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ABSTRACT

Histocompatibility molecules, encoded by genes of the major
histocompatibility complex (MHC), play a pivotal role in shaping the T-cell
repertoire by trapping peptides via their peptide-binding sites and presenting these
MHC-peptide complexes for T-cell recognition. Among these molecules, one
serologically-defined set called HLA-DR4 comprises several DRB1 variants or T-cell
defined subtypes, in which the g chains differ from each other by only a few residues.
The crossreactivity of some alloreactive T-cell clones and alloantibodies with certain
DR4 and non-DR4 molecules that carry a homologous g8 chain sequence (residues
67-86) suggest that similar sequences generate similar structures. Such an element or
"shared epitope" has been predicted to be implicated in the development and
pathogenesis of rheumatoid arthritis (RA).

The present study was based on the prediction that T-cell defined
determinants on HLA-DR4 subtypes and the “shared epitope™ could be
distinguished by antibodies and that such antibodies would be useful for structural
analysis of these epitopes. Thus, the principal objectives were to develop such
monoclonal antibodies (mAbs), to analyze differences in the "shared epitopes" on
DR molecules that are associated with RA and to investigate the composition of
these epitopes.

Approximately seventy anti-DR4 mAbs were selected from thirty fusions
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1.5.1 HLA-DR Nomenclature

The HLLA nomenclature for serological specificities, splits and subtypes, was
revised after the 1987 IHW in an effort to consolidate all the information obtained
from serological, T-cell and DNA typing and sequencing (Dupont, 1989); the most
recent update followed the 11th IHW (Bodmer et al., 1992). A partial list of DRB
alleles, for which serologically-defined and/or cellular-defined specificities have been
identified, is shown in Table 1.1; it should be noted, however, that several other
functional alleles have been identified at the gene, but not at the product level. The
following is an interpretation of the new nomenclature.

A serological specificity refers to a group of molecules that carries
determinants common to all molecules within that specificity; it may be encoded by
one (for example DR10) or several related alleles (for example DR4). Each of the
listed alleles have been DNA-typed and sequenced before assigning the locus, allele
and number. In the example DRB1*0102, DRB1* indicates that it is a functional
allele encoded by DRBI1; the first two numerals (01) indicate the specificity (DR1)
and the second‘two numerals (02) indicate that it is the second allele in the DR1
specificity. Thus, the serologically-defined DR1 specificity consists of a DRA1 chain,
(encoded by either DRB1*0101, B1*0102 or B1*0103), which is associated with the
invariant DRa chain. Within each DR group, there are T-cell defined specificities

that are referred to as Dw subtypes. Each subtype is encoded by distinct DRB alleles;
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Tablec 1.1 Common HLA-DR serological and T-cell defined spcecificities and the DRB genes

that encode them.

Serological T-cell-

Specificities Defined DRBI1* DRB535 DRB3 DRB4
Specificitics

DRI Dwl 0101

DRI Dw20 0102

DR103 Dw'BON' 0103

DRI10 -

DR15 (2) Dw2 1501 DR51 0101

DR15 (2) Dwl2 1502 DR51 0102

DR16 (2) Dw2l 1601 DR51 0201

DRI16 (2) Dw22 1602 DR31 0202

DR17 (3) Dw3 0301 DR52

DR17 (3) Dw'RSH' 0302 DR52

DRI11 (5) DwS5 11011/11012 DR52

DRI11 (5) Dw'JVM' 1102 DR52 0101

DRI11 (5) Dw'FS' 1103 DR52 0201

DR12 (5) Dw"DB6" 1201 DR52 0202

DR13 (6) Dw18 1301 DR52 0301

DR13 (6) Dw19 1302 DR52

DR13 (6) Dw'HAG' 1303 DR52

DR14 (6) Dw9 1401 DR52

DR14 (6) Dw16 1402 DR52

DRSS Dw8g.1 0801

DR8 Dw8.2 08021/08022

DR8 Dw8.3 08031/08032
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Table 1.1 Continued

