 1

.Ihr incubation at 49C the cells were washed 3% with RIA buffer”

by :e.ntri_‘fuging the plates a't 5009/10 min at 10°C and

aspT'rdting the wash solution. 1251-RAM was prepareu' by

labelling "F(ab')p fragment rabbit anti-mouse IgG (heavy +
K <

light chains) (Cappel Laboratories, chh‘mll]e. PA., 19330

USA) with sodium !2510dine (Amersham Corp., Arlington

Heights, IL.,60005 USA). Fifty ul (40,000 CPM) of this_

1251 -RAM was, added/well. After incubation for 1 hr at-49C’ the
cells were washed 4 times. The plates ve(re -the wells e

- H .
cut - apart and the radioactivity counted in avg}-mn:f{hnler; 8
.

2.2.2A Reagents usgd for both ELJ SA-6AF ‘and CELISA

i. 1.5 phosphate-buf fered saline (PBS) 10X .
80 gm NaCl SR o ‘ 4

2 gm KHPO4 i .

¥ : C

21.7 gm NapRPO4Y7H 20 . s 2

&




2 gm KC1

Dissolved in 1 liter distilled H0 and"diln.tv'e.d 1/10 for

% working solution.

ii.

L Ve )
SiidL

Al
iv.

i

Poly-L-Lysire (PLL) 1 mg%

1mg PLL-hydrobromide, malecular ‘'weight 180,000 (Sigma)

dissolved in 100 m1 PBS and Stored at 40C. ,

.

Blockin& Buffer (BB) : -

90 m1 PBS-BSA.+ 10 ml normal goat serum (Gibco, Grand
Island, NY 14072 U:SA) + 0.3-gm gelatin(Sigma).
¥ »

2
Control Antibodies

a) NEI-011 antishuman. Ia (New .Er:glan‘q ‘Nuclear, Boston,

* MS 02118 USA), subclass lgﬁ!a. (Hansen‘_‘et al. 1980).

b) CA-206, a vﬁonomorph-ic DR MCAB, subclass'IgGZb.

PR ® (Charron and McDevift 1979). *

c). ATAB-anti HLA-DR,” subclass 1‘961 (At!ant% A'ntihoa-
les. Scarborough, Maine 04074-0060 USA) R

d) 0KT-3, a pan-T cell MCAB, subclass lgGZa) and 0KT-8,
anti-T8, IgG2a) (nr:rm, Raritan, New Jersey, USA)

e) Reference mavu'se ;nyelomi proteins (Litton Bionetics,

Inc., Kensington™Hd. 20795 USA) included the: follow-
1"0. TEPC-183 (lgﬁkf. MOPC-21 (Ig6lk), UPC-10 (lgGZak).
HDPC‘IDE (lgGZbk). ¥5-606 (1gG3A), and. MOPC- 315 (19AM2) .

' .

4 L
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v. Conjugate ’ -
Peroxidase-labelled affinity purified goat lntl-”use
inunog?ﬂbu\!jns (heavy and 1ight chains), (Kirkegaard
and i’erry. Richmond, Cal 94804), were diluted‘ in PBS

“ containing 2% BSA. . ’

vi. Phosphate Citrate Buffer *
a) 0.1M citpic acid (J.T. Baker Chemical Co.) - 19.2 gm
in-1000 m1 dHz0 . ) '
b) 0.2M pﬁqsphate -28.2 gm NaghPOg (J.T. Baker Chemical
Co.) in 1000 m1 szq.

12.2 m1 (a) plus 12.7 ml (b) were mixed with 50 ml dHp0
and the pH adjusted to 5.0 with (a) or (b).
vii. Substrate -

4 mg -of chromoger, nr;hophenylenzdluine dihydrn:hlorid}
(0PD), (Sigma) dis$o véd in 10 ml PCB. —

4 ul 30% Hp0, (J.T. Baker Chemical Co.) ldded.inedht_-
ely prior toTuse. Sl ’

.

.2.2.2B ELISA on GA-fixed cells __

i.Cell Coated Plates: T;i‘?‘get cells were washed in PBS at
500g/10 min, counted and-adjusted t:o 1 x"107/m1. Fifty ul Pl%
was added_ per.well of a PVC-U bottom microtitre plate
(Dynatech) and incubateg at R'T~/30-in. PLL was ruovefl_by

¢ ¥ 5
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flicking and 50 wl (5 xm‘) cells w&#s added per.well. The®™
plates were centrifuged at 300g/10 min 1n>n;1crot1tre carriers
(Cooke). Fifty wl cold glutaraldehyde (GA), tsigma). 0.5% in
PBS was added to each well and ‘incubated at RT/15 min. GA was
remc‘wed by flicking and the plates wege washe.d twice in PBS
by immersion -and flicking. The wells were filled with
glycine buffer. 100 mM‘gl\ycine (Sigma) in PBS containing 0.1%
BSA..left at RT/30 min and washed twice in PBS. Two hundred
ul 0.1% BSA was added per well and the plates were either

used 1mmed1ately or stored at -20°C. ®

. Y

¢ ii.Assay:" All washes in the following procedure were
\

done by immersion of the plates in 0.5% Tween-80 (Sigma).in

PBS (PBS-T), then flicking and tapping vigorously to remove

- the wash solution. The wells were filled with BB and

incubated for 1 hr/RT to decrease non-specific binding and "
washed twice. Ten or 25 ul MCAB, appropriately diluted in 10%
FCS in RPN1, was added to each well and incubated at -RT or
37°C/hr followed by thr‘ee washes. Fifty ul c&jugate was
added/well and incubated at 379C/hr. The cells were washed 4x
in PBS-T ‘followed by .or'ue wash "in PBS. One hundred ul subs-
trate was added/well and incubated at 37°C/‘30‘m1n. The
reactlnn was stopped by adding 50 wl 2. 5N H2504/well and the
ahsu\hn:e read at 492 nm, using a Multiskan Spectrophoto-

méter (Flon Laboratories). P
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I.Z.IZC‘- ELISA on 1ive célls (CELISA)

This assay was performed essentially as described- by
Morris et al. (1982). Briefly, t'arget cells were washed twice
in PBS and resuspendea at 5°x 10 6/m1 in PBS-BSA. Ten uwl
cells was mixed with 10 ul antibody in V bott‘ol wells of PCV
plates (Dynatech). After 1 hr at RT the cells were washed 3x
Yn PBS-BSA by centrifuging the plates at 5009/5 min at 10°C
u!d'f’H:Hng to remove the wash solution. Fifty pl conjugate,
npi;ﬁ;11y diluted '(1/800) 1in 2% PBS-BSA, was added/well and
incubated 2 hr. The cells were nas‘hed ax and‘_t‘he plat_é was
;nap-fined u_nto an EIA plate (Flow La‘bcrato;ﬂs) uMch‘
had been precoated with~PLL. One ‘hundred ul PBS was an;ded/-
well, the ceils uére resuspended and holes were punched in,
the center of each well with a 16 gau‘ge needle. The plates
,“" centrifuged at 500g9/b0 min so that cells passed into the
lTower wells a‘nd adhered t.o the PLL—‘colted wells. Fluid was
removed by flicking. Cof;:ur was developed as ﬂesc_rmed for
ELISA-GA-fixed cells.

2.3 Tlrget&ells e .

~2.3.1 Cell ldnes

Lymphoblastoid cell lines Neu'minly used as target

cells. The :.llss. HLA ph’enotype' and source are given in
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Appendix A. A1l cells were grown in RPMI-1640 supplemented Ld
with -10% FBS'Z-H L-glutamine, and 1mM sodi’u‘fn pyruvate (Flow -
Laboratories). Cells were harvested for assays when they were ‘\
in logari’thn!c phase and were greater than 90% viable.

1 -
2.3.2 Isolation of T- and B-lymphocytes ~
*

2.3.2A Separation of peripheral blood mononuclear ':é’l’ls

Mononuclear cells were separated from heparinized blood
u'sing Fi»coll’ Hypaque (FH) density gradient cﬁ)ifugacion
(Boyum 1968). Briefly, blood was dilﬁ_ped 1/2 in PVBS and
layered over 10 ml FH (Pharmacia density = 1.077) 1‘1{“a 50
ml conical tube (Falcon). The layers were centrifuged at
5009/20 min and_t_he mononuclear cells at the FH-plasma inter- .
face;vere :oTl’ected in RPMI-1640. The cedls were washed 3x
at 500g/10 min. They ‘were resuspended in warm RPMI-1640,
containing 10% FBS and” h-.eld at 37°C. '
2.3.2!‘ Monocyte depletion & .

Hn,Pucytes which hl&e endogenous peroxidase were depleted
from the PBM suspension \s1ng Sephadex G10 (Pharmacia

- (Ch{en“lﬂjs’hufln 1984). A 10 m1-disposable syringe was plugged
with glass ;\vool and packed with 5 m1 Sephadex G10. The column

. was washed with 10 ml warm RPMI-1640 containing 10% FBS and
the ulru\RBM cells (1 Xlﬂ?) were'. layered on top of the

column. When the medium flowed through, the column was closed
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and left at 37°C for 30 min. The nonadherent cells were

eluted with warm medium.

2.3.2C Separation of' T- and ‘-ly-phncytes
Thesg were separated by a combination of E-rosetting and ”
removal of rosettes by Fii (Weiner et al. 1974). Non-adherent
cells were counted‘and adjusted to 5 x 106/ml and 2,5 ml . was
added tg,z.s ml neuramlnidase-treltéd sh'eep eriythro:ytes.

' mi‘x’e‘d/gor’l.’.) min, ‘and centrifuged at’ 3009/5 min. The rosettes I”»
were gently,res‘uspended and separated by FH ‘as described
above., The B-lymphocytes were collected at the FH interface

_ and T-lym'phocyte“ ;ei-e obtained from the pellet using 0.87%
ammonium chloride to di;snu;t the erythrocytes.
.

a 2.3.3 PHA-Stimulated T-Cells
T-cells, obtained as described above, were 'cu'ltured in

‘RPMI-1640 medium containing lﬂl' FBS, 2mM L-glutamine and

phytohemagglutinin (PHA) 1A80 (H‘hco) at 1 x"105/ul.:The

cells were grown at 379C with 10% (02 'I':)r 72 hr at which time
transformation was evident gacm‘opi:illy (large aggﬁ‘g(ates

of cells) and microscopicall
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2.4 Llsotyping and Quantification of NFLD.M1

; L ) «

/ 2.4.1 0n‘chterlnny analysis

; Double diffusion- in 1% agarose was performed by a
standard method (Ouchterlony) using the following rabbit
‘jnﬂ-mouse immunoglobulins (Litton Bionetics): ngl. Ig62a,

" 1g62b, 1963, JgM, IgA, and anti-lambda’ and anti-kappa light
- ;:hain;. Myel‘cma prutein;I—idsted in section :2.2.2A were used

as positi/e controls.

'Z.Q.Z Quantification using ELISA
. ) ).
2.4.2A Reagents ~ " r
- In addition to those listed in sectidn 2.2.2.A the

fn]lofv'ing were a’lsn requiréd:

1. BicarbowBte buffer pH 9.6 .
1.59 gm NapC03 (J. T. Baker Chemical Co.) )
2.93 gA~Na§C03 (J. T. Baker Chemicak Co.)

i " Dissolved in 11 dH20 and stored at RT for not more than

k. 2 weeks.
. A ]

,l‘i.'Gon anti-mouse gGAH‘ 1gG1’' ; ~
GAM-IgG1 (Litton Biongﬂcs)dﬂuted-llsoo in ‘bicarbonate

e

buffer for coating plates.
\ .
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- 2.4.28 Assay ) i ( .
—
. Two, hundred/ul GAM antibodies was added to each wel)] of
an EIA titration plate, incubated overnight at 4°C and
flicked oug'.(Two-hundred ul.BB was added/weN and left 1 hr
at RT and the plates were washed once in PBS-T. Two-hundred
ul- MCAB or myeloma pr_btein-snndards appropriately diluted in
- PBS-T, was added to replicate ‘wells and incubated 1 hrat _RT.

The wells were washed*4x in PBS-T. and 200 ul conjhﬂt\ was

added /well and incubated at‘ RT forl hr. After .4 washes in

% PB&S‘-T 200 ul substrate was added and color develb_ped »at RT in

\ the dark for, 30 min. The reaction was stopped w‘iih SDAul 2.5N
H2S04/well and read in the Multiskan spectrophotometer.

3 The conuntraﬂons uf the stafiiards were plotted versus

adjusted optical denslty (0D) (average of replicate samples)

'\ on semilog paper a_nd the MCAB concentration was calculated.

2.5 V;llﬂe:uhr Weight Determination of NFLD.M1 Determinant ¥
A} =

2.5.1 lodination of cell surface proteins - a L ]
-
o . The cells were counted. centrilugzd and wasl‘ed 3x ln.

PBS Four x 107 cells 1n 200 ul PBS was added to a glass tuba
coated with 100 ug lIodogen, (pierce Chemical Co., Rdckford, >
11761105), (Markwell and Fox 1978). One mCi 125Iodine, - -,
specific activity 15.3mCi/mmol, (Amersham @ Searle) was ldd}d
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and the mixture incubated on ice/10 min]with occasional
mix‘lng.-The»ceHs were washed 5x in cold I;BS at 5009/5 min
Vand lysed in 1 ml lysis buffer, 0.5% NP-40 (Sigma) in PBS
containing 1mM phenylimethylsulfonylfluyoride (Sigma), for 30
min s described by. Shackelfor‘,u al. (1981).

The lysate was Lransf“erred to a 1 ml Eppendorf tube,
centfifuged in a microfuge (»(E;p_p_gndorf) at 150069/15 min. and
nie supernatant, containing the crude membrane fraction, was
collected. It was eit;e/r: used immediately or stored at ~700¢| |

2.5.2 Immunoprecipitation

One hundred ul lysate was reacted witl{‘S-!O'ug MCAB/1 hr
in an Eppendorf tube. Ten ug RAM-IgGl was added because mouse
1g61 binds poorly t;o Protein A (Goding l§78) and incubated 1
hr/‘RY. One-hundred ul 25% P‘A-Sepharnse, which had been washed
.extensiv'el,y in NET buffer’, was added-énd idabated at 4o0c,
rotatihg overnight. The mixtures v;ere washed 5x in NET
buffer. The immune complexes were el;nted from PA-Sepharose .
N‘ltﬁ 50 ul 2x Laemmli sample buffer (Laemmli 1970) and hea;ed

at 1000C/5 min. . ) "
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2.5.37 One-Dimensional Electrophoresis (SDS-PAGE) ¥
2.5.3A Reagents . '
i. 30% Acrzlamide_#ﬂ.el BIS L ’
30 gm acrylamide (Bio-}(ad), Richmond, Cal. ?4504 USA) ;
and 0.8 gm N'N'methylene-bis-acrﬂmide (BI\S), (Bio Rad) *
£ _l" dissolve in 100 Wl dHp0. Filtered and stored at 40C.
\ ii. Lower Tris (4x) 1.5M Tris-HC1, pH 8.8 + 0.4% SDS :
4 18.1‘7§g'm Trizma base (Sigma)‘ + 4 m1 10% ‘sodium dodecyl
sulphate (SDS), (Bio-Rad) in 8O ml dHp0; adjusted pH
’ with 12N HCT and made up to 100 ml.
.
iii. Upper Tris (4x) 0.5M Tris HCl, pH 6.6 + O.WSDS
6.06 gm Trizma base + 4 ml 10% SDS’MV 80 ml dH0;
e adjusted pH as above and—maﬂe up. to 100 ml. * ..
) - "
. iv. Tris Glycine Resevoir Buffer (4x) ] . €

12 gm Trizma + 57.6 §m glycine (Sigma) in 1 1 dH20. -
For running buffer dilute 500m1-in 2 1 0.1% SDS.

. v. 2% Anmonium pepsilfate (AP . . o
. 10 mg in 5 ml dHp0; prepared fresh. .

vi. Sample Buffer ¥

10 ml glycerol (BDH) - 4 S mx




ii. Upper Gel or Stacking Gel

+ 5 ml 2-Mercaptoethanol
+ 30 ml 10% DS L /
* LZ.S ml  upper Tris
+52.5 ml dH0

2.5.38 Preparation of gels

i. Lower gel(10%) . . N v
11.3 m1 dH20 \
7.0 ml lower tris (4x) o
9.3 ml 30% acryl_amide'+ 0.8% BIS |
0.007 m"l N,N,N',N'-tetramethylethylenediamine (TEMED),
(Bio-Rad) . . '
0.4 m) 2% AP

~

The first 4 reagents were mixed, degassed, the AP added.
and poured immediately. The gel was overlayed ‘with a
few drops of isopropanol and allowed fo polymerize for

at least 2 hr.
”~ -

3.17 ml Hp0

+ 1.25 ml upper tris (4x) - -

+0.5 m1 30% acrylamide + 0.8% BIS

+ 0.005 ml TEMED

Mixed, degassed and 0.075 m! 2% AP added.

The isopropanol wa‘s removed from the lower gel which was

then rinted iithﬁlx Tower tris’and blotted dry. The comb
X -—
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was inserted and the stacking gel was p|‘petted on top of
the lower gel and polymerized for 1 hr.
>
2.5.3C Electrophnresis

The clamps and cams were removed from the plates, which
were then placed in a tank containing 1600 m1 running buffer.
'400 ml running buffer was added to upper ;eservoir. the combs
removed and the wells rinsed with buffer“. 30 ul gample. pre-.
pared as described -above (2.5.2), was loaded per. well and
e]egtrophoresed at 50 V (l.’.ml\) until samples entered the
running gel. The voltage was then increased to 150 V (50mA)
and electrophoresis cantinued until the Brom-phénol blue

in each sample was 1 cm from the bottom of the gel.

2.5.30 Autoradiography
After electrophoresis the gel was dried for 2 hr using a
gel dryer (Bio-Rad) and thén autoradiographed .on a Kodak

X-Ray film with an intensifying screen for two days at -700C.
2.6 ‘Analysis of CELISA Data

2.6.1 Specificity testing

\

‘4
Duplicate testing was done for )auh cell type with
NFLD.M1, a posiuva contTdl, usually NEI-Ia (a monomorphic DR

monoclonal antibody) l(\d a negative control, usually a
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non-specific 1gGl myeloma protein or culture medium. The 0D P
for each pair was averaged and the background 0D was sub-
tracted to give an ,adjuste; 0D (Adj. 0D)" value. If the 61] of
each dupiicate varied from the mean by more than 15%, or if
the 0D of the positive contro‘l/{’a:‘i?ss than ‘3 times the
background, the test was rejected._ The reactivity of NFLD.M1
was re‘lated to NEI-Ia by expressing the Adj.oﬁ of N‘FLD.HI as . A
2 percentage of the Ady. 0D for NEI-la (% NE1-Ia).