Serological ;ecg:w DRB1* DRB3 DRB3 DRB4
Specificities Specificities

DR4 Dw4 0401 DR33  OI¢!
DR4 Dw10 0402 DR53  0lc¢i
DR4 Dwl3.1 0403 DRS53  0l1¢]
DR4 Dwl4.1 0404 DRS3  01¢1
DR4 Dwls 0405 DRS53  01¢1
DR4 Dw'KT2' 0406 DR53  0l¢l
DR4 Dw13.2 0407 DR53 0101
DR4 Dwli4.2 0408 DR53 0141
DR7 Dw17 0701 DRS3  01¢]
DR7 Dw'DBI' 0702 DRS3 0161
DR9 Dw23 09011/09012 DRS3 0101

27












chains. It is of interest that many of these single residues, which have been suggested
as antibody-binding epitopes, are located on the floor of the peptide-binding site at
positions that are involved in peptide binding (Brown et al., 1993). If this is correct,
it seems unlikely that antibodies could interact directly with these residues as their

side chains would be obscured by peptide and, thus, unavailable for antibody binding.

1.52B The analytical approach

One would predict that serological epitopes on DR molecules are similar to
most other antibody-binding epitopes on native proteins. That is, they are formed by
the combination of several amino acids that are linearly distant in the primary
structure, but spatially-associated in the 3-D structure (Laver et al., 1990). X-Ray
crystallographic analyses of different Fab-Ag complexes have revealed that the
epitopes on lysozyme and neuraminidase occupy a large area comprising 15-17 amino
acid that occur on different strands (Amit et al., 1986; Tulip et al.,, 1992). Such
complexes have a high degree of topographic and chemical complementarity at their
interacting surfaces (Maruzza and Poljak, 1993). Although a subset of the residues
in the epitope contribute most of the binding energy, they are not usually arranged
in a linear way. Thus, it seems unlikely that an epitope for an anti-HLLA-DR antibody
will be mapped to a single amino acid; it is likely, however, that an "allele-specific®

residue may be critical for the overall structural integrity of an epitope.
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Figure 5.1 Effect of cell density on the number of hybrids per 10® spleen cells. Two
different fusions (R6 and R7) were plated at five different densities as shown on the
X axis. Hybrids were evaluated by phase contrast microscopy on days 10, 12, 15 and

17.
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At a plating density of less than 2 x 10°, the actual number of hybrids per 10°
splenocytes increased and they survived for a longer period. However, at S x 10* or
even 1x 10°/well, the number of wells that would have to be plated per spleen would
be unmanageable; for example, an immunized spleen can yield as many as 4 x 10°
cells, which would generate 4000 to 8000 wells at such a low plating density.

The choice of feeder cells was important (Figure 5.2). Thymocytes were
consistently poor feeders in FB-plates, but in U-bottom plates, thymocytes were
supportive when the fused cells were plated at low density (< 0.5 x 10° cells/well) but
inhibitory when plated at high density (>1 x 10°) (data not shown). Other feeder cells
were not significantly different from each other in their ability to promote or inhibit
growth, although PECS seemed slightly better while RBC's were less effective when
the cells were seeded at a low density.

After reviewing the data it was decided to plate the fused cells at 1.5 x 10° to
2 x 10° cells per well in flat-bottom plates, to use RBC's as filler cells and to test the
supernatants by day 10. Careful monitoring of the hybrids using phase-contrast
microscopy was done after 1 week and hybrids were usually tested on day nine or day
ten. It is evident from the data presented in Tables 5.2 to 5.4 that these conditions

were sufficient to generate about 350 hybrids/10® splenocytes seeded for each fusion.
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Figure 5.2 Effect of using different feeder cells (S, splenocytes; R, red blood cells;