\ The CELISA results f< NFLD.M1 were designated either "
yJositive or nega(ive accorq-hlg to tﬁ.eir distribution in a
Frequerycy Distribution plot which was done using the Adj. 0D
,values for N%LD.M].-N_EI-IA anld the % NEI‘-la. Two by two

. contingency tab;es were set up in order to do a correlation
analysis between NFLD.M1 and each DR or(DQ specificity: The
significance of each correlation coefficient (r value) was
calculated_using :hi square and Fisher's exac{ test. The .
methods are as—follows: - ‘

1. The correlation coefficient:

ro- ad-bc E L8
J (a+b) (c+d) (a+c) (h+d) )

. . e .
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ii. The chi square method:
Al
a) X& = _N( [ad-bc] -§/2)2 (with Yates' gorrection) I

(a+b)(c+d) (a+c)(b+d)

b) p = f(atb) ! (c+d) | 4a | (b+d) ! (Fisher's exact test)
: *oNladb [ | s
where a,b,c,d are ce\H the approp;iate £x 2 connngancy

table for NFLD.M] and the ant'igen being r.ompfred. p is the

. probability and N is the total number ‘of ce}ls\
2.6.2 Colpariso‘n}f RFLD.M1A to NFLD.M1B 5 4
TR . '
To find if two sourcés of NFLD.ML (A -'Pyrllied anti-
5 ug/ml, from ascites fluid produced with 63.clone; ;' -
superhatant from the overgrown. G3-H11 sub;lone)r)f':acted in a
simil{r"manner. both were reacted in L"‘ELISA; withoseveral cell
lines. Lﬁe resufts were compared using Spearman's rank order .
method, of doing a correlation coefficient when the d'lst.ri-.
hutimi is not nornip,] and the significance of the correlatiol
'coe'iﬁcle‘nt (p) was tested u‘sing the Stude_nt'; t test.:The
'm\ethods uged were as followss . . o
. ~
.p=1- mn_z_l where D = é‘he.dﬂference b‘etueen rankings
N(N2-1) " N = the number of results
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‘t = g_N - H where p = Spear I;\‘S correlation
- ‘T -p2 ¢ ‘coefficient
3 i _ N = number of pairs -
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2« CHAPTER III RESULTS A7 .
- © %

3.1 Preliminary Testing of -Uncloned Culture

| %
“ s e .

. The fusion from which NFLD.M1 was derived produced over

iqu hybrids. Unfartunatgly. all except n1neteen were lost

due toq contaminuion by yeast. Supernatant from the master

cultures and culture medium as- a negative coptrol were tested

i for antiboMy activity using-the immunizing cells (NB) in a

radioﬂnmune assay (RIA). Specific annbody was detected using
1125, -labelled GAM (40,000 CPM/well), 'so that the amount -of
Todine (CPM) bound to the cells could be directly related to:

the amount of specific-antibody bound. to the‘ce_ll surface.
The ratio of the average test CPM:average background C’PHv>
(cells + culture dem,) was cdlculated for each cell. Ratios

“greater than.2.5 were considered positive. All except for one

were negative (data not shown)

. Supernatant from this hybrid (NFLD. Hl) was then tested

aga;nst several lymphoblastoid cell .1ines (LCL) including NB

In an 'fR\A (F, 1gure 4). The suptrnaunt rencted st'rnngly'wnh.

the 01mmun121ng cell and with GN.‘H?O. to a lesser degree with
’ GNJIGZ and GM3160 but did not rea:t with the reanIng LeL
1nc1ud1ng the T ceH l|nUK2219 (Figure 4). Since the

supernatlnt ‘copteined mzihady activity which npparently
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TEST CPM/BACKGROUND CPM

a .

ceLL 0 - 2.8 8.0 ..

' .

NB ;
GM 3099,
GM 310
. Wt s
5 ; GM 3162 1 ,
- “GM 3160, | '
GM 3100 - -]
GM 3163 .
, GM 3007
GM 1810
+ - am 1818
GM 1663
. GM 1626
GM 2210

’ ,

'- Figure 4. Preliminary screéntné of NFLD.M1 using RIA. Super-

natant from\the master culture was tested aga‘inst the
s < .

- immunizing cell (NB) and a panel of cell. 1ines:Ratios ¥

. * greater than 2.5 were“considered po H:ive‘(.

C— A
- - " ¥
. . 2

»
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recognised a polymorphic determinant on the\cell surface, the
master culture\uas expanded, .the supernatant collected, and
the cells cloned.

3.2 Selection of a Screening

\

\ . ‘

After E/hb preliminary screening nit/lk, ;t was decided

to adapt the enzyme-1inked immunoassay (ELISA) using poly L-
lysine to stick cells to wells of a microtiter plate.
followed by glutaraldehyde (GA) fixation as, described 1n
,,Chapte'f" I1L: This c\ssay gave confus1ng and conflicting res‘ults .
(dataﬂnot shown). To' find -an explanation for these ,r’eé_,u]ts s Hae
experhnents were performed to test the speclf{cn.y of the )

assay. These are described 1,'n"the following sections. . X v

3.2.1 ELISA on GA-Fixed Cells gave nnri-svl:ﬁl‘g‘,results
2 g

5 Y - Port

T An experiment designed to test the specificity of the ) '

assay involved reacting GA-fixed cells ,(GH!_}GI) w1th'v\ariuus
concentrations of mouse [yeloma ﬁ,rpte|ns which had been _“(
procured -as s‘tandlrds or 1|ﬁmunnéhemistry. ;hree of the
proteins reacted non- specﬂlcally ‘with the cells’ (F|gure
5). The most nunspeciﬂc binding occurreu with” lgH, uMch was

still stronglyvreuctive at 3.125 ug/ml, whereas lgGZg and’

“1g&2b *hered only at Mgher" cbncéntrati;ns (>10 yg/-ﬂ). \ ;
. . ) . » ) S5
» - o . ol
b : ¥ 7
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ug/ml. of myeloma proteins ;

P . ’ 0
Figure 5. Reactions of frrelevant myeloma proteins {in ELISA

using GA-fixed cells (GM - 3161). T‘he 0D values were adjusted
. (’Adj. 0D) by subtrlc‘&‘lng the background%ultuie medlum) 0 .

from the test 0D, lgH (#) > 10 wg/m praduced 0D values ttxo

" high to read; lgGZu‘(l) and Ig62b (A) reacted nonwspecific- .
ally with the” cells, whereas IgGl (0). Jge3 (V) and IgA (@)

were nbn-reactive.

% 5 : <,
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There -was little b1nf’lng of IgA, IgGl or 1gG3 ®ven at Mg‘h
concentrations; nor wa’ ,there any significant binding of any
myeloma proteins to plastic "alone, (data not shown). These
findings showed that ELISA results could easily be |nte‘rpret-
ed as positive when Tybridomas were secreting !th levels of
non-specific antibody, particularly when the antibody is
IgM. !

: y
: - N\

\ y
3.2.‘2 Comparison of ELISA on GA-fixed cells versus CELISA

The n experiment was designed .to compare bindiﬁg
of £wo non/specific myeloma proteins, lg:H ang, 1g62b, with t‘uo
spe:ific monoclonal antihodtes (MCAB), NEI-anti-1A (Igﬁzh)
nd ATAB-DR (lgGl) using GA-fixed cells and viable ceUs. The
viable :g\l assay (CELISA) was performed essentlally as
descr!bed by Morr1s et al. 1981. Both as{\ys were carr1ed out

simultanenusly on GM3190 cells.

\
3.‘2.2A Variability within replicates
The 0D value f9r each ‘test was adjusted “Adj. 0D) by

'subtracHng the 0D of the background ('cu\tura med1um) The

avgrage Adj. 0D for each” dupHcate was calculated and thé

’ variability of_ eacn method was:evaluated. TMs was dbne by

calculaﬂng the gerceut wiaﬁon (%V) of each dupl{cdte from

‘the mean Adj. 0D. The mean (X) and standard deviation (s) of;

th: w values.'or each assay were then calculated. As can be
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seen in Table 2 which shows a sample of the data, the agree-
. »

mept -between dun‘Hutes‘ns generally good for both methods,

- ~
but the varfability was greater n1i(\ Tive cells than with

fixed cells. o &
& & 3

P

3.2.28 Non-specific binding

As can bL seen from Figure 6 the data confirmed the

previo‘us finding that IgM and IgG2b reacted non-specifically

‘with. GA-fixed cells. .In addition they also reacted ron-spec-

ifically with viable cells, but to a f:sser degree. Even at,
the “lowest :oncenu{nion. 1.562 ug/ml, -igM reacted 5 times
7 n

more with GA-fixed ¢ells than.with the viabley cells whereas

.1962b binding apbvroached background levels at 10 ug/ml. Nei- :

ther IgM nor 1gG2b bound non-svecl”cally\ to the poly-L-
lysine and glutaraldehyde-treated plastic.

~ .
3.2.2C Glutaraldehyde modifies some D-region Iol?cu'les
B A ® 3
Testing with the specific MCAB on viable and GA-Fixed
cells (Figure 7) showed that NEI ant!-(la ééacted poorly with
e

.the fixed cells even at 10" mg/ml and at 2.5 ug/ml it was

completely non-relct'ﬂﬁf The,b‘lhding that did occur.n 10
ug/ml_mas- probably ‘non-specific since 1t occurred $o the
ﬁnqefin which the 1;rglevpnt lgGZb‘buund ﬁo’n-specifically to
GA-fixed cells (Figure 6).‘ Bipding of NEI lnti-!u to viable

cells (Figuré®7) was dramatically {increased compared to that

"of the Yixed cells. At 0.313 ug/m1 binding was still above
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Table 2. Reactions expressed as Adj. 0D* of viablé cells and
glutaraldehyde fixed cells (GA-F) in ELISA usimg two monoc-

Tonal antibodies.

NEI-Tad I962b2

. viale  GA-F Viable L GA-F
B cells cells cells cell
ug/ml 0D* 2V o % op v o wv
,oo ND  ND N ND 775 10.2 1146 3.9’
56 ND WD N ND 516 9.4 778 1.8
.25 ND WD ND  ND 303 13.1 526 3.7
125 ND ND ' ND  ND 121 7.6 06 3.4
10.0 800 4.2 N ND N ND TNo WD
5.00 853 21-._7 143 2.6 33 2.5 190 6.0
e.ﬁ' BT o NN 4 0.6 99" 4.4
2.5 ‘840 4.3 ;56 4.0 ND WD XD ND
1.56 £ N0 N0 WD 0 1.1 52 0
1.25 598 3.3 s 1.0 W WD ND WD
0.63 /523 12.9 37 2.9 XD ND M. ND
0.31 228 22.2 B 5.4 ND ND ND©ND
0.16 113 1.2 14 45 KD ND N . ND

B Ve

.




‘Table 2. continued

— z <
. NEI-la 1962b3
Viable GA-F Viable " GA-F
5 . cells cells cells cells
. v Voo 141
- - ~ —
) X 10007 3.4 1.2 3.9
7 s 9.0 . 1.6 4.8 1.4

. i
-

0D* = Adj. 0D x 103; X 7 mean of %V; s = standard devia‘tiuh.

- a.¥g62b is an irrefevant MCAB whereas NEI-Ia is a specific
MCAB. "
- & -
. .
P
4 Sy -~
¢
.
F - /‘
. 7 ,
£
/ 4
. . a
- . -~
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)\ ) pg/ml of myeloma proteins
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Figure 6. Non- specific binding 'of two 1rrelevant myeloma .7
proteins to GM3190 cel!s in ELISA. IgM (diamonds) and lgGﬁb'
{triangles) were reacted 'with GA-fixed cells (clased syn-
bols), viable cells (open symbo]s) and poly-L- lysine GA-
treated plastic (half filled symbols). 2
. /’
- \ ps . 4
L
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, .
Adj. 0D(4920m)

o TSa—
100 10 0.l
v pg/ml MCAB

. E : 4
Figure 7. Biuding' of two monomﬁhn DR, MCAB to GM3190 cel]s
as measured in ELISK: NEI-Ta (triangles) and ATAB-DR (cir-
s ’ y
‘cles) on GA-fixed cells (half-filled symbols) and viable

cells_ (open symbols).
A
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background levels.

AT AB-DR r‘-eacted with both viable and fixed cells (ngré
7). 13 is expected that ‘the binding to GA-fixed tells was
specific, since it was an IgGl and this sub;lass did not bind
non-specifically to GA-fixed cells (Figure 5). The reaction
with the viable cells, however, was congiderably 'stronger
than that with the GA-fixed cells. This suggested that the
antigenic determinant was at least partly destroyed or
altered in contrast to the NEI anti-la determinant .which

appeared to be completely altered by GA-fixation. 4

3.2.3 CELISA selected for screening assay
It was obvious from the preceding data that the risks of
selecting false ‘posltiv;s from hybridoma cultures were
greater using GA-fixed cells, particularly if the antibody
. was IgM or if the 'immunoglobu\inv concentration was too high.
Even more alarming was th‘: fact that some HLA-DR antigens,
and possibly otherj cell surface antigens, were denatured to
such an extent that specific antibodies no longer recognized
them. Although the ELISA using GA-fixed cells was sinlp’ler and

less time consuming than using viable cells, its lack of

spe;!ficit:y and sensitivity compared to CELISA elininated |t’

as a screening method.

A
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3.2.3A Optimal col!dltlnns for CELISA

Before implementing the CELISA as a routine screening
method, nptimaf conditions for the conjugate concentration
.and antigen density were estab’lished.

i. Cross-titration of :on,tugate To find the optimal

dilution of the égnj‘xgate. a cross-titration of ATAB-DR

against tr‘nree dﬂu‘tians of GAM=HRP (1/400, 1/800, and1/1000)

was done using constant dntigen density (* x 105 GM3I90

cells/ue”). NEl anti-1A 2.5 ug/ml “and culture medium were

a1so inclnded in each assay. The background 0D values To0. 129,

.o.xvnz. ‘and 0.104 rg?yectively werg acceptable-for $11 thrge
cnﬁjugat,e dilutions. The duplicates in the GAM-HRP 1/00‘0

titration were va}iablg but t_here wa’sixcellent agreement

between the duplicates in the other titrations (Figure 8). In

- addition, the 0D values for ATAB-DR ( >2.5° ug/ml )} with 1/400
conjugate net:e.,too high to be read accurately.b& the Multi=-

skan. When NEI antl-lra (2.5 ug/r;l'l) was expressed as a

percentage of ATAB-DR (2.5 ug/ml) there was very H‘ttle

) difference 1“1 the values obtained, 37.6%, 34.9%, and '3.8.851.
respectively, for all three dilutions of conjugate, However,

GAM-HRP 1/600 seemed to be apt}mal in the ATAB-DR titration

so fhn dilution_was cvhosen for future testing. #

' ’

1. An'tigen :on:entru‘t‘lon: The next experimen£ was designed
to establish optimal cell density since Morris et ‘al, (1981)




, reaction of ATAB-DF‘( in CELI'SA. Three dilutions of

. douthg dﬂuﬁnns of ATAB-DR, in CELLSA; range and

Adj. OD (492nm)

0.1 - :
T T =7 T T
2.800 1.280 0.628 0.313 "0.156 ~ 0078 CM -

ATAB-DR ug/ml WL

Figure 8. Effect of dilu‘ting the conjugate on\me3 ur‘ing_the-

‘. .1/400. A Al/&oﬂ. '_'1/1000 were cross Htrlted against

an\ues are 1ndic|ted for each point. NEI- a 2.5 ug/ 1

(open synbo]s) lnd culturg medium (MH filled sy-hols) were

included as nosiuve lnd n’!guiu contrnls. raspecnvely. N
-~ . A L

GAM- HRP,
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had reported that antigen excess could depress specific

.antibody h{mﬂﬁg. Four concentrations of l‘fells (GHB[GI) were

.
*. tested with NEI aMi la (2.5 nglnl) and c

4

-1,

N
3.3 Preliminary Screening cﬂ“lFlD.nl_ in’gELls_A. .

l\;re medium. There

A

i Nqs/‘lttle evidence of deuressed anandy binding pue to high
i

gen cbﬁ‘:entﬁat{ans (Figure 9), but below ‘2.5_ x 104 the

's'ensltlvity decrelsed -Since there was very Httle difference

‘tn sensitivity at concentrations betwun 5 x 10‘ and 20 X
104, and since it- nas sometimes _necessary to economize on

* Y

cells, 5 x 104/well was chosen for the anﬂg{c\a:ceptrannn.
. ] :
. : A s . b i o

- Before cloning NFLD.| Hl, the stored supernatan: and tw
:o;lerciﬂ MCAB were tested |n CELISA agalnst ceHs from &4
ELL patients (Table JA), § B-LCL and 1 T-LCL (Table 3B). The
tvo pasn!ve controls reuted anpfopr‘utely. lTAB DR was
positive with lll.cells except GM2219 (Holt 4),” whith is a
T-cell line and does. nnt gxpréss OR uolecules witile ATAB- ABC
reacted with. ll\ cells exupt GH3190 (Daudi) whicl. does not
uprns HLA-ACB. HFLD Ml nntihody ma*ed, ith ‘some of, the
! -cells hut nnt 'Ith GH2219 Th- data suggested that NFLDTMI-
ucng’hod a polylorphi; daur-!m‘nt on B-cells, possibly a —
Du-pulylurahiu.

' Sinu the n‘uher of DR’ nahcu-lcs)‘gr:\nn( an the ceH

su;‘llc- Ms been .sholn to \yury with t)l,l different stuls in

& - -
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Figure W Effect of &gll concentration on measuring the

) B o
v rgaction of NEI-l1a and culture medium whth GM 3190 cells in.. -

) * CELISA. Five ‘conceptrations of cells were reacted with 3

- ' NEL-1a, 2.5 pg/ml, The results were expressed/;u'nn o’ ratio ;
© (Test _66/B|ckgro«nﬁlﬂ) with the range- and mean indicated. " 5
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Table 3A. HLA pﬁenatypes-and_ CELISA resulty of CLL-cells

T

o cLL ="
'FS4r1s  FS3425  FS5059  FsS3029 '
. ‘
. . - »
s — = 1 =
HLAZA 2,38 . 2,25 3, - 1,2
i ¢ 3,5 N 4. . N -
8~ 44,40 ~ T8 7,3 p88 TN
oR! 4 3 1,7 2,3
.
g Sy N - ’ - -
- . - 4
NCAB: Adg. 0D%, -
L _AATAB-DR 1238 1121 1283
AT AB-ABC 141 . 963 . 1115
s NFLD.M1 - *-473 3 5 13
5 A
" *adj. 0D x 103 S
¥ % . . . }
3 : . »
$ - i - P
o i »
vy , S
/ 5% .
, v *
t [ ’ LS
» ™ . " \
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iAdj. 00,x 103 N € not detected
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Table 3B. HLA phenotypes and CELISA results of LCL
Pac ) ‘{:\‘;LCL L . 3
GM3LH (GH3IGL GHIIOS GH3IO0 GY3LE3 GM2ZL9
s 7, % 5
HLA:A 3,3 3,3 . 26,28 N0 30,30 1,10
¢ 4e 2,2 N N 6,6 ?
B 35,35 7,7 38,18 N . 13,13 7
- DR ) 1,1 'ﬁ,\zﬂ 5.5 6,67 7,7 N
. . . )', o= &
MCAB: . Adys 00,
ATAB-DR 306 983 1636 1558 §so. . 20 N
ATAB-ABC 940 . 344 - 1167 112 933 470
NFLD.ML. 230 178 107 407 48 3
L0 g %
+ -
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P s
ATAB-DR Feactivity (Figure 10). This was done-as follows:

L s ‘.
It was Inte{esting that the only CL‘L cell to react was FS4115
which shared HLA::A2 and Dnl"yith —t‘he lluunizln.g\e‘lls. How-

=gver, two of the nonreactive CLL cells, also were typed”

\v HLA-A2 which Tsuggested that'A-Z was not the NFLD.Ml determ-

inlnt. Since there was some reaction with at least two of the

- 1

B-LCL cells. uﬁwns poscu/lned that the antﬂmd,y was directed
h

.
/2 to a DR determinant. ere was no point in iny\furtner

1n'tervre’tlt|9n of the data since the supernanq§ uas(not
obtained from a cloned culture. . i
. L
: ¢

3.4 Cloning
o <

C'Ioni:;,\hy,’llmning dﬂvuti‘on was a?pcient with- 100%

gro\lth in the first 36 wel\s (5 cells/well), 86% in the

§ . second 36 nolls (1 cull/vell). and 21% in tha last 24 wells
(0.‘5 cell/well). Snptrnqtln,ts were collected three days after
= the last feeding and approximately half were selected on the
" basis-of cell growth and “tested for specific antibody ..