P, peritoneal exudate cells; T, thymocytes) in promoting the growth and survival of

fused cells plated at five different densities. The number of wells with viable hybrids

were estimated by phase contrast microscopy on days 10, 12, 15 and 17.
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8§32 Indiscriminate Immunizations

In the first set of experiments, summarized in Table 5.2, five fusions were
derived from mice that had been randomly immunized. Supernatant fluid from over
2500 hybrid cultures were assayed on the immunizing cells. After differentially
screening the positive wells, seven were further analyzed for polymorphic specificity.
As can be seen from the data, there were no hybrids that made antibodies with a
short specificity; two antibodies had polymorphic activity but were "broadly reactive"
and were of low affinity. Five hybrids produced antibody to class II monomorphic

determinants. None of these were considered worth following and were discarded.

533 "Neonatally tolerized" Mice

An attempt was made to tolerize neonatal C3H mice by injecting them with
non-DR4 transfectants, which consisted of a mixture of transfectants expressing DR2
and DRS2. Cells were given IP within 24 hours of birth and at various times
thereafter, as shown in Table 5.3. Serum samples were collected from a group of §
*tolerized” mice and 3 non-tolerized littermates at about 7 weeks and titered in

CELISA against the tolerizing cells and non-transfected L cells.
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Table 8.2 Summary of data on fusions derived from C3H mice given indiscriminate immunizations with
1L A-class 1l expressing transfectants.

Immunizatien Schedule

Fusion Sex Age Immunizations Boost # Hybrids* HLA-specific*
(wks) (per 10° hybrids
splenocytes)®
10 1° DR1 IP DR1-1P 75
RS M 12 2* DRI IP S wks after 219) 1 DR monomorph
14 3" DR1 IP last boost
2 1° DR4 + CFA S/C Dw4-1P 1 DR monomorph
R12 M 16 2° Dw4 1P 4 wks after 860 2 long polymorphs
32 3° Dwd IP last boost (478)
20 1° Dwio IP Dw10-1V
R13 F 28 2* Dwi0 1P 3 wks after 1018 2 DR monomorphs
Iast boost (423)
20 1°Dwid IP Dwl4-1V
R14 F 28 2° Dwid IP 3 wky after 204 1 DR monomorph
last boost (82)
20 1° Dwldg IP Dwl4-IP
R1S F 28 2’ Dwld IP 3 wks after 336 NONE
last fusion (280)

® total number of wells with hybrids; * approximate number of hybrids per 10® spleen cells; © based on limited specificity
analysis
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ble 8.3 Results of fusions donc using "nconatally tolerized” C3IH mice and non-tolerized littcrmates
a 4 A

Immunization Dctails

Fusion Sex Age Cells used Cells used Boast # hybrids” Schected
at to to details (per 10° Hiybrids
injection tolerize immunize splenocytes)®

R6 M <24hrs DRS52 + DR2
2 wks 1 meak
4 wks Dw4IP 412 pobymorph
6 wks a 17 wks (258) 1 DR
8 wks Dwd + CFA moaomorph
14 whks Dw4 IP

R7 M <24hrs DRS52 + DR2
2 wks
4 wks
6 nks
8 wke Dwild4 + CFA Dwd IS 273 2 meak
14 wks Dwld IP a 17 wks (273) peh morphs
NONE

RS F 8 wks 1 Dwd + CFA Dwd 1P 750 1 menomorph

16 wks 2° Dwd 1P a 20 wks (469) 1 wmeak
pohhmorph
NONE

R9 M 8 wks 1° Dw4 + CFA Dw4 1P 750 1 momomorph

16 wks 2° Dwd4 IV a 20 wks (444) 1 weak
pehmorph

R10 M 24 hrs Dw10 Dwil3 -? 1250
16 wks Dwi13 + CFA a 28 wks (288) NONE
20 wks Dwi3 IP