Ve E A ¥ g

. X L .

# the cell cycle (Sarklrtz nl,A 1980), it seemed more infnr--‘

ative to express the IiFLu.H) reactivity as a pevicent of the’ -
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CELL, ® D)o © w
iFS 4115 ™ o
[FS 3026 | B TR
FS 5059 ) ;] w
FS 8029 . : ’
ha—— | ' CLL

'GM_3163. B-LCL

-

Figure 10 ,,lear.t{nns of NFLD M1 obh‘lned by screenlng “the
S\

supernatant from the' master culture in CELISA against a

panel of CLL and B-LCL. ‘The results of each test are given as. -

%ATAB-DR reactivity which is thec MJ: 0D values for rﬂ!.n.m
expressed as a peuentaq‘e of the Adj. 0D values for AYAB-'DR,
1/800).
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* Nine of the cultures were selected, expanded and frozen

for further. study. Supernatants, cnl]ecced from confluent
. cultures, were tested against 6 ce'l\;s including the last
. ) i al;quct of immunizing cells (Table 5). Three cultures (D4,
A E2, and* E9) -were disca‘rded because they were either ueal{ly/
positive or negative. Although Al, A6, C7_ and_E6 rgacted more
strongly with the target cells, ‘they were not selected for
characterization k;ecause each was less !My #€0 be derived
from,a single cell than were G3 and H4. Therlatter two had,
been cloned at 0.5 ce!l/vell and since there was only 21%
growth in the wells cloned at 0.5 cell/ue]l. they were most
1ikely derived from a sing)ﬁ ceH according to the Poisson

+ disgtribution. b
* ¢ Both G3 and ‘H4 were injected IP in pristaﬁe-primed
' Balb/c mice ‘to pr:odu:e ascites but H4 failed to do so. As-

;cites fluid éolfec,ted-‘f‘rom.the G3 mouse was centrifuged to ...

~separate the antibody' rich fluid fromthe cd1T§. The fluid

.

e
was stored at ~-700C and th} cells were Cloned.
i ¥ : ] 2 \

Subcloning .\

efficiency was achjeved in the first 36 wells (5 cel

'rl'”l in the sahond 36 wells. (l cal!/wgll). and: 17'1 in the
T final 24 w.l'ls (0. 5 cell/ueH). Tnelva supernnunt! from\the

o Using the ascitescells from the G3. mouse, 100% cloning
b .
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B Table 4. Results of clnr;ln_g by Hn(itlng dilution.
ks AN
# wells # wells # SN positive™/LeL
Group? ’vit\growth" tested GM3190 GM3105 GM3161 GM2219
. { . A\
1 -3 18 w'la/m‘ 6/18 " 1315 015
11 3 184 1’4(";3' 0/15  5/15  0/15
111 5 % 5 '.} 2/2 0/2 _1/5 0/2
N

-
u. Group 1 was plltey at 5 :ﬂls/well Group 11, alx cell/-
vell and Group 111, at 0.5 cells/vell.

" Sypernatants (SN) from some of the clones were tested in

CELISA on some of the cells shown above. 0D values >3

background were c?p\;!eg;ed positive.




Tabie 5. CELISA results as Ad‘J. op* on superndtant from

- selected clones (C) tested against various cells. % N
CELLS s
C- 'NB2  GM3190 GM3105 GM3104. GM3161.  FS5059
el
b 3
Al 1553 633 11 303 151 s ..
' A6 1559 734 704 }n‘l : NT NT
¢7 1384 737 574 P S B .
04 47 8 2 3 - 0 25
£2. 491 2337 6l 7 8, 2
g 1263 715 . s06 148 74 !
: ; i .
E9 . 436 . 361 369 78 37 Y Jis "
- S - A
. 63 1088 821 704 380 " 210 59
. .
+'HA 4076 561 297 258 140 | 621
. ) ot
s, *Ad§. 0D values x 1043 a = Inmunizing cell
ca e e : R
% e : . 3" - :
g . » 5
: I Y o ¢ ; ’
e 3 o Y P
- . ‘ o N - -
- & ” . ‘ >
* 2 : b T : ot v
% 4 g i 3y 1 i "t
g ~ 4 .
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72
wells cloned at 1 cell/well .dnd four supernatants from-the -

wells cloned at 0.5 cell/well were screened for specific

“antibody using 1 T-LCL (6M2219) 1 myeloid line (KSSZ_) and-4

B-LCL. _ATAB_-DRl (1.2‘5 u'g/ll)’ and ATAB-ABC, a class I monomor-
phic MCAB (.l 25~ug/lﬂ) were includkd. as 'posi‘tiv’e‘controls.

As can be seen in Table 6 ill supernaunts were negltlve
wlth T-cell and myeloid lines. FHte!n supernlnnts reacted
with GM1488, GM1905 aid GM3190 and produced lntermedh;e
reactions with GM3160. These/cells type HLA: DM P DRl ws
DRw6 and DRwl2 respectively. Three clones (69, H7 and Nll). .
were selected from the wells cloned n "0.5% a"which 17% grew
and therefore were most erly d’eﬂved frol a single cell, P-
rior to freezing tht cells t.he supernlnn!s uere rechecked
for antibody secretion in’~ order to choose one for charact-
erization. Five B-LCL were tested and the resul‘ts'(ﬂgnre 11)
showed that supernatants from a1l 3 clones were ructing‘ with
all the cells in a similar way. Dne clone _H11 designnud
NFLD.M1B  was overgrovu for antibody production, the sunrnl-
tant was cg\lected and led at 40c.

= s . -
LI [
unoglobulin Isotyping and Quantification.

- g q :
NFLD.H1 was isotyped 1961 kappa using supernatant from

the overgrown G63-H11 subclone and‘a set of antisera and

 appropriate controls |n a ;nndarﬂ Duchnrlony ncthu'. The




NFLD.M1 Subclones (Sc) tested against various cells.

Table 5. CELISA results as Adj. 0D* on supernatant from

4 : B-LCL\ T-LCL  Myel” B-LCL  B-LCL B-Lcl  B-leL
" i -
Sc  GM3161 GM2219 K562 GM3160° GM3190 GM1905 GM1488
ok . &
: 08 48 57 sz"‘ 230 746 736 792
010 " 47 53 28 221 692 748 869
b1 48 61 ™ w0 796 986 822,
D1z 43 47,33 164 550 4685 781
El 46 61 47 175 646 528 773
; E5 . 45 53 28 150 701 59 922"
7 43 64 . 35 164 630 704 170 °
. E8 37 56 3/ o164 0629 747 818
E12 46 _' 55 81 87 135 118 156
F2 66‘ . 59 72 288 657 826 ‘1075
F6 47 60 54 295 752 870 1013
F10 39 54 5.8— 293 729 767 1118
. G6 38 64 + 55 = 157 485 379 70
ey 36 570 43 Me2s  sa6 528 V;fv
“7 W so ™ 63 T a8 200  ss0 a4 805
W ML 4o ‘5_5 48 - 202 374 840 879
© JOR . 87 49 a4 131 . 1811 - 1621 2018
_ -hBC 347 | ,3_61' 288 ,40'5" '21‘2' 1031 1188

)

Adj.00* x103; -DR'=’ ATAB-DR,1/80Q; .-ABC = ATAB-ABC, 17400"
. ’ oo . )
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Figure 11. CELISA data on three suﬁernaiants from NFLD.M1 &

subclones expressed -as a percentage of the -ATAB-DR control.

(6907 , W7 N ,.and H11EA ).




.5 ug/ml, ’ . . -

_ 75

ELISA technique was used to determine the concentration of

2 NFLD.HIVGY cnmp’arison with a-standard-cturve prepared from

1961 standards (Figure 12). The NFLD.Ml1 supernatant,.diluted
1/5000, produced an Adj.0D of 0.917 and was ca'lculated to to-
conyﬂn §7.5 ug/ml. e

The ascites fluid (63 clone) was fractionated on a
Protein A column as described in Section 2. 1 4A, The mono-
clonal antibody eluted ffom the column at pM 7. .2 which 1s the'
pH at which,IgGl no 1onger binds to Prote1n‘5 (Ey et a‘l.
1978). The'f.k ctions were pooled arﬁ,the protein concentr-
ation was de;Zrmned by measnﬂnb the-Al?sorn_nce at 280nm.
The formula, 0. x (Dilution factor) x 0.69 mg/ml (Hudson
and Hay 1980) was used to calculate the protein con;gntration\
(250 ng/ml\). The .spe:ifli: a"ntibady was shown to lg confined

to this fraction with very Httle. found in the excluded frac-

", tion. Figure 13 shows the reattions obtained by titrating the

Protein-A fraction (NFLD.M1A), the é&xcluded fraction, the
ﬁupernlta’ﬁt (NFLD.M1B) and NEI-la {n CELISA using GM;)D(’)'
cell's. The 1gG1 ‘concentration for NFLD.M1B was determined by
ELlSA’und the 19G2b concentration for‘ﬂEl-la was .given in the
'pucuging enclosure. The results for both sources‘of NFLD.M1.

are almost subqumposa[)e an\i‘appea'r'be reuEhlny a_;nlateau;’at

) L » .
: ‘ : . / . e *
3.60 ‘sarplogical Pattern on nriihqr\'l /Blood Lymphocytes
i . . s ; d
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Figure 13. CEL!SA results obtajped for titrations of NFLD.ML

;against GM-3190: supernatant (w), purified .ascites fraction
% \ ¢

(v), and .the\exc@ded ‘fraction (V).\\\NEl-'Ia (-)_ was included

\ for comparison. ' . : . L




The reactivity of NFLD.MI a'ntibody was studied using
CELTSA on peripheral blood T- and B-lymphocytes from unrélat-

ed h'ulth'y ?{mors and some family members. All the individu-"

| als tested nad heen HLA-typed with the Nin’th International’

HistocompatiBility Horkshnp panel of typing reagents.
' 4 &

. , \\

:.q.l”n!. from unrelated controls

e, / ) ) :
'ﬂv;p;‘\riir'\ized b}lood" fram. 9 ~vohunteers (}able ;A) wi‘s
separated into T- and B-lymphocytes. oth,fr-_/und B-cells were
,tested at § x 104/well using NFLD.M1B' supernatant, SP2/0-Agl4

§unernatant as a negative con\trol. and two positive_controls:

ATAB-DR which reacts with B-\fynphoc}tes and OKT-8 which
reacts‘nﬂh T-ly'-phocytes. The B-lymphocytes were also tested
against J'dihtions of‘unpvurifled NFLD.MIA ascites fluid and
an irrelevant ascites fluid, n;h'.h was pro’:ur“ea from a Balb/c

mouse that had been given Freund's adjuvant IP. In addition

T-lymphocytes “were, stinula‘ud with PHA, and-the PHA-blasts.

.were tested using the same protocol as was used for the )

resting T- lymphocytﬂs .

3.6. ll anl‘lty of the dln

The purity of ench B- -and T- 1ymphncyte population fius‘

) lnvestigated by testing appropriate control MCAB with each
populnion 1n cELlSA (Tab!e 78 and Flgure 14) .. When' the
Adj.0D value for each OKT 8.+ B- lylphocyte combination was
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) ’ g : . . - . 82
" @-LYMPHOC'YTES T-LYMPHOCYTES
- % ATAB-DR % OKT-8
i v CELL| 10:-20 30 40 so0 60 10 20 30
N P M YT S

FYYYFY

\

~

T-cell preparations.

PE]

Flgu‘re 14; Ef!“iclenéy of separating PBL !‘nto T- and B-Iymﬁho-
cyfes a‘s me'asui‘edjn CELISA and reac‘:Han of NFLD.M1 with the
. separated cells. The Adj~. 0D of each control MCAB + each cell
pdpulation expra.s'sed.aas a. peré‘.entage of the appropriate
p’o—s1t'1ve control (hatched ha:rs). NFLD.M1 (open bars) reacted

strongly with three B-cell preparations and none of the




~83 %

expressed as a percent ofﬂ the Adj. 90 value for the ATAB-DR +

B-lymphocyte combination from the same .donor. the values
(hatched b,:rs) obtained for a1'l n‘lne sets Wé’re very Tow
(range =0 - 961 X = 3.3;8 = 2 2). This suggested minima! &
contamination since ane would nnt expect OKT 8 to react with
the B- lymphocyte vnpulatinn -unless they uere contaminated by
T- lymphocytes. ;

The T-lymphocyte pnpu‘latilons were analyzed sim(larly.
using the Adj.0D value for ATAB- DR + T- lympnacytes expressed‘
as a percent uf the Adj. 0D for OKT 8+ 1- lymphoc;v_t‘e/s'o_f,the
same donor. The values (hatched bars) were generally h‘lghzr
and more vari.able (range 11. q.- 24, 1%; X = 16 4%; s = 4.7)
than the B- lymjphocyt‘e results. This suggested thn the

T-lymph.ocytes were contaminated with DR-positive cells since
ATAB-DR reacts . with B%]ymphocytes, monocytes and activated
T-cells, all of which are DR-positive.
3.6.1B I(FLD M1 rnctivity with T- and B- lylphoeytes

Each of the Adj OD values for NFLD M1B“+ B~ lymphocyces

or T-lymphocytes was expressed as a percent the Adj. 0D
value for the @ppropriate positive control, ATABMLIS

and 0KT-8 + T-cells (Figure.‘ 14, upen l;ars) None of .the T- —'

cells reacted significantly with NFLD MlB (range = 0.1-7.4%
of OKT-8 contro)‘ X = 3,00 s =2, l%).'B lymphocytes from' EE,
PH 'and’ SB reacted with NFLD.HlB. 29.1%;36.2%, -and 29.0% .of

‘thel ATAB-DR control, respectively. B-ly"mpﬁ&cytes f”rom HD--gave

v




3.6.1C NFLD.MIA titration on B-Lymphocytes:*

Bl
an intermediate ruc‘tion' (15.0%) and the remaining five were
considered negative, (X = 6.6%, s = 2.8%). The mean and
standard deviation for all 9 B-cell preparations,  against

NFLD.M1B were 19.2% and 18.8% respectively.

The data from.the NtraHons of “NFLD.M1A and Freunas

ascites aglinsb B- lymphocytes from the same donors (data not

’_shnnn_ 1_n lele 7!) hconHrjmed that the only cells strongly

reactive with. NFLD.M1 were those der!_’;:d’ ?r‘om DR4 positive

: 1nd|r1;1ua_ls (Table 7A and Figure 15). B-lymphocytes from HD”

(DRw6,w8), which hud__given an 1:|termed1ate reaction with the

_ supernatant (Figure 14), produced a similarly-.intermediate
reattion with the NFLD.M1 ascites fluid and titered to 1/400.

~The DR4+ cells (EE, PH, and SB) werel/stﬂl‘ react';lve at

1/1600. This suggested that NFLD. Hl was reaang weakly \ﬂth
either DRWS or DR\'B or both. None of the other.Bscells
reacted -ith NFLD,M] to any greéter degrec than th-ey did with

© the 1rre1evant asc‘lces. i

3.6.10 NFLD.M1 reactivity uith. PHA-blasts

Since D‘R molecules are ?xpressed on the surface of
activated T-lymphocytes but not f’restlng,T-ce]ls ('Brodsky and
Radka 1985) one would expect NAFLE.m'. 1f 1t -regognilzes a DR

Therefore,

'pélwuurphism. to react with activated T-cel]"
NFLD.M1B (supernatant) -was tested on PHA-blasts producad"fron
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Figure 15. Reaction of specific and non-specific ascites

. fluid with B-lymphocytes from

M1B (open symbols) -and Freund% ascites (filled symbols) were
i

titrated against the cells (fn CELISA. The results are

i

|

expressed as a percent of ATAB-DR, 1/800.
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the same pool as the resting Y/-ly-phncytey- The reactjhity of
ATAB-DR, OKT-8 and NFLD.M1 with PHA-blasts was’ assessed by
comparfson to the reactions obtained with resting T-cells

(ng‘re 16). )

The results supported the hypothesis that NFLD.M1 shows
specificity for a DR dexermhra‘nt. Dnly those PHA-blasts
obnined from uu same three donors whose B- lynpho:ytes gave
posinve ‘reactions with NFLD.M1, a’lsa showed su"ong rcactions
w{th NFLD.M1 (X = 55‘!, s = 5161). PHA- bl&sts from the
remaining six gave a relath‘rely ,sma_'ll 1pcrease in NFLD.M1
"ruct?v‘lty ix = 61%; s = 58%). It is {nteresting that PHA-
blasts from HD whose B-cells had given an 1n}§rmediate
reaction w‘lthVNFLD.Hl»nere actually l_ess Eaa:tiye than were
resting T- lymphocytes frol.the same dor@?. All' PHA-blasts
eipressed substantially g;eater reactions with ATAB-DR (X =
404%; s = 156%) than with the ;-es-ting I;cells, thus confirm-
ing that activated T-cells express DR and sﬁggesti»g. that the
_Increfse.d NFLD.M1 reactivity was. rell;.ed to DR expression. T8
“exgress'ion-us increased .less dramatically (X = 181%, s =

36%) which is not surprising since 1:‘15 also expressed on
® .

resting T-cells.

| v B &
]3.5.2‘ FAMILY DATA, _ / : g _ e

To find whether the determinant recognized by NFLD Hl

| vls)ﬂlc aned and inherited in a Hendelfln’r’shﬂan. T- lnd




. > PHA-BLAST/RESTING T CELL X 100% . 87

\ e GCELL + 2007 400 630 800 1000
L ! L rie

. A
= e
'F|gurz 16. Effect of PHA-stimulation of T--EeTls on their
reactions n./th MCAB. PHA-blasts derived from the fame
population/as the resting.T-cells were tested with each MCAB ’
e in CELISA. The Adj. OD value for .each MCAB was expressed as a

percen/t of thE"AdJ. 0D b‘Eﬁ‘_Inedv for the: same MCAB mn equul’
7 é
numh)ers of resting T-cells were used.
\ +/ DR = ATAB-DR (1/800); ML& NFLD.M1 (SN); T8 = OKT-8

(1/100) &




3.6.28 ’dnterp'rentinn ‘of Data ' 2

0 ;“ !
B-lymphocytes from 20 members of 4 families were reacted with

NFLD.M}. ATAB-DR and OKT-3 MCAB were included as positive
controls in order to evaluate the purity of each cell

population.

3.6.2A Quality of the data. ) . P

The dat[ for the B-lymphocyte preparations were genér-

ally ‘better han those for‘the'T lymphocyte preparations. The

[ 0D values " fnr ATAB- lHt”& B 1ymphucyres were always .greater

’,than 3 thnes background for each _ceil (X = 5.0, 75 .= 2:3)5

whereas the 0D values fo/r 0KT-3 + T-\]ymphocyte.s were some-
times less than .3 times b'ackground (X = 3.4, = l 4). The
pur1ty of the B-‘and T- Iymphocyte preparations was ascertain-
ed 1n the same way as described in sect1on 3.6.1A. It is*
apparent from .”'" data displa;yed in Figures 17A-17D. that Qdme

T,-lympmyte ﬁreparat1onsfwere ejther contaminated with

‘B )ymphocytes or that the T-lymphocytes were activated since

there was evtdence of DR expressfon in some of these papu'lat-"

‘lnns.qg( = 36.5%,,s = 18.2%). Howzver, T-lymphocyte contam!n-
. f B

.ation nva-lymuh‘ocyte preparations was generaily lower but

more variable (X .= 13.9%,s =18.2%).

— B E . 5

Fam_il1es 251 and 502 were potentfally informative for
HLA-DR4 and NFLD.M1 (Figures 17A and 17B_). A1l individuals of
Family 504 had a DR4+ haplotype, and al‘though not ir‘qformatlv'e'"




) —
I

F?g‘ure_LLA-HD.’ Reactions of MCAB with cells, from family

_members. B- and T-lymphocytes from HLA-haplotyped _neuh:'rs

of four families were tested with NFLD.M1 (SN), ATAB-DR
(1/100) .and OKT-3 (17100) in CELISA. The -Adj. 0D value for

. ¢
each MCAB + each cell was expressed as a percent of the

S';p}“opﬁgpusit!ve control. . . -
§-lzmg’hocztes: » T-lymphocytes:
o - NFLD..M1/ATAB-0R .o- NFLD.Mi/ATAB-DR
W~ = OKT-3/ATABSDR - '@ = ATAB-DR/OKT-3
§ T ’ » -
T P v
%o . I




FAMILY 251

& = AY,C0,87,002,-,0Qv1
b = AJ11C4,B3S,DN7,v83,00w2

© = A3,C4,835,002,-,00v1
d = AL,C2,a63,0M,-,00w3

B Tymohotytes

T Tymphocytes

mYX40rurT

% ATAB-OR

% OKT-3

10 20 300 40 50 €0 70 B0

10 20 30 40 50 60 70 80

7

FAMILY 502

6,DR1,=,0Qv1
4,00 ,¥83,00v3

© = A24,C7,B7.,DR2,-/DQv1
d =.A31,C0,344 DA%, DQ%*

B iymphocy

T iymonocytes

mu<—dorI>x

% ATAB-DR '

% 0KT-3 °

10 20. 30 40. 80 €0 70 80

10 20 30 40 50 80 70 80
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FAMILY 504 |-
|

H <o z,0 00200 { i

£ € g A29,C0.044,007 083 00w2 I

5  lymonotytes T lymonocyier 1

i | % ATAB-OR % OKT-3

E| 10 20 30 40 50 60 70 80 10 20 30,40 S0 €0 70 80
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FAMILY 503
o R7,w53.00m2 © v A28, 12, v52,0083
H T o+ 032,00, 0003,00012,082,0801
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_ NFLD.M1 with the T-cell fractions. . %

g & 3 92
for 1inkage, they were usefut1n confirming the DR4 and
NFLD.M1 association (Figure 17C). Family 503 did not have Va
Dkif haplotype but did have ‘DRNSS"DQH]’ cells and DRw53-DQw3+
cells (Figure 17D). Tlhereiore. if NFLD.M1 were associated
with one of these molecules then cells from th"ls family would

be very 1nlnraaﬂve.

The reactivlty ?f NFLD.M1 with the DR4 positive B-lymph-
ocytes in Fl-“y 251 was un!xpectedly Tow, and with the
exception of the. third fndividual (genotypea bd), this could
‘not be expla1ned by T- lymphocyte cuntam‘lnat1nn. However, cha
d haplotype in this family 1s unusull because it lacks DRw53,
which was found in assoctation with 97.4% of DR4+ cells
analyzed in the Ninth International Histocompatibility
Vorkshop (LePage et al. 1984). There was.no reaction Sf

Family 502 was the most informative but nnfnrtunately‘.
the maternal B-lymphocytes (genotyped cd) were not DR-typed,
s0 1t'nn't_knoun for ‘certain if bd, homozygous at t‘fge. HLA-ACB
lor.i: is also. homozygous for DR4,w53,0Qw3. Thesej_ céjl_ls gave
the strongest reaction with NFLD.MI, 80% rei:th;fty as
compared to 35% reactivity with the paternal cells..T-
lymphocytes with the same hap_lot,vpes gave a?\ intermediate
reaction with NF_LD.ITI.'TMS‘ WII; possibly be-due to increased
DR éxpres‘sﬁon on the T-iymphocytes or B-lymphocyte contamin-
ation since ATAB-DR reacted significantly with these cells.

In Family 504 (F|gljre 17C) all cells expressed DRQ,&I’SJ.
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DQw3 and all reacted with NFLD.M1. However, some of these
reactions were prnbap\y depressed due to impure prepara-
tions. The positive reactinns of NFLD.ML w1th the T-1ymphocy-
tes were most 1ikely a reflection of incréased expression of
DR on these cells or impure preparations.

None of the haplotypes in Family 503 included DR4, but

did include DRw53 and DQw3. T?!e B-lymphocytes which appeared

to have minimal T-cell contami}'ation, were negative for

NFLD .Ml and the T-lymphocyte suspensions, all of which

_reacted with ATAB-DR, were also negative for §FLD.M1.

~~ The family data taken altogether were compatible with
the idéa that NFLD.M1 reacted with DR4+DRw53+DQw3+ cells, but
not with DRw4-DR53+ cells, nor with DQuw3+DR4- cells. in
Famﬂy 592 the reactions of NFLD.Ml appeared to segregate
with the DR4,w53,0Q03 haplotype. Al11 HLA-ACB ant‘lge‘ns known to
be express'ed,o‘n the immunizing cells were representéd in this
set of data. Since NFLD.M1 did not react satisfactorily with
any of the T-lymphocytes, 1t is unlikely that a Class’l

epitope .is being recognized by NFLD.M1. Howevér. in view of

the poor quality of the T-cell data this is stated with a

certain degree of caution.

3.7 Serological Reactivity on B-Cell Lines

The serological pattern of NFLD.M1 on the peripheral




. * 94
blood B-cells was consistent with that of an HLA-DR4 antibody
with very little crossraac“tivity: This contrasted with the
extra reactions seen with some B-LCL, particularly GM3190
(DRw6) and GM3160 (DRW12) 'dur'ng/the screening and selection

procedures (Section 3.3 this cha;;tzr).

3.7.1 Titrations

- To confirm the specificity and analyze the extra

. reactions, NFLD.M1 (purified from ascites f"l'n‘ld), NEI-la and

an irrelevant mouse IgGl were titrated using doubling.
dilutions (5 hg)m! to 0.3125 pg/ml) against a panel of 19 LCL
which |n‘:luded HLA-DR antigens 1-w8. Five u’g/ml was chosen as
the maximum concentration because that amount appeared to
saturate the determinants on most cells (Figure 12. The
results of the titrations (T_lMe”B) clearly showed that an
1rrelévant ‘mouse IgGl, even at ‘5 ng/ﬁl. did not~bind to the
cells nun:spec!ficnly. NEI-la reacted in a :on:entrat{on
-de'pendent 'ngmer with all cells. nFLD.lil, ho\gv;r- prc‘)duced
highly variable results as’éin be seen from the standard
deviations (Table‘s) which 1is what one would expect from an

antibody recognizing a polymorphism.
N

3.7.1A NFLD.M1 titratfons ' =

There was a di§§1nct separation between clear positive
‘ . :
{
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Table 8. Statistical Analyses of Titrations i
. N
— /4 il
—  NEI-la - 1g61 NFLD.M1
[Antibody] LRI T | s X s
5.000 ug/ml 1476 276 138 28 a28 389
2.500 ug/ml 1337 256 159 25 364 352
1.250 pg/ml 1157 214 172 ‘29 310 280
0.625 ug/ml 1023 187 154 26 242 189
0.313 pg/ml 731 - 138 138 21 247 144
* =00 x10-3
o
. N
-
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(DR4'+ cells) and negative reactions (DR7+ cells)._fn the
NFLDLM1 titrations (compare Figure 18A yith 18F). When the
results of the titrations for three DRM/“B-LCL were plotted
(Figure 18A), d¢ifferences in the strength of the reactions of

.
NFLD.M1 with each cell, particularly between GM 1905 and

LICR-LON-HYM2 (LICR-) were apparent. Although both -’cellj were

L 2
typed HLA=DR4,w6;w52,w53; DQwl,w3, they may still be HLA-D .
dissimilar since both- DR4 and DRw6 are known to have several
different subtypes.

The separation between positive and negative cells was

-not as’ clear for DR4-5+ and DR4-6+ cells. 'The titrations

against DR4-5+ and DM-6+ lines (Figures 18B-18C) were,not- as
strong as those ‘observed for DRh cells; nor were they..
clearly n‘_eggtLv,e_'even at 0.3125 ug/ml. Reactions with the
remaining r.glls were weak with some““&eacting a‘t hil_gh concent-
rations, but titering to values similar to thvus'e obtained for

1961, (Figure 18D), whereas others were considered negative

‘(Fignres 18E-18F)., The lowest rea‘”ctions were obtained for

DR7+ cells (Figure 18F).
The titrations were divided into three groups on the
is of their reactions with NFLD.M1: positive (DR4+),

/yintermediate (DRE-| DRE#/DRM), and negative (DR4-DR5-DR6-)..

Hhen the mean and standard deviation for each group was.
calculated, variation within ‘uch'group was .apparent,
partic'ular}y in the DR4+ group, (Table 9). Th’is was mainly
due to the high reﬁtlv{ty 79( NFLD.M1 uith GM 1905 (DR4,w6) °
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Tab]_e 9. Statistical analyses of WFLD.MI titrations against '

sthree groups of cell Tines in CELI'SA. The’rgsulcs are given

as AdJ.00% values

kY

)
- : b
DRé+ DR5+/DR6+ other
[NFLD.MH1]
i
ug/mi X s X s X s
g
5.000 1172 405 " c453 112 L
2.500 1005 451 375 74» 212 36
1.250 0 794, 433 303 w2 171 44
0.625 599. 236 223 21 150 19
b
0,313 524 165, 234 32 176 24
+ 0D x103 .
’.
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as discussed garlier in this section.

s .

3.7.18 Relative reactivity of NFLD.M1 to NEI-Ia

" The data fon NFLD.MI titrations were next analyzed
relative to the nEl-lja data for each of the three groups of
cells. The relativé reactivitiés for 14 titrations are give‘n
in Table 10A-C. The distinctl_o‘n between the DR4+DRS+/DR6+
qél]s ;ud DRA_-D\V/QRS# was more obvious then those displayed
in Figures 18A-F. B . ‘ -

3.7.2. Specificity testing on cell Tinmes

Duplicate testing was performed on 42 B-LCL in
CELISA with NFLD:M1B (purified from ascites fluy1d). and NEI-
-la using 56 ng MCAB and 5 x 104 cells/well. fu’lt;u'e medium
lus 1ncluded as background control. The Adj 0D for each was
culculated and 1f 1t varied from thq -ean by, more than 15%,
. the test was reJe:ted.

A Frequen:y Distribution of the Adj 0D values |n
Taple 11 showed that the 0D-values for NEl la reactions were
nornally d‘lscributed (Figure 19) ., The vnues ranged from
,0.‘515 =1.863 ( X = 1.253;. s = 0.307). Furthermore when‘ the
DR tyves-a’re‘ examined across this distribution, 1t 1s evident
that. there s no particular rehtionsh!p”to'he seen bqtueen
any DR type 1n:lud|n§ DR4 and any pa‘rt of the djstrs{uunn of

values. However, NFLD,M1 reactions were distributed bimodally
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Table 10A. NFLD.M1 Reactivity with Group 1 Cells (DR4

positive)
Cell lines " j
HLA- o GM1905 - 'LICR. GHl488
DR 4,6 4,6 4,5
DR 52,53 52,53 52,53
DQ 1,3 1,3 -
[AB]
ug/ml * React‘ivity' X s
5.000 .9 56.3  60.0, 66.1 13.8
2.500 80.4 44.5  54.6  69.8 18,5
1.250 L 75.4 s5.1  39.9  ,56.9 17.8 -
P b ’ . .
0.625 69.6 35,6 37.8  47.7 " 19.2
0.313 59.6 44,1

51.4  51.7 7.8

* Adj. 0D for NFLD.M1 x 100%

Adj. 0D for NEI-Ta _
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Table 10B. NFLD.M1 Reactivity with Group 2 cells (DR4
. negative, DRS or DRw6 po’sitive)
- 3 - 3 \ ’
Cell lines
HLA- 'GM3190 GM3160 GM4672 GM3106

DR 6,6 12, 5, -5,5
- DR 52° 53 53 53
DQ A gl 3 3 1,3
[AB] v
. ug/ml % REACTIVITY* % 2s
“ .
5.000 . 19.8 24.4 18.1  25.3 21.9 3.5
2.500 % 18.1  21.2  13.7 16.9 19.7 3.9
1.250 15.0  14.3  12.0  15.5 14.2° 1.5
0.625°  12.1 8.1 7.0 6.7 8.5 -2.5
0.313 7.4 21.2 9.3 6.1 11.0 6.9 .
* Adj..0D for NFLD.M1 x 100%

Adj. 0D for NEI-Ia




Table 10C. NFLD.M1 reactivity with group 3 cells (DR4 o
\_/ negative, DRS negative and DRw6 negative)

Lell’ lines -

e, .
N HLA- GM3161 GM1455 GM1913 GM3104 GM3163 GM1032 FS5059
——\\\ DR - 2,2 2,8 3,8 Tl »7.7 3,7 1,7 o R
> DR - - 52, - 53 52,53 53
DQ 1,1 Ty s Ll 2,2 22 152




o

¢ %001 X TH Q14N 403 GO [PV
- . . ) \
62 S°§ 9°¢ ity 0 6v €8 €L ¥L
E1€°0 £°1 ST 0 s°0 0 1 8t €1 2'E §29°0
v v 0° %0 , 0 I't €6 '8 2L 08T
' v, 90 b ¢ 0 62 6°0T 00T .§°L
% 005°2 9's  L'9 0 se 0 T EIl TET 911 000°S
s X ¢ afatataoeay s Lu/6n
: v . [av]
- - 1 g I
N A
‘ \
.

i 650554 Nnawza €9TEND YOTEWD ET6THD SSYTHO TITEWD ~¥1H

SaubL 119

panuijuod “)Q1 319eL




109 °
Table 11. CELISA results from testing 42 B-LCL 'iga‘l\ﬁst
NFLD.M1 and NEI-Ia

4§ .  HLA- Adj. 0D
cell DR DR DQ  NFLD.M1 NEI-la  %R*
o : poe

. , 3
GM3104 1,1 1,1 11 - 1428 7.8
GM1810 1,8 52 by o 182 1305 9.8
] ‘13 N T ‘597 13.2
M 1,3 52 1,2 19 1017 Wt .
FS5059 1,7 53 _ 1,2 .12 860 0 )
GM3161 2,2 1,1 186 1283 - 15.2
M3107 2,2 1,1 306 1070 28.6 ;
GM1861 2 1,3 - 244 1642 14.9

R EC 24 1 286 * 1467 19.5
EA 2,3 52 1,2 9 1027 9.3
T MC 2,3 52 1,2 7219 1526 14.4 :

FS3029 2,3 52 1,3 161 541 29.7
cAk 2, 53 1,3 295 w0 w2 -

v sC 2 53 i,3 387 1466 26.4 . o f
GM1s53 2,7 53 1,269 1101 6.3 «
op 2,7 53 L 154 1801 8.6
GM1455 2 1,3 143 827 1.3
LR 2,9 53 1,3 © 149 1853 8.0 - . 4

’ .




5 Table 11. continued L J
#
cel R DR DQ NFLOLMI  NEI-Ta %R
s R
GM3098 3,3 52 2,2 242 914 26.4
. MB. 3,6 52 1,2 115 1469 7,8
. GHIS26 6,7 52,53 1,2 0 1387 0
) “emi03z 3,7 52,53 2,2 87 981 8.9
GMI913 3,8 52 2,3 206 1232 16.7
LLICRF 3,10 52 iz 73 1841 4.0
. . Mo 46 52,53 1,3 865 1109 78.0
TP L4 53 1,3 724 171 61.8
w0 ,2) 's3 3,1 744 996 74.7
T~ GMI559- 4,2 53 3,1- 7802 “1237 64.8
i KH 4,3 53,52 3,2 795 151 69.1
. s8 4,3 53,52 3,2 632 4190 53.1
GM3356 4,5 53,52~ 3,3 781 913~ - 85.6
GM1488 - 4,5 53,52 3,3 740 1330 55.6
BC 4,5 53,52 3,3 896 1588 56.4 4
GM1905  4,6- 53,52 3,1 737 1331 55.4 "
L.LON 4,6 53,52 3,1 780 1363 57.2
. 3
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_Table 11. continued

DR DR

cell DQ  NFLD.MI  NEI-Ia %R
(" - ’
GM3105°' 5,5 52,52 3,3 159 121 14.2
T 3 229 1265 18.1
GM3160 < 12 .52 ' . 3 434 1639 26.5
GH3190° 6 52 1 342 1231 27.6
. RB 6,7 52,53 1,2 92 YT 7.7
6M3163 7,7 53 2,2 -13 1600 0
K0z 9,9 53 3,3 8 T 1587° 5
* %R = Adj. OD NFLD.M1 .
Adj. 0D NEI-Ta X 100
\
T
¥
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Figure 19. Frequen"c'y distribution plot of the Adj. ﬁ) =

values for 42 B-LCL tested against NEI-Ia and NFLD.Ml. Each
& bar represents the number of cells in each interval and

within each bar are the DR types of the cells.
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‘with only one B-LCL producing a value in the overlapping

" 13

interval. A1l cells in the.-high 0D group were DR4 positive
and all of the remaining cells were DR4 negative (Flg;re 19).
A J The bimodal distribution was even mo‘re sharpiy defined
when the NFLD.M1 results expressed as a pe‘rcennge of
cherNEl-la results with the _saye_jells were plotted (Figure
20). Only- :ell; expr:s;ing DR4 showed greater tna‘n 50% of
NEI-Ia reactivity while DR4 gne'gnive cells showed less tha‘
30% of NEI-Ia reactivity. pe/;.ause no cell produced va‘lues, in
":'the intervals between 30% - 50%, 30% was chosen as a cutoff
point for negative reactions. Heterogeneity was also apparent
in the negative reactions and this will be discussed in

Chapter 1IV.

3.8. Statistical Amalysis of NFLD.M1 -

P
Using the 30% cutoff described above (F_!gure 20) ‘and

the data presented. in Table 11 each of the 42 reactions was

graded positive /or negative. A correlation analysis betwggn
NFLD.M1 and each DR and DQ antigen was done as described in
Secifon ?.6. Chapter II. The probability [0} nnhal:uuted
using Fishers Exact test. NFLD.M1 was in complete concordance
with DR4 (P = 0.2 x 10-9), (Table 12). In addition there was
signific}nt correlation with DRwS3 (r = 0.54; p = 0.3 x 10-3)
and DQw3 (r = 0,57 ; p = 0.16 x 10-3) but thils was not -—
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”F1gure 20._ Frequency distribution plot of the % relative

reactivity of NFLD.M1 tested against 42 B-LCL. The % relative

reactivity (% NEI-Ia Intemvals) is expressed as:

Adj. OD NFLD.M1
Adj. 0D NEI-Ia

Each bar represents the number of cells in each interval and

within each 'bar are the DR types of the cells. more clearly

x 100

the bimodal distribution of NFLD.M1.
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Table 12. Correlation of M1 with HLA-D Antigens LS

+4 +- -+ - !
HLA- | a b ¢ 4 T r x2 »
DR1 0 5 11 26 "4 -0.22 0.77 1.2
DR2 313 8 18 -4z -0.16 0.25 0.20
DR3 2 1w 8 a s -0.42  0.25 0.22

—

OR4 11 0 0 31 42 .+1.00 37.00 0.2x10-9
DRS 3 3 8 28 42 +0.22, 0.87 014
DR6 3 4 8 27 42 +0.17 0.39 0.19
DR7 [ 11 24 42 -0.27 1.58 0.78
DR8 o 2z 1 29 42 -0.13 0.002 -~ 1.62
DRY 0 .2 11 29 .42 -0.13 0.002 1.62
DRI10 0o 1 11 gb' 42 -0.69 0.003 1.48
0q1 - 6 23 5 8 42 -0.19 0.69 0.14
Qw2 2 14 9 17 42 -0.24 1,49 0.088
DQw3 11 11 0 20 42 +0.87 11.10 « 0.2x10-3
DRW52 8 16, 3 15 42 +0.19_.0.74 -0.14
DRW53 11 12 0 19 42  +0.54 9,96 0.3x10-3
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unexpected since both these determinants are strongly
associated with DR4.

3.9 Comparison of NFLD.M1A with NFLD.M1B

Testing of NFLD Ml on per1pheral b]ocd B- and,{T

cytes was. done using supernatant obtained from the tbnce

lympho-

cloned culture (NFLD.M1B), whereas most of the testing on the
LCL was done nsing 5 \lg/m] purified anhbody from an ascn:es
induced with once cloned cells (NFLD.M1A). To test whether

both" were recogmzmg the same antigenic determinant, and

also to see if the more concentrated M1B produced higher 0D

vﬂues» both for"ms ‘of antibody and NEI-Ia were tested in

¥ pardliel 59 a panel of -cell lines. The adjusted 0D values uf’

each NFLD.M1 ‘t.est were expresrsed as a percentage of the.
adjusted NEi=Ia 0D value ‘(Table 13). .

Beca‘use NFLD.M1 distribution was shown to be bimodal |
(Figures 19 and 20), the correlation coefficient '(P) was

calculated using Spearman's rank ,order method -and the

ignificance tested using the Student's t test as descr!bed_
ictio'n 2.6, Chapter 1. The results showed ‘that overall
t‘_hev‘r‘ie was real positive correlat‘:ion’ between M1A and M1B fn
their serological reuctivity-ou 23 LCt (s/ignificant L ai
0.01, 2 tails, 21 ‘degrees of fﬁeedom; = 2.831). : ) Sl N
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with various cell 1lines in CELISA

5y
Table 13.-Cnmpu\|son of reactions of NFLD.M1A and NFLD.M1B
P

t
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-
NEI-Ta. M1A s
cell oR. 00! 00 - xR2 0 R )
2 ~
xo0z" 9,9 1082 5. 71 o e 7.
GMISS3 2,7 1093 69 s 6.3 31 2.8 _
LR 2,9 1724 149 8.6 T 149 8.6
uv'/ 2,7 1801 156 8.6/ 79 4.4
cH 1,3 1017 119 . 11.7 70 6.9
o 1,3 597" 78 13.1 39 6.5
MC___ 2,3 1526 219 14.3 267 17.5 )
GMI032 2,3 678 132 15.8 a7 . 5.5
e, 2,2 ¢ 1487 282 19.0 277 18.5
G361 2,2 972 T 193 19.9 192 12.6 -
GM3160  5(12) 1177° 239 20.3 293" 24.9
GMiess 2,8 723 ‘162 22.0 123..17.0
sc 2,5 1466 386 26.3 338y 23.1
GM3098 3,3 914 250 27.4 176 19.3
Fs3029 2,3 541 151 27.8. 110 20.3
GM3107 2,2, 1070 306 28.5 { - 210. 19.5 B
GM3190 6,6 1309 aae 3309 \ as 38
—
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.
" Table 13 coptinued e
. .
- w NEI-Ia ~ MIA \ M1B
cel) J bR oaoopr . 00 %R }_' 0D %R
. et
v . & % )g N [ 4 i
61905 4.6 50 551 -, 52,4 646 61.7
BC - 4,5 1588 897 " 56.5 989 62.3
TP 2,4 1172 72.5 61.9 719 #61.3
KH 3,4 152 795  69.1 799 69.4
ML 4,- 1109 865 78.0 835 75.3 .
A L 4
GM1559 2,4 1237 1102° 89.0 813 65.6

. 3 “

i
1 Adj. 0D x 163

2 %R = Adj. 0D NFLD.M1- x 100% 5w
~"Rdj. 0D NEI-Ia

¢ %
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3.10 One Dimensional Gel Electrophoresis

NFLD.M1 and NEI-Ia ue;e used to immunoprecipitate
‘25l-label1’ed molecules from a cell lysate prepared from a
DR4 ;6 cel~l line (GM 1905) followed by SDS-PAGE analysis lyld
autoradiography as 'described in Chapter II. ‘Each'of the F‘H:_Al'
h.nmur!oprrecipnned subunits that were in.the mule:ﬁar weight
range of 27-34 .Kd (Figure 21), wy‘lchAcorre ponds to the
molecular weight of the beta and alpha subuni\ .of the DR
camplex. A ne‘gative control monoclonal immunogiobulin (mouse
1g61) and an anti-hnmgn' lg antiserum did not precipitate
'simi’lar’ co‘-plfxes. The molecular weight markers showm in
Figure 21 are BSA (67K),.ovalbumin (83K), & chymotrypsin (28K) -
and Blactoglobulin (18.5K).
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67K

43K

-—26K

-18.5K

12 3 4 56

Figure 21. SDS-PAGE analysis of the immunoprecipitated
molecules from 1251 1abelled GM1905 cells. Lanes 2 and 5e
NFLD.M1; lane 3, NEI anti-Ia; lanes 1 and 4, negative
controls, murine Ig6l and anti-human IgG, respectively; lane

6, molecular weight markers.
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CHAPTER IV DI SCUSSION

,4.1 Glutaraldehyde-fixation of Cells “Induces Artifacts in
ELISA for Testing Monoclonal Antibodies

The adaptation of an ELISA that used target ce'l‘ls stuck
to p]as\'t‘lc with po]y-L-Iysine_and‘Hled 'w1th glutaraldehyde
(Stocker‘ and Heusser 1979; Suter et al. 1980;/ Cobbald and
Waldmann 1981 '; Kennett 1981) at first seemed .alter-
native to the radioimmune assay. However, it had _to‘be
abandoned in-favor of a viable oell assay (CELISA) for two
reasons: 41) .the glutaraldehyde fixation caused frrelevant
myeloma proteims to stick to t‘he cells non-specifically, and
2) it modiffed or destroyed some HLA determinants. - 8

Since non-specific 51mﬂng was to the _cells and not to
the plastic, this suggests bindin‘g via Fc-rece?tnrs with
perhaps some Fc-receptors being preferentfally exposed by the
glutaraldehyde trutmen't_. Alternatively, it may have been
_caused by zlectrostatic binding. According to .Emmr‘lch (1985)
the latter can be oveugme by 1increasing the salt concent-
ration in the wash buffers u;thnut losing sensitivity in the
detection of low-affinity antibodies.

Assumllng that there is a solution to non-specific

binding,.ELISA on GA-fixed cells would st\ill be unacceptable

r
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for testing hybridoma supernatants. The data pr:esented in
this thesis cle;xr)y shows that~GA modifies and/or destroys
some HLA-D region molecules. This .effe:t of GA-fixation
apparently r‘esul'ts from modification of epsilon-amino,
§uan1d{ne,l secondary an;ino and hydroxy! grn‘ups of some
amino acids with tyrosine, lysine and histidine being the
most suscéptible (Habeeb 1969; Ho;’zgavnd 1972; Pancake and

' Nathenson 1973). As’ early _as 1974 Qatt’1 et al. reported that.
gIutaraldenyde-ﬂxatjon‘.’cf murine cells results in selective
impairment of H/,~/2/ antigens. This was confirmed by Bubbers and
Henny (1975) w’ho found that although GA-treated mouse cells
still retain their antigenicity as measured .by cytotoxicity
and T-effector celjls, they are unable to stimulate in D&C,

Several oti2r reports deal with the effects of differ-

‘en\‘concentra;hns,a‘nd fixation times. For example, Baron et
al. (1977)>shoued that there is a concentration-related
destruction of HLA-D determ_inants with.a 50% loss using 0.08%
GA. They suggest using 0.24%, a”‘conce’n’tration lthat was also
used by Landsdorp et al. (19804-.'0ther fnv‘estigators have
atso urged cautfon with respect to the concentration, and
durat|ov! of glunrar,Ldohy’de-NnHon (VSn E:ij et al. 1980;
Liao et al.\l933': Beelan et al, 1984). A recent report by
Walker et al. (1984) 1is especially rs\evant. Usi-ng monoclonal
Fntihodies 'Inclu\ﬂng NEI-Ja in several assays, they showed
that irrespective of the species, tissues or cel.l types uses,

fixation by formalin, glutara.l‘dehyde, wmethanol, and ethanol

R .
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alters or dest_'r/oys .Class I1 antigens. The least damage s
done when ceHA preparations are  fixed quickly with cold
acetune.‘ . ~

In contrast to these negative findings, there are
several recent reports in which identification and character-
ization of HLA-D region monoclonal antibodies by ELISA on
GA-fv‘lxed cells have been described. Holzmann and- Johnson
(1983) used an I1gG3 monoclonal ‘antibody to HLA-DR3 tf; analyze -
antigens on individual cells that had been fixed‘.wit'h
glutaraldehyde. Shannon et al. (1984) using both: RIA.gndv
ELISA on 0.25% GA-fixed cells identified and characterized an
*1gGl monoclonal antibody to l?l)w:l. ‘In %sﬂghtly different
system Bishari et al (1984) used alloantisera in an ELISA on .
GA-fixed cells, to d‘lst/ingu‘lsh between’HLA class I homozygous
and he‘terozygous cells.

It can be seen ther/efare,‘that there are numerous
variables including the test systems, th; source of ﬁnbody
an; antigen, the glutaraldehyde concentration and the '

= ‘durac‘*lnn ‘of fixative. Glutarxldeﬁyae does not appear to -

_affect all antigenic determinants to the same extent. presum-

ably this .is related to the amino ac1d compos1t1on of the

different determinants. Oeleterhus effects resu\t\nglfrom‘
the fixation uﬂl be more obvious with monoclonal ant{bodies
‘ than with hy_p_er-tmmune antisera because the ’mlxtu[e of
polyclonal antibodies 1s less likely to reveal the obliter-

‘ation of some epitopes on ,some. molecules since some. anti-
2 A & A
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bodies may 'still bind to epitopes that ha‘ve‘nat _been altered.
Finally, the possibility that unreacted aldehyde groups
associated wl}th the cell surface mﬁifies th; combining site
of the antibody due to changes in the heavy chain should also
be considered. It is particularly intriguing that most of the
monoclonzl antibodies described above t‘hat’f were succes’svfully
‘Ident‘lfﬁed or characterized in ELISA using GA-fixed cel_’ls are
all of the IgGl or IgG3 subclass. &

4.2 Assigning Sp_e‘cif'l:'lty to IIFLI;:NI

The two sources of antibody, NFLD.MIA (‘Burified from
ascites fluid derived from the éirst clone, 63) and NFLD.M1B
(ovgﬁgrnun supernatant frolq the subclone, lhl), used ‘fovi_the
specificity testing are most likely idénticaT. Interpretation
of the clon{ng results; (Seééion 3.4, Chapter 3) using'thé
Poisson distribution suggests that. each was‘ derived from a
single cell, Additional confirmation of 1dgr‘|~t:lty was obtained
when both sources of antibody produced very sir!lilar curves
when titrated against GM3190 cells (Figure 15). Parallel
testing of both isources of 'antibody on several cell_ Hne‘s»
_(Table 13) produced fairly anc.lu‘si\ie evidence that both
;ources of antibody were reacting with the same epitope.

With thg-excepéinn of a uéak reaction with B cells from
one Tndividual (DRw6w8), neither source of NFLD.M1 reacvvted

with any cells that were DR4 negative but each reacteq with
. ; :
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all cells that were DR4 positive. The CEI‘.ISA data on PHA-
blasts derived from the same T-cells that were non-reactive
with NFLD.M1, were compatible with the‘hypothesis that
- NFLD.M1 reacts with DR4 molecules. The only positive react-
ions were with PHA-blasts from the same individuals as were
the three posinve B-cells and all of these were DR4 posi-
tive. It is 1n£erest1ng that whereas B cells typed DRw6,w8;
w52;DQwl weré moderately reactive with NFLD.M1, PHA-blasts =
fr;)m the same,v’&anor were clearly. negative.l This suggests thfn
the B cell results-may not have been due to rea:H_ons‘v‘H‘th
DR molecules. It is possible, however that the reactions may
have been due to DQ or DP molec*]es since both these mole-

cules are only expressed on a subset of activated T-cells

(Brod¥ky and Radka 1985).
.
The broad polymorphic pattern seen in the prel|m|nar_~

screening and selection procedures in which.mainly B-LCL were'
used as target’s (Figure 10) fis 1n’cunfr‘ast to the DR4
association observed for NFLD.M1 tested with peripheral blood
B cells (Figure 14). The CELISA results obtained when 42

- B-LCL were tested with both NFLD.M1 and NEI-Ia (a monomor- .
phic<DR) also confirm that there are reactions with some
cells carrying antfgens other than DR4 (ﬂ’gur‘e‘s’lSA—lBF). Yet
m{ew- ‘réactinns from all 42 cells were examined in a Frequency
distributione plot, it is immediately obvious that ‘HFL’D.Ml
reactions are clearly bimodal (Figu_rés 19 and 20). Only DR4
positive cells are found in the high distribution (56-90%) F
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with not a single DR4 positive cell in the low (0-30%)
distribution. For this reason 30% was used as a cutoff point
3 p

to separate negative from positive reaction§.

N ' .. = N {

4.2.1 NFLD.M1 and DR4 specificit' .
i~

.There is complete concordance of NFLD.Ml with the DR4
positive cell lines tested. However, since the DR4 cell lines
used to test NFLD.M1 were not MLC-typed,* it cannot be
concluded that NFLD.M1 recognizes a commdn epitope on all DR4
subtypes. HLA-DR4 comprises at least 5 different subtypes:
Dw4, DwlO, Dwl3 (DB3), Dwl4 (LD40) and Dwl5 (DYT) (Grosse-
Wilde et 'al. 1984; Jaraquemada et al. 1984). The subtypes
have' been identified using MLC typing (Reinsmoen and Bach,
1982; T_hampsen et al. 1983) and immunochemical analysis in
which alloantibodies and/or!monoclonal‘ antibodies are used to
immunoprecipitate D-region molecules followed by 2-D electro-
phoresis (Gronér et al. 1983; Ne'pom et al, 1983; Maeda et
al. 1984). The polymorphic differences that were detected-in

MLC have been related fo structural differences in the DR4

_beta chain and to a lesser extent to structural differences

in the DQw3 beta chain. Nepom et al. (1983) found five
polypeptides that corresponded to DR beta chain variation and

three polypeptides that.corresponded to DQ variation. Al-
- ‘o

\
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though Nepom et al. (1983), using neuraminidase-t’reated cells
showed that Dwd4 differed from Dwl4 (LD40) only by the
oligosaccharide differences, this could not be confirmed by °
Igarashi et al. (1984) who used tunicamycin to inh’ibit
glycoslyation. Analysis of the aminn_—termir;al part of the
polypeptide from Dwé4, led\and Dwl0 u;ing high performance.
liquid chromatography syggest\s that the difference are due fh
the polypeptide strur‘gure and not o\'ignsacc‘haride differences
e (Bach et. al. 1984). Recently, Holbeck et al. (1.985) ‘using
Southern blot analysis, have shown -that DR4 is. even more \\'
complex at the DNA level than at the protein level. B sy
There are three serologically-, efine‘& subtypes, Dlid.l,
DR4.2 and DR4.3. This classification is based on serological
pattergs that emerged out of the Ninth lnlerna!ional’ Workshop
data (Williamson et al. 1984; Dawkﬂins et al. 1984). ‘
The DR4.1 subtype correlates with Dwl3 and 40% ;f Dw4' H
subtypes, DR4.2 with Dwld .and 60% of Dw4 slvxbtivpes and DR4.3
with Dwl5 subtypes ( Noreen et al. 1985). Eventually, NFLD.M]
will be analyzed on homozygous DR4 1lines that have been
MLC-t,yped as well as ty;)ed for the serologically-defiued,

subtypes. v

7 4.2.2 Association of NFLD.M1 with DRw53

.
Since DRw53 is closely -associated with DR4, the signifi-
cant correlation between thi ’,,fpecificiéy and NFLD.M1 is ‘not
L v
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»

unexpected. The data obtaijd from the serolngi:al analysis

‘in the 1984 Histocompatibility Workshop showed that DRW5 3 s

. present on approximately 98 percent of th‘jo and w9+ cells

‘ (LePage et al. 1984). Two dimensional gel analysis of

molecules immunoprecipitated with alloantisera and monoc1onal
antibodies have shown that thé DRw53 molecule is composed of
the DR alpha chain and a beta chain that is distinct from the

. beta chains of 'M. DR7 and DRw9 molecules ( Suzuki et

al. 1989;’ Mukai et al. 1984; Maeda et al. 1986). - i
However, there is addttional evidence that a DRwS3
N epitope on homozygous DR7 cell Vines may reside a\@u on the
DR7 beta c)\ain. or possibly on both beta cﬁa!ns (Toguchi et
al. 1984). Xnowl‘es et al. (1984) and Horibe et a;. (1984)
using the DRw53-1ike monoclonal antibody (PL3) have performed
2-D gel analysis‘on 1mmunoprecip1t1ted molecules from a DR7
,\cell Tine have shown that the epitope recognized by this
monoclonal antibody resides on the DR7 ‘beta chain, whe reas
it resides on the_second beta .chﬁn on the DR4 cells. It
appears theréfore that there are subtypes of DRwS3.
Since’ neither of the two DR9+4- cell HneAs and none of
the seven DR7+4- cell .lines used fn this study reacted with
NFLD.HI‘T‘H is unlikely tha® NFLD.M1 reacts with the common

-

serologfcally-defined DRw53 allodeterminant. However zher

possIbH?ty that NFLD.M1 recognizes ,a DRwSJ epitope that
is present on DA4 cells cannot be excluded. If this is the

Lcase, it myf explain the low reactivity observed with sw

T RN
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53- B-cells of Family 251 (Figur; 17A). The putative DRw53
epitope on the DR4 cells woaid therefore be structurally
QAifferent from that present on the DRw9 and DR7 cef™ 1lines
that were tested and which actually gave the lowest values of
Sl\ 42 cell lines. This of cburse would have to be proven
bincherﬁicallyt.
-

4.2.3 AssociatTon of NFLD.M1 \vit,h DQw3 cells e n

Li?e the association of NFLD.;«! with DRwS3, the signifi-,
¢ant r and ‘p values obtained for an associa;.ian Petu‘een
NFLD.M1 and DQw3 are most likely related to the ppsitive
association 'between D@w3 and DR4 (Duquesnoy et al, 1984a). Of
the six DQw3+DR4- cellssvthat were negative for NFLD.M1, three
were DR5+, one was Dkw8.4 and two were DRwY positive, The
results for the latter three lines were clearly negative, but
the(three DR5+ lines produced values at the upper er:\:i of the
negativé spectrum. The  fact that NFLD.Ml did not reac‘t with
PBL B-cells includilng cells from a family 1in which both DRS
subtypes (DRwll and DRW12) m\a DQw3 were pr'esent saggests
that NFLD.M1 does not react with BQw3.
N It has recently been shown noweyer. that DQw3 s a b‘road
spec?ficit{ that*carries "determinants on DR5+ cells that are
different from those carried on DR4+ cells. (Ishikawa et
al, 1984; Tanigaki et al. 1984; Nunez et al, 1984; Giles and

Capra 1985). Furthermore, there are monoclonal antibodies

~ e i
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which detect different DQw3 variants associated with DR4+
cells (Kasahara et al. 1983; Igarashicet al. 1984; Bontrop et
al. 1986). Kim et al. (1985) using a monoclonal antibody to

TALO (DQw3 .1)_and regtriction fragment Tlength pn]ymorphi;m

*(RFLP) typing have shown,that DR4+ cells 1nith the same Dw
i * |

.

vfumily

speci ficity can have two different variants|of Dq.
Therefore, if NFLD.Ml is associated with a DQw3 determi -
= 1

nant that is only found .on «DR} c‘ells; it would be almost

9 «
impossible to prove serologically. Immunochemical means would —»—

have to be employed.
. , ,
\
4.2.4 Segregation of NFLD.M1 in families
¥
S .
© By reacting NFLD .Ml with cg]1s from members of four

'fa‘mi‘liesl I had hoped to show that NFLD.Ml segregated in a !

Mende 11an fashion/b;i(t'h nki positive haplotypes. Although
there were DR4 pasitive‘haplowpes in three families, t?’!e
data was less informative than” expected, mamy due to
technical proplems with some of the T-cell preparations.

Ong of _the most intriguing findings was 'that the DR4
imsitive_‘{;)_e'lls fron the rother (haplotype d) i l;'a'mﬂy 251
were negif‘.*lve for DRWS3 and'prod’u‘c_:ed reacth;r‘#s lower than
expected with NFLD.ML (Figure 174). It is possible that the
reaction, l}eﬂioen NFLD .Ml and DR4+ cells uerk low in this

a(ne to the absence of an53-rin this haplotype combima-
tion. Alternni&, NFLD.M1 may be recogniﬁng, 2 pariicular
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DR4 subtype. E¥entually, I hope to obtain more cel'ls from
this ‘amily, retest them in CELISA and antﬂyze themr imouno- . ¢
/ chemically with NFLD M1 and a DRw53 monoclonal made in thls
S )aboratury (Marsha]l and Drover. manuscript in preparation).
Although NFLD,M1 segregated with DR4 in Family 502 the
evidence woul have been more cnnc\usive if the maternal
B-ce11s had been DR-typed. Because all members of Family 5D4/‘
carried a DR4 positive haplotype, it is impossible to say that
NFLD Ml, which reacted with “all of the cells, segregatjwlth
. 5% uM Members of Family 503, on the other hand were all
E—’ negative for DR4 and NFLII].M»I. Taken altogether, t‘he family
data confirm an association™ of NFLI?.‘NL\nHIh DR4 and re_actxi\:-
vity with NFLD.M1 appears to segrfegate in a Mendelianx »
fashion. . ’
’ -
. <
4.2.5 Reac_t‘inlns» with DR4 negative cells ‘ ¢
' o~ AR |
.
F “Although there is‘ a clear deli_;‘eaﬂon between the
. K’r actions of NFLD.,M1 with DR4+ and DRA-lcellg, there are
Iﬁrt}r.\ r. rea:?fﬁ’ns\unh certain LCL that a're distributed in L e

'Me first: mod; (<30%). For example, when n»e DR antigens of

the cells thaf profuced-values of 15%-30% are considered,.
B they -are distributed as follows: 8/13 DR2, 3/10 DR3, 2/3 DRS,
o 1/4 DR6 and l//g_DRB cell 'lnes. However, DRl and DR7 ‘'as well”’

as the two 0RY’ and "the one DRIO  LCL consistently produced
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values less than 15%. This suggests that there is a determi-

nanti'on the ca!l‘ lines with 15%-30% reactivity that is
reactive with NFLD.M1. »

Although the nature of this reactipn is unr.lear,‘ the
data obtained from the_ Ntrlﬂon; of NFLD.M1 and IgGl against
cell lines (ngre lBA-lBF)'s‘uggest that it.is not-via Fc

receytars. Honever, Fe receptars cannot be eliminated unless

lestiug is carried out using F(ab)2 and Fc frugments prepnred
fron NFLD M1. Parham et al. (1984) found that Fab fragments.
F(ab')2 fragments and lor ‘the intact molecule can change the
alf‘1_n|t;; of a monoclegal ant’1bud& for."relate'd epitopes.
Since most monoclonal antibodies are.crossreactive
(Colombani !C’.Il. 1983%;. Bodmer. e{ al. 19#5»). it would not be
surprising if NFLD.M1 ‘was ﬂso‘ rucnn&yeakly nh;h a product
encoded in 2 subreglon other than DR. A monoclonal antibody
luy give extra ru:t{nns’because it recognues two similar

but distinct epitopes on the same or d”ferent molecules or

the sau‘ep‘ltopes o‘n different molecuie {Parham 1984). Such )

an ,ntibody,un sometimes be made “operationally-specific* by

dilut]ng lyvr';prhtely (Parham et. al. 1982; Sensi et
.

al. 1985). However, when NFLD.MI was titrated against several

cell 1ines and :ump’r:d to the.NEl-l'a titrated against the

same Hnes. the welk eactions observed with DR5 and DRw6 '

cells were not coppletely renoved by dilution. This suggests
‘that the extra reactions observed on ﬁlei‘e ’c\lls is not due

to A’:russrncnve eépitope. However, the extra reactions seen
v .
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with the mther ceHs ( DR2+, DR3+) decrease to background
levels-as the :qncentration of antibody decreases.
& Since there were fewer extra rea:nnns with the periphe-

ral blood B .cells than with the EBV-transformed cells, the

‘possibility that NFLD.M1 crossreacts with an epitope unique

to EBV-transformed B-cells should be considered. Cell “lines
are difficult to DR t‘ype accurately. This is usua\l_y.explain-
gd by ;.he presence of Class I-antibodies in the antisera and
the "enhanced sensitivity" of B-LTL to detect extra specific-
ities due to an increased number of HLA molecules (Trucco et
al. 1980). Recently, Stinchcombe et al. (1985) reported that
70;of their Cypings on B-LCL were discordant for NLA-B‘R and
that one of their DR4 antisera reacted with a unique B-cell
line antigen. An anti-DQw3 MCAB (2HB6) uhic}- was reported by
Shannon et :l (19_9@)'4)’90 gave extra reactions with cell
lines whereas it reacted primarily with DQw3+ cells when
peripherai blood B-cell‘!"\terg t‘ested. It is intgresting to
speculate that novel molecules, possibly related to cla‘ss n
molecules, may-be expressed on EBV-transformed cells. If
these putative molecules react with some DR/DQ antibod‘les.

the results can be confusing.

4.3 Future plans for NFLD.M1 | -

A‘lthfw'ugh the data presented here shows that. NFLD.M]
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reacts with DR4*positive cell lines, whether it recognizes aL

broad or narrow DM specificity has not been shown. As stated

- earlier the DR4 specificity apuars to be composed of several

subtypes. ldeally NFLD.M1 should I;e tested with many homozy-
gous DR4 cell Tineswyith different Dw specificities as well
as with many more p}riphera1 blood B cells from unrelated )
individuals as well as faniljes Jdnformative for DR4. If
NFLD.M1 recogniies all DR4 ‘molecules regardl‘ess of subtype, ’
it noul«li be similar to a DR4 ‘monosﬁecifi:’ al]oa_ntisgru:n_and
weuld be useful as a typing reagent'pariicularly if\ an 1962
switch variant were isolated (work ‘in progress).

It would also be useful to do further serological
anallysis including affinity ‘measurements (Mason et al. 1980
Parham 1984) using DR4+ cells as well as some of the cells
that were weakly reactive. To find out whether the weak
reactions are due to a classical antibody-antigen reaction or
via Fc-receptors or some other mechanism,‘it would be
necessary to prepare Fab fragments (Parham et al.“1982) or
alternatively.‘ remove the  Fc receptors by protease digestion
(Lobo et al. 1977).‘Inh|bit1~on studies, su‘ch as those
described by Parhavm et al1.1982) and'aroasky (1984), using
v"m\nospec”ic' alloanti-DR4 serum ‘and »other avnla;’le DR4
monnclur:als would be helpful in sorting out the DR4 speci-
«ficity and informative for epitope mapping.

Although l-dimensional electrophoresis (Figure 21)

is cons'istent} with the |mmu>noprec|p1nted molecules being DR
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subunits, the evidence is very preliqinary. Since the
molecular weights of D-region molecules are sim‘ll;;, subtle
differences would not be apparent. Two-dimensional gel
electrophoresis of the immunoprecipitated molecules from
homozygous DR4 cells and borderline positive B-LCL such
as GM3190 and ,éhSlSn would give further information about
the antigemic structure of the NFLD.M1 determinant. I would
éspecially like to EBV-transform B cells from informative
members of Family 251 with the DR4+DRH5§~ haplotype and
biochiemically analyze the molecules 1mmunoprec1p1tated with
NFLD M1 and other monoclonal antibodies.

Another very interesting possibﬂlty is to use this
monoclonal to study disease associations. Disease associat-
fons with HLA-D region molecules have been extensively
reviewed by Stastny et al. (1983). The association of
HLA-DR4 with several autoimmune diseases {including Type 1
.diabetes and rheumatoid arthritis was conhrmed during the
Ninth h\tern.at[onal Workshop [(Bertrams and Baur 1984;
Christiansen et al. 1984). There is some evidence that
different serolo’g1cal ‘subtypes of DR4 are’ asjochted with
different autoimmune diseases. T!.|e most common tyye. DRA .1 Is
found more frequently increased in rheumatoid arthritis
wherea_s DR4.3 1is significantly increased in Type I d‘labetSs
(Tait et al. 1984), os

A recently defined HLA-D associated antfgen, MCl which- =

sl';ows strong llnkagefdlsequ”fbﬂum with DR4 and DR1-1s also

A
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assoc‘iated with rheumatoid arthritis (Duquesnoy et a}. 1984hh
and ¢). This _Is particularly interesting because DR4-negative
rheumatoid arthritis may‘alsu be assoc'iated with DR1 (cﬁrist-
iansen et al. 1984). Another interesting finding is an RFLP
pattern ;Btained with a DQ beta gene probe-in the DNA from
Type 1 diabetes cells, but not from that of rheumatoid
arthritis. The pattern is concordant ﬂ? th; serulagi‘caHy
defined DQw3.2 ‘subtype (Kim et al. 1985)%
In view of these recent findings I would like to purify
DR4 molecules .from several different Dw subtypes‘. ‘ind raise
monoclonal antibodies to different determinants in order to
obtain Elﬂnclcnals recognizing DR4 splits. These would .
.ndouht;dly?ove useful in identifying DR4-specific epi-,
topes, if indeed they exist for diseases such as Type I
diabetes and rheumatoid arthritis. Such ant‘glbodie‘s woulfl also
be useful for isolating DR4 molecules from-cells of patients
wigh Type I diabgtes, rheumatoid arthritis or other diseases
in order to biochemically analyze structural differences of
disease-related epitope‘s.

-




List of References § o

Albert, E. and W. Mayr (1985) Brief summary of the Ninth

International Workshop. Tissues Antig{ns 25, 3-10.
3

. Bach, F. and K. Hirschorn (1964) Lymphocyée interaction: A #

/;{;‘tencial h’istacompatihﬂit@st in vitro. Sci. 143, . )

: & 813-814, - % — . 4 o
Bach F. ;nd D.B. Amos (1967) Hu-1: Major histocompatibility

=% locus in~man. Sci. 156, 1506-1508. N

Bach, F .J., Anichimi, A., Reinsmoen, N., Groner, J., Watson,

A., and M. Seg’al] (1983) Genetic and molecular analyses’
of lymphocyte~defined HLA-D region specificities. Human
Immunol. 8, 25-32.

Bach, F.H., Linner, K.M., Choong,’ S.A., and J.P. Gréner
(1984) Molecular polymorphisms of DR and DQ progucts.
In: Histocompatibility Testing 1984 eds. E.D. f
Albert, M.B. Bau and W.R. Mayr. Springer-Verlag, > ’
Berlin. (pp.348-358). .

. X, .

Bain, B. Vas, M.R., and L.' Lowenstein. (1964) l:he develop-

¥ ment of large nucleated cells in mixed leukdcyte
cultures. Blood 23, 108-116. 5 8
" - 2 0 - [
y .




138
Baron, D., Wernet, P., Schunter, F., and H. Wigzell. (1977)
DWtection and quantitation of human ‘la-type antigen
withdodin‘ued Protein A and specific purification
of intibuﬂe; against la-type alloantigens. Scand. J.

mellitus.

Beelan, R.H.J., Walker, H‘.S., and E.C.M. Hoefsmit (1984)
I/a antigen on cells is destroyed by some fixatives.
Cell Biol. l’nter. Reports 8, 188. :
Betuel, H., Gebun‘er, L., Schreuder, G.M.T., Goldman, S.F.‘.
= Villena, A.A., and Z. Layrisse (1984) Antigen Report:
. HLA-DR5 and its subtypes HLA’-_DRll and HLA-DR12. In:
- . Histocompatibility Testing 1984 eds. E.D. Albert, M.B.
- Baur, amd W.R, Mayr. Springer-Verlag, Berlin.
(pp.190-191).
CI < r
Bishari. A., Nelken, D., Bonavida, B., and C. Brautbar.
(1984). Enzyme -linked lmurosnrbent assay for deterlin-
-nHon of\HLA. gene dose’ effect Tissue Anngens. 23,
284-289.

L «
~

Bodne\r}‘!.}'. (1977) HLA: A Supergene. The Harvey Lectures
’ Series 72. 1976-1977. Academic Press, New York.




139
Bodmer, W.F. (1984a) The HLA system, 1984 1In: Histocompatib-

‘ilit'z Testing 1984, eds. E.D. Al\\, M.B. Baur, and
«R. Mayr. Springer-Verlag, Berlin. 1984 (pp. 19-22).

.Bodmer, J.G., Kennedy, L.J., Aizawa, M., Dawkins, R.L., Le-

Page, V., Mazzili, M.C., and P.Richiardi. (1984b) HLA-D,

region monoclonal antibodies. In: HistocompatibiVdity

Teshng 1984. eds. E.D. Albert, M.P. Baur, and W.R.-
Mayr. Springer-Verlag. Berlin. (pp.217- 236).

Bontrop, R.E., Schreuder, 6.M.Th., Mikulski, E.MA., van
Miltenburg, R.T.'! and M.J. Giphart (1986) Polymorphisms
within the DR4 haplotypes. Tissue Antigens 27, 22-31.

Boyum, A. (1968) Isolation ‘u’f mononuclear cells and granulo-
cytes from human bTood. ngnd. J. Ciin. Lab. Inves§..
21 (suppl.) 97, 77. -
Brodsky, F.M., P‘arham. P., Barnstable, C.J., Crumpton, M.J.,
and N.F(. Bodmer. (1979) Monoclonal ant’ibodies for
ana‘lysi’s:nf the*HLA system. Immunological Rev. 47, 3-61.
~ s
Brod§ky. M.F.‘(1984) A matrix approach to human class II
h‘istocompatibility antigens: React ions 'of four mojo-
. clonal antibodies with the products of nine hlplotzus.
. Immunogenetics 19, 179- 194.,

v




\

] 140

. Brodsky, F. and S.F. Radka (1985) Clas!ll antigens consider-

ed as tissue differentiation afk/ers. ASHI 9, 3-6.

= )

Bubbers, J.E. and C.S. Henny. (1975) Studies of the synthetic
capacity and antigenic exppession of glutaraldehyde

fixed target cells. J, Immunol. 114, 1126-1131,

Charron, D.J. and McDevitt, H.0. (1979) Analysis of HLA-D ~
" region-associated moleciles with monoclonal a'nvtibody.
Proc. Natl. Acad. Sci. USA. 66, 6567-6571.

Y

Charron, D.J., Lotteau, V., and P. Turmel (1984) Hybrid
HLA-DC antigens provide molecular evidence for gene
trans-complementation. Nature 312, 157-159.

.

Chien, Hv.H. and RF Ashman (1984) Rapid separation of human
'monocytes and lym“vhucytes by Sephadex G-10. J. Immunol.
Methods 71, 25-36.

Christhnsen,vF.T., Kelly, H., and R.L. Dawkins . Rheumatyid
arthritis. (1984) In: Histnqompat‘ibility Testing
1984. eds. E.D. Albert, M.P. Baur, and W.R. Mayr. S-

v

pringer-Verlag. Berlin. (pp.378-383). ]

\




. N
141
Claesson-Welsh, L., Barker, L. Larhammer, P.E., Rask, L.,
Ruddle, F.H., and P.A. Peterson (1984) The gene encoding
the human class Il antigen associat® c?ain is located
on chromosome 5. Immunogenetics 20, 89-43. -
\ ~

-
Cobbold, S.P. ana H.Naldmann. (1981) A rapid solid-phase
enzyme-‘linked,biuding assay for screenin? monoclonal

antibodies t'o cell surface antigens. J. Immunol.

Methods 44, 125-133.

Colombani, J., Dausset, J., LePage, V., Kalil, J. and M.
Fellous. (1982) HLA monoclonal antibody registry: a
proposal. Tissue Antigens 20, 161-171.

Colombani, J., LePage.-V.-'and J. Kalil (1983) HLA monoclonal-
antibody registry: second listing. Tissue Antigens 22,
97-106. - ]

Colombani, J., and V. LePage. (1984) HLA monoclonal antibody
registry: third listing. Tissue Antigens 24, 209-214,

N .
- :
Corte, G., Calalabi, F., Damiani, G., Bargellesi, A., Tosi,

R. and R Sorrentino (1981) Human la molecules carrying

DC determinants differ in both - and - subunits from

& ‘Ia molecules carrying DR d‘e‘tﬁrminants. Nature 292,

357-360. N \




2

Crepaldi, T., Richiardi, P., Malavasi. Fain C,rbonara. AO.,

“ and S. Ferroni. (1985) rr;e monoclonal ‘antibody ACI.59

defines anew polymcvrphic Ldeterminant on HLA-DR Tmole-
cules. Tis,s/ue Antidens 26, 25-34.

de Kretser, T.A., Crumpton, M.J., Bodmer, J.G., an‘d W.F. Bod-

. i mer. (1983) Two dimensional gel analysis ° the poly-

\ peptides pre:ini.tated by a polymnrphic. HL;-D»R!,Z,WE

monoclonal antibody: evidence for a third locus. Eur.’

J. Immunol. 12, 600-606.

.

. Land
Drover, S., Marshall, W.H., and H.B. Younghusband. (1985)
A mouse monoclonal antibody with HLA-DR4 associated

specificity. Tissue Antigens 26, 340-343.

b Drover;_s, and W.H. Marshall. (1986) Glutaraldehyde fixation
of target cells fn plastic for ELISA assays of mono-
clonal anti-HLA antibodies produces artefacts. J.

Immunol. Methods (in press).

Duquesnoy, R., Marrari, H.,“and K. Annen. (1979) Identific-

ation of an HLA-DR associated system of B cell alloant

igens. Transplant. Proc. 11, 1757-1760.

. "
Duquesnoy,: R. apdrﬂ. Marrari. (1984a) Antigen report: HLA-

DQw3. In: Histocompatibility Te¥&ing 1984 eds. E.D.




S

k3

T 143
"Albert, M.P.Baur, W.R. Mayr. Springer-Verlag. Berlin.
(pp.209-211). :
Du‘quesnoy, R., Marrari, M., Hackbarth, S., and A. Zeevi.
(1984b) Definition of ?4(:1, a novel HLA determinant
associated with DRl and DR4. I'n: Histocompatibility
T'e'stving 1984. eds. E.D. A‘lhert. M.P. Baqr. and W.R.
Mayr;uSpringer-Ver]ag. Berlin (p.426). ° ® . -
o W Lt
Duquesnoy, R.J., Mararri, M., Hackbarth, S., and A. Zeevi.
i (1984c) Serological and cellular definition of a new‘
HLA-DR determinant, MCl, and its association with
/l ’ rhmJavtoid arthritis. H;Aman Immunol. 10, 165-176.
Emmrich, F. (1985) Reduction of non-specific human IgM - —
binding in solid phase assays.‘d. Immunol. Methods
72, 501-503.
-
Ey, ‘P.L.; Prowse, S.‘i., and ‘C.R. Jenkin. .(1978) Isolation of, ‘-r_
pure IgGl, IgG2a, and lg(;zh immunoglobulins from mouse -
serum using protein A sepharose. Immunochem. 15,
=AY 429436, \ ) . .:,
)
.

Gatti, R.A., Ostborn, A., and IA. Fagraeus. (1974) Selective !
impairment of cem antigenicity by fixation. J.Immunol.
Methods 113, 1361-1368. '

N o




" 144
C

Giles, R.C. and J.D. Cdpra (1985) Structure, fﬂnctio‘n. and

genetics of human class II molecules. Adv. Immunol.

37, 1-71.

,/ N
Gnding, J. (1980) Antibody production by monoclonal antibod-
— ies. J. Immunol. Methods 39, 285-308. b :

~— - N ) - 2
Goding, J.N.(1983) Monoclonal Antibodies: Principles and

——

Practices. Academi¢, Press Inc., London.

Goyert, S.M., Shively, J.E., and J. Silver. (1982) Biochem-.

ical characterization of a second family of human Ia

; ) molecules, HLA-DS, equivqlent(: murine I-A subregion
; molecules. J. Exp. Med. 156, 550-

56,

J., and F.H. Bach (1983) Dw/L0%relat-
ed molecular polymorphism of bR4 -chains. J. Exp. Mgh.
157, 1687-1691.

-
Groner, J.P,, Witson.
LS L

L]
Grosse-Wilde, H., Doxiadis, I., anm. Brandt (1984) Defini-
tfon of HLA B with HTC. In: Histocompatibility
Teang 1984 eds. E.D. Albert, M. P. Baur, and W.R.

Mayr. Springer Veriag. Bean. (pu 249 264).

— * P e
. Habeeb, A.F.S.A. (1969)-A study of the antigenicity of
¢

: formaldehyde and glutaraldehyde-treated bovine serum—-
¢ . ’ 4




145 «

albumin and ovalbumin-bovine serum a'lbuml/n’ conjug-

(f ate. J. lmmunDT 102, 457-465.
R . .
5 ( . 1.

Hansen, J.A., Martin, P., and R.C. Nowinski. (1980) Mono- g BT

clonal antibodies identifying a novel T-cell antigen and

Ia antiggn;?’f lymphocytes. fmmunogenetics 10,
) . i . A~
247-260.

— P

B
_Holbeck, S.L., Kim, S.J., Silver, J., Hansen, J.A., and G. T

. Nepom. (1985) HA-DR- -associated haplutypes are genotyph

&

caHy diverse within HLAZD. Immuno}. 135, 637-641:

Holzmann, B., and J.P. Johnson. (1983) A beta-ga]ac/tasl\ﬂs'e" ®
,
linked immunoassay for the analysis of antigeps on
individual cells. J. lﬁmunol’. Methods 60, 359-367. e

~ .
R . e

Hop;ood. D. (1972) Theoretical and pract‘ﬂ;al aspects of -
¢ glutaraldehyde fixation. Histochem. J.‘Q. 267~303.
Horibe, K., Flomenberg, N., Pollack, M.S., Adams, T.E., Du-
pont, B‘., and R.W. Knowles. (1984) Biochemical :ad I
functional evidence that an MT3 supertyﬁi: dgberminmt (\'\
. defined by a monnclonal antibody 15 carried on the DR
molecule. on ‘HLA-DR7 an:s J.‘.lmnun. 1’.’!3: 3195-3201.

LS Hudson, L. and F.C. Hay (1980) Practical Immunology 2nd ed.
g " g & W
Blalckwell S:_ienti'm Publications, Oxford, London,* L5

* » ¢

e




Ikeda, H., Klllh“‘. M. Ognsl\un

. = Vs 5
Edinburgh, ioston, Melbourne. (p.2)

.

- - . ’ .
Horley, - C.K., Giles, k.?-. and J.D. Capra. (1983) The human

.. MHC: evidence for multiple b_!LA-D region genes. Immunol.
N " ‘
Today 4, 219-27%.

. 1 ~ * .
Hurley, C.K., Nunez, G'-J. Winchester, R., Finn, 0.J., Levy} R.
and J.D.’Caprl. (1982) Thnuman‘ HLA-DR antigens are

qncndh\by multiple B -cmin loci. J. Immunol. 129, 2103,

Y ey B s “ ' /

Hurley, C.T

Hinche‘sier. Res Sust’ny, Pey arm J.D. Capra (1984)
" Molecular locaHznion of human :llss 11 MT2 and MT3

_ determinants. J. Exp. Med. 160, l72 493,
«

®s o &
lgarashi, M., Yoshi, M., Kashawagi, N., Crepaldi, T., and.S.

Ferrone. (1984) Ser'olng‘lul'l‘n_d structural heterogeneity

. of HLA-DR4 alloantigens. ;n: letnu.m.ggbnlq Testing
1984, Springq-hrhg. Berlin. (pp. -51¢) .

o
ey Takenouchi, T., Okuy-

oy, Kikuchi, Q.. and M.

mo, \‘., lshinu. N.J Haklsak

,
- Mun,. (1934) Evidence of koly-orphisns of HBJ antigens
i nong thrh HLA-D :Iusters associated with HLA-DR4.

3 _lﬁgnagauuq 19, 381-390.

. . B :
Giles, R.C., Nunez, G., DeMars, R., Nadler L., "

¥



-

\
. Y 7. T
o < 147 -
Inoka, H., Ando, A., Kimura, M., and K. Tsuji (1985) Asolat-

ion and characterization of the cnllA and genomlc clones

of a new HLA class I1 antigen heavy chain, DO

Immunol. 135, 2156-2159. )
[ . -

Jdshikawa, N., Kasakara, M., Ikeda, H., Ogasawara, K., Hawkin,
S, T_ake:\ou:hi, T., Wakisaki, A., Kikuchi, Y., and M. ,
. Ajzawa. (1985) Demonstration of structural polymorphism
'Ewmn§ MB3 light chains by twp-d_imnsiun;al gel electroph-
oresis. J. Immunol. 134, 417-822.

R ]

. ' \ .
Jaraquemada, D., Reinsmoen, N.L., Ollier, W., Okoye,-R., &
Bach, F.H., and H. Festenstein (1984) First level *
testing of NLA-BRl-asgucineﬂ new HLA-D specificities : f

Dwl3- (DB3), Dwl4 (LD40), Dwls (DVT). and DKT2. In:"
Histocompatibility Testing 1984 eds. E.D. Albert..

H.P“‘Baur and W.R. Mayr. Spr‘inger-Ver!ag. Berlin.
(pp.270-274).

—y .
Jones, P.PE, Murphy, D.B., H\wg‘ﬂl. D., and H.0. McDevitt
' (1979) Detection of a common polypeptide chain in I-A
. - .
and I-E immunoprecipitates. Molec. Immunol. 16, 51-60..

TN .

Kasahlrl, H.. Taken{ouchl, T.. ngnsann, K., Tkeda, H'., "'

~ Okuyma. T., Ishikawa, N., ‘Morichi, J.. :lhukl. A, '

L

Kikuchi, Ya», Aizawa, M., Kaneko, T., Kashiwagi,
b . - - "




. 148
e ) Ishimura, f.. and T. Sasazuki. (1983) Serologic dissect-
ion of HLA-D specificities by thé use of monoclonal

antlyodles Immunogenetics 17, 485-495,

Kaufman, J. F. and J.L. Strominger (1979) Both chains of
5 ® HLA-DR bind to the -membrane with a penultimate hydro-
- ﬂﬁobi.n_l:egjnn and the heavy chain 1s phosphorylated
at the IvydrophiHc r.arhoxy'l ternﬂnus. Proc. Natl. Ac‘a&.

. Sci. USA 76, 6304-6308.

2

Kaufman, J.F. and J.L. Stramlnger\(wsz) HLA-DR li§h€ chain*

« -+ ,has a polymorphic N-term{na] region and a conserved

e . immunoglobulin-like C-\t‘erminal region. Nature 297, ‘

694-697. c V

¥ X A 7 Te
Kavathas, P., DeH'agjs, R., Bach, F.H., and S. Shaw (1981)
SB: asrnew /HLA-Hnrked human histocompatibility gene
defined using HLA-mutant cell 1lines. Nature,293,
747-J\49. , .

g " "

\ ~ Kennett, R.H. , McK'earn. T.9., and K. Bechtol (1981)
Hannclnn’ Antibodies. Hybrido
Biological Analyses an_ed. mﬂ Pr_ess. New York.

/ T ’

Kim, S.J., Holbeck, Siley Nispé’Fos. Biy Nansen."d".A.. and H.

: A New Dimension in

Maeda (1\9'65) Identification of a ‘p‘olymrphic variant

c ) e




N 149
associated with HLA-DQw3 and charactetized by specific
restriction sites within DQ -chain. Proc. Natl Acad.

Sci. USA 82, 8139-8143.

B [ P 4
Knowles, R.W., Horibe, K., Adams, T.E., /and B. Dupont (1984)
A s]vertyp‘lc DRw53 determinant”is carried the HLA-DR
subset of class II molecules on HLA-DR7 cell Ylines. 1"3

Histocompatibility Testing 1984 eds. E.D. Albert,

M.P.Baur, W.R. Mayr. Springer-Verlag. Berlin. (p.530).
Kojler, G. and C. Milstein (197'5) Continuous cultures of
® ’ fused cells Ise:reting antibody of p{ed‘e”ned 'spe:.it-“
icity. Nature 256, 495-497.
- i

r &

Korman, A. J., Knudsen } P.J., Kaufman, J.F., and J.L.
Strominger (1982) cDNA clones 'or the heavy chaine of
HLA-DR antigens obtained after i-nunnpurifi:nlnn o!.‘
polysomes by monoglonal intihody. Proc. Nm. Acad. Sci.
USA 79, lBGyl-lBQ . o )

Korman, A.J., Boss, J.M., Spies, T., Sorrentino, R., D:udu.
K., and J.L. ;tromlnger (lQéS) Genetic complexity and
expression of human class II histocompatibility antigens

‘lnmuno!. Rev. 85, 45-86,
1




~
: P .
7 - * = % 150
.
(. * Kratzin, H., Yang, C.-Y. Gotz, H., Thinnes, F.P., Kruse, T.,
. .
¥ Egert, G., Pauley, E., Kobel, S., Wernet, P. and N.
W Hilschmann (1983) Human Immunol. 8, 65-73,
- . % 4

Kvist, S., Himan; K., Claesson, L., Peterson, P.A., and
e B. Doberstein (1982) Membrane insertion and oligomeric .
Y T assembly of HLA-DR histocompatibility antigens. Cell ’

29, 61-69. '
Laegnli, U.K. (1970) Cleavage of structural proteins during
. y the assembly of the head of a bacteriophage T4. Nature
t 227, 6807685, " -

Landsdorp, P.M., dstraldiy. %.B...Dasterhof, F., Janssen, M. .
Y A . C.,*dnd W.P. Zeijlemaker™ {1980) Immunoperoxidase ‘
s pr‘ocedures to detect cnaclonal a;nlbodies against cell
surface antigens. Quantnatinn of h1nding and s!a*nlning -
uf 1nd|v1dual cells. J. Immunol. Methods 39, 303- 4C!5.
- i . .
. LePage. V., Grumet, F. C., Busson, M., Colombani. J., Ness,
. ) D., and L. Degos. (1984) Antigen report: HLA DRw53. \ln:
, Histocomp t_.{bﬂitz Tesling 1984. eds. E.D.A'lburt. M.P.
Baur, and W.R. Mayr. Springer-\le‘rlug. Berlin. .,
< (pp.203-204). ’ ‘.




L7ap, S-K.,.Kwong, P.K., and P.B. Dent. (1983) Effect of

.
glutaraldehyde treatment of melanoma cells on the

¥ -t
expression of melanoma-associated antigens. Cancer
'

Immunol. Immunother. 11, 23-29.
i A
. . - Y
N - . )

Lobo, P.l., lﬁinfield, J.B., Craig, A. }vd F.B. Westervelt,
Jr. (IM) Utility of protease-digested human peripheral
blond lymphocytes for the_detection of lymphocytes-reac-
ti alloantibodies by indirect 1mmunofl|;orescence.

¢ Trénsplantation 23, 16-21. - ’

o

Maed.a, Ha,y Hirat}a.l R., -and R. Mukai. (1984) Separation of

) t;ITEE vhumar;. B cell alloantigens, DR4, DRwSB‘l and nou's
(TB821), by two-dimens‘iqnal gel el‘ectrvopnoresis':' Gompari-
son of alloantibodies and monoclo‘nal antibodies. In:.

Histoco_gatihillty Tgieing 1984. eds. E D. Albert,

M.P. Baur, and W.R. Mayr. Springer-Verlag. Bean.
" (pp.511-515). . '®

PN o5 By

Maeda, H., Hinata, R., Thompson, A., and R. Mukai (1986)
Molecular characterization o" three HLA class §1 mole-
cules oNDRO andwng haplotypes serologic and structu-
ral relationships at tne pu!ypepndes level # Human

" Immunol. 15, 1-15.




. ) 152
Markwell, M.A.K. and C.F. Fox. (1978) Surface spec1fic
iodination of membrane proieins of viruses and eucar-
yotic cells using 1, 3, 4, 6-tetrachloro-3a, 6a-dipheny-

Aglcouril. Biochem. 17, 4807-4817. -
Mason, D.W. and A.F. Williams (1980) The kinetics of antibody
bimﬁng to membrane antigens in solution and at the cell
surface. Biochem‘ J. 187, 1- 20,,

Mervart, H., Kalovsky, E., and P. B L. Moore (1933) Splits of

HLA-DR2 antigen. Tissue Ant1gens 22, 29- 31‘

-

o 4 ol

Moller, E., Carlsson, B.,sand J. Wallin (1985) Implication of
ilass 1] structural gene go]ymorrphisms for the concept

of serological speciftcities. Immunol. Rev. 85, 107-127.

‘Morris, R.E., Thomas, P.C., and R. Hong. (1982) Cellular
enzyme-11inked 1mmunbs.pecif1c assay (CELISA). I; A new
micromethod that detects antibodies to cell-surface
antigens. Human Immunol.:, 1-19.

Mukai, R., Syzaki,‘H.. Vibe. T., Hamaguchi, H., and H. Maeda.
(1984) Identification 'of the HT3 molecule from H’LA-DM,
< 7, and w9 homozygous cell lines. J. Immunol. 133, -3211-

3218,




]

Nadler, L.M., Stashenko, T., Hardy, R., Pesando, J'M.,
Vunis.‘ E.d., _and S.F.
antibodies defining serologically d!st’inct HLA-D/DR
rel-ate‘d‘_ La-like

. 771-90.

antigens in man. Human, Immunol. 1

2
Nepom, G.T., Nepom, B.S., Antonelli, P., Michelson, E.,

Silver, J., Goyert, S.M.,*and J"N. Hansen. (1983) The

HLA-DN’fgmHy of haplu.typ“es :on;ists of a series of

distinct DR and DS molecules. J. Exp. Méd. 159, 394-404,

Nepom, B.S., Nepom, B.S., Michelson,‘E.. Antonelli, P., and '’
7T d. A. Hansen (1983) Electrophoretic analysis of human
HLALDR antigens from HLA- D)A homnzygnus cell lines:

- Correlati}:n between -chain

iversity and HLA-D. Proc.

Nat1. Acad. Sci. USA 80, 6962-6966. -
P Ty
\

Noreen, H.J., Niclas, J., van der Hagen, E., and F.H. Bach

(1985) Serological and molecular studies of HLA-DR4 and

the subtypic Dw clusters. YAACHY abstract..uuman Immunol

12, 977 -

Nunez, G.. Latimer, M.J., Ball, E.-}..‘a,pd’?. Stastny (1984) -
Serological detectiom cf new palymnrpnfsms-vor; nQ

molecules dis:lnct from Dowl 2. and 3 speci”cities.

In: Histocompatibility Testing 1984 eds

_E.D. Albert,

Schlossman (1981) Mewroclonal.




M.P. Baur, and W.R. Mayr. Springer-Verlag, Berlin.
’ .

(pp.421-422). ‘\ s

S l'
= 0, ¥ and L.A. Herzenberg. (1980) Immunoglobulin-produc-

 ing cell lines. In:_Selected Methods in Cellular

Immunology. eds. Mishell, B.B. and S.M. Shiigi. W.H.

Freeman and Company. San Francisco. (pp.351-372).

Owen, M.d%, Kissongerhis, A.M., Lodish, H.F., and.l‘l.-!'.
Crumpton’ (11981') Biosynthesis and maturation of HLA-DR
antigens in vivo J. Biol. Chem. 256, Bgsf-8993.7 =

TN - ’

H-2 .antigens after chemical ‘modification. J. Immunol.

- 111, 1086-1092. » - &

Parham, P;. Androlewicz, M.J., Brodsky, F.M., Holmes, N.J.,
and J,.P. Ways. (1982) ‘Rev_ieu Article. Monoclonal

_Annb}:‘dh_s: Purification, ;rlg-enntion, and application
v

to structural and functional studies of r.]ass I MHC
antigens J.Immunol. Methods 53, 133- 173.
L3 .
Parham, (1984) The Mnding of mono:lon/n antibodies to

cel" surface molecules. Quantituive analysis of the

£ - ,‘ +eactions and cross-reactiods of an antibody (MB40.3)
g with four HLA-B molecules. J. Bi#l. Chem. 259,
. ’ N
% % £ <
! =

5 Pancake.‘&.d‘. and S.G. Nathenson. (1973) Selective loss of .




'/'Reinsm:)en. N. and F.H. Bach. (1982) Five HLA-D clusters

13077-13083.
- - r
Park; M.S., Terasaki, P.I., Nakata, S., and D.’ Aoki. (1980)
Supertypic DR groups: MT1, MT2, and MT3, In: Histocompa-
tibility Te&‘ing- 1980. ed: P,I. Terasaki. UCLA Press:
Los Angeles. (pp.854-857).

&

associ-dted with HLA-DR4. Human Immugol. 4, 249-258.

-~

Sarkar./s., Glassy, M.C., Ferrone, §., and 0.K. Jones (1980) A
Cell cycle a;|d the differential expression of HLA-A,B
- and H?-DR antigens on human B \ymphdid cells.-Proc. ¥

Natl. Acad. Sci. USA 77, 7297-7301. 4

Schreuder, G M:T., Doxiadis, I., Parlevliet, J., and Hv"

Grosse-Wilde. (1984) HLA-DR, DQ, LB, and TAl0 specif-
-
icities of the ninth workshop typing cells. In: Histoco-

mpatibility Testing 1984. ‘eds. E.D. Albert, M.P. Baur,
and W.R.Mayr. Springer-Verlag. Berlin. (pp.243-248).

\ Sensi, A., Baricorda, 0.R., Melchiorri, L..' Balboni, R.,/""
Pletschette, M., Grappg, M.T., and P.L. ‘Mattiuz (1/985)
A monoclonal antibody (GF‘ 'Zz.l) detecting different
patterns of HLA class I cross-renctiv;cles at dif'ferent-

"gﬂutions. Tissue Antigens 26, 204-209,

\ E
*
a




I 156
/
Shackelford, D.A., Mann, D.L., van Rood, J.A., Ferrara, G.B.,

and J.L. Str‘nqinger. (1981) Human B cell alloantigens‘

; DCl, MT1, and LB12, q‘re Menti:al to each other but

- distinct from the HLA-DR antigen. Proc. Natl. Acd. Sci..
?
USA. 78, 4566-4570. N Ve

Shackelford, D.A., Lalr;psnn. L.A. and J.L. Struminger.'(lss.‘i)
Separation of three class II antigens from a homozygous

. human B cell line. J. Immunol. 130, 289-296. ‘

7 D e 7 o

Shackelford, D.A., Kaufman, J.F., Korman, A.J., and J.L. <
Strominger. (1982) HLA-DR antigens: Siructure, separ-
ation of subpopulations, gene cloning and function. Imm-

+ unological Rev. 66, 133-187.
A}

Shannon, A.D., Rudd, C. E., Bodmer,J.G., Bodmer. W.F., and M.
J. Crumpton. (1984) Ch\ucterization of the HLA-Dfregion
DQuS specigcicy using the monoclonal antihod{es 2HB6
and IVD12. In: Histocompatibility Testing 1984. eds.
E.D. Albert‘,' M.P. Baur, and W.R. Mayr. Spifinger-Verlag;
ueu’vdk (pp.439-442). . )

¥ s »

Shaw, ;.. Johnson, AH., and G.M. Shearer (1980) Evidence for

a new. segregant series-‘of _B cell antigens that are
'Aencoded in e HLA-D rgglon and that stimulate second-

ary proliferative and cytotoxic résponses. J. Exp. Med.




-

Shu

Sin

Spr

157
152, 565-580.

Iman, M., Wilde, C.D., and G. Kohler, (1978) A better cell
"line for making hybridomas secreting specific anti-

bodies. Nature 276, 269-270. » i

- .

gal, D.B.,;D‘:souu. M., and L. Butler (198?) Heterogeneity
of HLA-DR2: definition of two subtypes by serological
and cellular techniques. Tissue Antigens 25, 283-289.

inge}‘, T.A., Kaufman, ;].F.. Terhorst, C., and J.L.
Strominger (1977) Purification and structural character-
ization of human HLA-linked B cel1 antigens. Nature 268,
213-218.

Stastny, P., Capra, J.D., Hurley, C.K., DeMars, R., Nunez, G.

'

Myers, L.K., and E.J. Ball (1984) The HLA-D region: Ser-
ology, structure, tissue. distribution, dnd function—of &
human class II molecules and their antigenic determ-
inants. In: Histocompatibility Testing 1954\ed's. E.D.
Albert,- M.P. Baur, ¢ and W.R. Mayr. Springer-Verlags -~

Berlin. (pp.424-425).
’

Sﬁnchcombe. V., Jones, T., and B.A Bradley (1985) HLA typing

of Epstein-Barr virus trans'orneﬂ 1ymphoblastoid cell

. Hnes (LCL). Tissue Antigens 25. 161-167,




s ' 158
/Stltes. D.P., Stobo, J,D.; Fudenberg, H.H., and J.V. Wells
(1984) Basic and L:Hnical Immunology ‘5th ed. Lahge

Medical Publications. California. (pp.63-64) .,

4

\( stocker, J.W. and C.H. Heusser. (1979) Methods for ‘Hnding

cells to plastjic: Application to a solid-phase radijo-
immunoassay for cell surface antigens. J. Immunol.

. ¢ © Methods 26, 87-95.
- = o 3

Strpmingep,/J.L,.. Chess, L., Herrmann, ’u.c., Humphrejys, R.E.,
Malenka,‘;DT. Mann, D., Hc&un?, J.M., Parhan!, P Rob!:,'
R..'Sprh;ger, T.A., and C. feqhorst (1975) \lsnia't_ion of
histocompatibility aniig’ens and several B cel]. specific
proteins from cultured human lymphocytes. Histocompati-

bility Testing 1975. Hunksgaai_d, Copenhaqen.
‘ (pp.719-730). o vl

Strominger, J.L. (1980) Structure af the products of the
\ major histocol;lpptihiligy complex in man and mouse.
s In: Immunology 80‘, Progress in Immunology IV eds.
< L M. Fougereau and J. Dausset. Academic‘ Press, New York.

(p.541) . ,

. >

s Suter, L../Bruggen. J., and C. Sorg. (1980\) Use of immuno-

sorblnt assay (ELISA) for screening_af hybridoma

. antibodies against cell surface antigens._d. Inmunol.




Methods 39, 407-411. ) . ..
- ; g S’
Suzuki, M..Aabe, T., Satake, M., Juji, T.5 and H. Hamagu-
chi. (1984) Two dhnensiorul gel_electrophoretic anily{is
““of the MT3 ana le moleculed from.the d!ff'e'tent' D_-iyped i .
Tines. J.Exp. Med. 160, 751-758.

B.D., Boyle, A., Solty, S., Cunnﬁ‘l’ghu, Te Nanﬂell'.\ .

i T.N\Martin, F I.R., and T, Dorllr. (1984) DR4 rell!ed
O]
' antisera pattern lwlin dependent dhhues ullitis lnd [
J
rheumatpi)d\’art»hri_ti Tissue Antiggns 2, 228-233. -

8 K
T/anigaki. N., Tosi, R., Centis, D., Ferrara, 6.B., and ).

of o
Pressman. (1%81) Further :haracurlxn!o{ of AWG "DR™
N : .
specificities, Additional evidence that¥they reside on
3 molecules different from those carrying HLA-DR locus

o ) . 4

‘ specificities. Human ln-ung\. 3,.93-108.

Tanigaki, N.,, Tosi. R.Aand G.B. Ferrara (\“4) The poly-

-\ g hism of DQ, (DC) Iol!cules. In: isco:a-gat!blll&l _"
) Test ng. 1984 eds. E.D. Albert, N.'P aur, W.R. Mayr. Y

2 N Sprlng?r\-Verlag. Berlin. (ppi533-536). ., - )

- .

- 4 . 3
Tlnigaun. “s Tosi, Wi Duquesnoy._k J.._and G.B. Ferrara,

(1953) ane,e la spefies with d{'"erent s!ructuns‘ and
allolnt‘lgonic determinants 1n an HLA_)loz_vgw; ccll.

- o € ' . S ' e




* Toguchi, T., Bur-uur“,-G.‘.]Wu-loldln.-vﬂ... Gne‘gerﬁon‘.\}l’.,

J.Exp. Md. 157, 231-247. &
g ' [ g

¢
f'er'-nkl. P.l. and J.S. McClelland (1964) Microdroplet assay

of human seru.l_-“‘:ytotuxins.LIlture 204, 998-1000.
‘ . . 2 - 4
Thompsen, N, Jakobsen; B.K., Kr;scensen. T., Morling, N.,
- F|>|tz. P., Ryder, L. I;.. and' A. Svejgaard (11983) Hetero-
e genuity of HLA-D/DR4 deﬂned by ho-ozygous typing Gells.,
b Proc. 15, 123425, ” . il

and R. Wi n::hester.

Sernetis. S., Le!. S.. Szer, 1.

4 {1984) Evlden:e lor the separate expression of four
distinct poly-orp'hibh epit‘opus on \cells of DR4
homozygous Imﬂ‘vldulls: Human Immunol. lh.,GQ;&l. ‘

-t ’
. ® 2 . . _

Tonnello. C.s Dmlrs. R., and E.D Lanq (1985) DO : a new

§
< chain gene in NI.\D with "‘,’\"’“"" regulation of
P
expression. :nuo 3 8y zaa9-za (8 ¢

o " &

z - ) s

Tosi, R. hnlucki. N., Can!h n., hrnn. ‘6.8., and D\

.




4 Richard, S., Bodmer, J., and W.F. Bodmer Sln’s’)
Structure, sequence and pu\ylov)phis-\in the HLA-D
= ‘ S

+ » region’ l-!hnal. Rev. 85, 5-43. «
.

4 =
« Trygcco, M., Garotta, G., Stocker, J.WI, and R. Ceppelllini.
7
(1979) Murine ‘monoclonal antibodies against HLA struc- =
= tires. l*muno\.,ﬁev. 47, 219-252. .
‘ .~ - ° & . 0
b & Trucco;~M., de Petris, S., Garotta, G., and R. Ceppellini.

\ - (1980) nulnt.itatllve analysis of cell surface gl
structures by means n’Fmonocional antlba’dies’. Human

. L] e

) Immunol. 3, 233-243. - . e
. e - :
Tsu."T.T. And L.A. Herzenberg (1980) Solid phase r:dfohlun

’ assays. /‘ Se.lected Methods in Cellular ﬁ-unolng!.‘
+~ eds. Mishell, B.B. and S.M. Shiigi. W.H. Freeman and

< e Company.- San Francisco. (pp.373-397)."
& ) - - D
g .
' - Van Exijk, W., Coffman, R.C., and*1.L. Weissman. (1980)
! . A

=Ny Immunoelectron -{croscoﬁy of cell surface anilgens: a
* qﬁantluclu analysis of antibody blnd'ng'utgr daiff-
’ erent P.iuﬂun pr.otocols. Histochem. J. 12, 345-361. ¢
’ . . 5
Fe ©‘van-Leeuwen, A} Schuit, H.R.E., and J.J. van Rood (1973)
e N 'l T.yginq _Ior MLC (LD): I'l. The selection of nor!-nlluhio .-

1 Tul_(ﬁ' By MLC. tahibition tests usihg SD IdensdCal

¥




A

e
) SO 162

¥ " stimulator cells (MISIS), ands fluoresence antibody
studies. Trans. Proc. 5, 1539-1542.

.

yaﬁ Rnod..J.J.. van Leeuwen, 'A.. Terrmijtelen. A. and Keuing .
(1976) antibodies, Ia determinants, and their, relation-
;ship to MLC déterminants in man..Trans. Rev. 30,
122-139. s .

Walker, W.S., Beelan, R.H.J., Bucl:ley, P.J., N”l' S.L.,
/

and S-E. Yen. (1984) Some fixation reagents reduce or
N

'aboiish éhe det,ectal?ility‘ of la-antigen and HLA-DR on

cells. J.Immunol. Methods 67, 89-99,
»

Walsh, F.S., and M.J. Crumpton (1977) 0rienta'1t n of cell
si:r_hce antigens in “the 1ipid bilayer of 1gxmphocyte
* ‘plasma membrane. Nature 269, 307-311.

Watson, A.J.,-DeMars, R., Trov’blldge. B8, anﬂ F.H. Bach
(1983) Datection of a novel human class ll HLA-antigen
Nntura 30\358 -361°

- : )

’ lltine'r" M.S., Biango, C., and V. Nussenzweig (19?3‘7 Edhanced

Mnding of ncurlninldna-truud sheep crythro:yt‘s to‘
num?mphoc,t-s. Blood 42, 039-946.

. . o , E: ' .. \




e ) -~ \ua -
h., Curtoni, E.S., Festenstein, H., and Dawkins, B
5 . ~
(1984) Antigen_;‘renort: HLA-DRA. 1i) mpatibilit .

. , ‘Testing 1084, eds™E.D. Albert, W.P. Baur, and W.R. ok
| Mayr. Springer-Ver’lé;. Berlin. (pp.188-189).
I I | : / . R
N v . - .
N\ Hinchester: R.J. and H.G. Xunkel (1979) The human la’systam
Adv. Immunol. 28, 222-292. ;
Y “Yang, C.-Y., Kratzin, H., Gotz, N;. Thinnes, F.P., Kruse, T., {
S Egert, 677 Pauly, E., Kolbel, S., Wernet, P., and N.
3 Hi-lschmknr:\(l?ﬂz) PAnpry stru'cture of class II histo-" )
compatibility antigens. 2nd cnmmunin‘aﬁon. Amino acid, -
. sequence uf the N-terminal 179 residues of the -chain
A [ of an HLA-bRZ/DRi alloantigen. Hoppe-Seyler's 1.
‘ . “Physiol. Chem. 363, 671-676. . ' ,
\. . @ i
\ Vu{is‘, E.J:Qand D.B. Amo’s"(lwl) H{ree clo;?y.linked genetic | vvv
. systems relevant to transplantation. c. Nat). Acad. .
sci. UsA 68, 3031-3035. o " [
. S i
‘ * s
f N
! * l\ \ .! N
: TR ] <, %
b ¥ \“ : " ) i s
s \ ! R 1




> - x o 164
" . .
APPENDIX A i .
. : ¢
N .
L]
| DR 00
. v
Apa #7238 "¢ N 18,54, 2,4 53 1,3
. ! - N 2
BC 1,2 3,6 5,17 4,5 52,53 3
ok 1,24 2,6 7,44 2 153 173 \
oH 1,2 3 8.0 13 sz 1,2 =
< o 2,110 M- 17,35 1,3 ? 1,2 Y
& opP 2~30 3/ Y 7,60 2,7 53 1
Ry T2 N 8,14 2,3 52\ 1,2
- . *0 L
EC b T RN 1 7,57 2 NN
. . % .
KH - 12> 1 8,54 3,4 52,53 - 2,8
* ¢ .
LR 3,24 1 7,15 2,9 53 . 1.3 -
* MB 3,31 7' 8,18 3,6 52 1,2
L . e $ 1,28 4 7,8 2,3 52 '.z
3 Ml 2,3 N 7,51 4,6 52,53 1,3
. NB* 2 3,4 15,35 4, AT NT
R 3,30 6 13,18 6,7 _ 52,53 1,2
< B 24,31 5,7 8,44 3,4 52,53 2,3
sc 3,25 7 N 2 53 1,3 ;
TP ‘2,28 N 2,4 53 1,3
‘ ’ .
it F$30293b 1,2 N 2,3 52 L,? .
534255 2,25, N 3 4N Nt =
3 X . X ;-
3 . 2 ®
. .
. % 5y e e




~

o~
. N
/
; . Vo 165
, .
¥ B APPENDIX A ,
§ \ "
. X \'
- ‘ ‘HLA Phenotypes of Cell:Panel i
CELL -, A c . B DR . DRw 0Q —- :
M ; "
FS411sd 2,28 ;3,57 ®4,40 .4 N L
p . P
Fs50593b 3 4 .74,6 T/7,35 1,7 53 . 1,2
GM1032¢ 9,10 N 1% 35,7 52,53 2 ”
GM14s55 11 N 22 2 Nt 1,3
GM1488 26 N 16 4,5 52,53 3
GM1526 - 9,10 N 17,13 6,7 52,53 1,2 [
GM1553 28,3 N 22,13 2,7 , 53 ‘re .
GMI559 3,10 2 15,27 12,4 53 1,3 h
GH1810 1,10 N 7.3 1,8 52 1
. GM1861 _ 3,2 N 27,22 2 NT 1.3 ;
g S @ P
GM1905 11 N 35 .- 4,6 52,53 1,3 . é
GHIZIT 231 Na o 18030 38 52 7,3 »
aMz219 1,00 W [ N N b
6M2131 H N 7 4,7 NT Ny . ’
@308 2, N 17 3 52 V2 o
GM3099 2 4 ‘] 35 1} NT NT
" -
an3toy” 9. TN 14 4 53 3
GM3104 T3 4 4 35 1 N 1 ’
" GM3105 B S,L\'u,la .5, 52 1 P '
GM3106 - 1 4 35 5 52 Ay '
NI 2 N 1

GM3I07  + 3 -




’

HlA Phenotzges of Cell Panel-
A

CELI.l

APPENDIXA .

GM3160

GM3IEL

© GHY162
GM3163
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© * Immunizing cells
" a = EBV-transformed cq__l)s prepared in the ll\nunolfgy

Laboratory

2,
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2
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2,10

2,24
1,2/28
24,26

2

'z-uz(zz'o.zzz

14,18
8,35

40,54
14,18

15,35

b = Non-transformed CLL cells

ab= Both EBV-trlnsrorncd and ‘non- tran!forned CLL .el“ls usad.
¢ = Cells’with a GM —prenx were obtalned from the Human

s -8
G!nctic Mutant Cell Repository.

d = These .caill were obtained frq-' 6r. J. Bodmer, London, UK.
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e = This cell is a fusion partner obtained from Dr. J.C.
Roder, Kingston, Ontario.
f = This cell was obtained from Dr. M.J 0'Hare, Ludwig

Institute for Cancer Research, Surrey, UK.
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