NONE

R11 M 16 wks Dwl13 + CFA Dw13 600 1 anti DR4

20 wks Dwl3 1P a 28 wks (462) 3 menomorphs

* total number of wells with hybrids

specificity testing

approximate number of hybrids per 10® splecn cclls; ©
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The CELISA data showed evidence of antibody activity in the sera of the "tolerant®
mice, but not in the sera from control littermates, to the "tolerizing™ cells and to
non-transfected L cells, indicating that tolerance had not been achieved (data not
shown). The sera were then adsorbed twice with L cells and once with the
»tolerizing® cells and tested on DAP-3 DRS2 and DAP-3 DR4Dw4 transfectants
(Figure 53). It is apparent that there was no difference in the antibody titer against
DRS2 (one of the "tolerizing™ cells and DR4Dw4, not used for tolerizing), which
strongly suggested that the mice were not tolerized to the DR molecules.

It was decided to use some of these mice for fusions. Thus at age 8 to 16
weeks, they and some of their non-tolerized litter mates were immunized with
DR4Dw4 or Dw13-expressing transfectants. The data in Table 5.3 show that very few
hybrids were selected for further studies despite screening over 4000 hybrids. Three
fusions from the "tolerized" group produced 193S hybrids, of which one reacted with

a monomorphic determinant and 3 reacted weakly with polymorphic determinants.
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Figure 53 Adsorbed sera from mice that had received non-DR4-expressing
transfectants, as described under methods, were titered in CELISA using DAP-3 DR4

and DAP-3 DRS2 transfectants as targets. Lines connecting symbols represent the

mean of CELISA d
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From the non-tolerized group three fusions yielded 2100 hybrids of which 5 had
monomorphic specificity, 2 were weakly reactive with polymorphic determinants and
1 reacted with all DR4 moleczles. The reaction pattern and epitope mapping for this
last antibody (derived from the R11 fusion and now called NFLD.D1) is described

in Reference 10 and CHAPTER 6.

53.4 Comparative Inmunizations

Fifteen fusions that were done to compare different immunization schedules
were very productive. The data summarized in Table 5.4 clearly show that the worst
immunization strategy was an IP primary followed by an IP boost. The best result was
obtained by immunizing subcutaneously along with CFA followed by an IP boost,
while the other two strategies immunizing IP in saline or subcutaneously with CFA
followed by an IS boost were equally good. Titering of sera, taken at the time of
splenectomy, was not always predictive of the number of specific hybrids. For
example the mouse (fusion R21) that produced the highest titer against the
immunizing cells produced a large number of hybrids, but did not yield a single
antigen-specific hybridoma, while the mouse (fusion R16) which had the lowest titer
produced 7 antigen-specific blybridomas. On the otherhand, the most prolific fusion
(R19) was derived from a mouse with one of the highest titers; thus, titering of sera

at this stage was not a reliable indicator of the number of specific hybrids.
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Table 5.4 Results of fusions done to compare immunization schedules.

Immunization # Hybrids" Number of Post-fusion
Time (pcr 10° Hybrids Serum
Fusion Primary Interval Boost splenocytes)® Sclected Titere
(weeks)
R16 P 4 1S 1128 (434) 7 <1/100
R22 5 336 (480) 2 1/1600
R27 6 238 (170) 5 1/400
R29 7 467 (275) 3 1/800
X =542 (340) X =43
R18 IP 4 1P 864 (455) 0 1/800
R20 5 41 41 1 1/800
R26 6 546 (455) 1 1/800
X = 483 (317) X =0.7
R17 4 758 (237) 1 >1/1600
R23 CFA 5 IS 38 (23) 3 >1/1600
R2S S/C 6 409 (340) 4 1/1600
R30 7 592 (423) 4 1/3200
X =449 (258) X=3
RI19 4 812 (427) 18 1/3200
R21 CFA 5 IS 672 (354) 0 >1/3200
R24 S/C 6 560 (467) 9 >1/800
R28 7 704 (440) 7 >1/3200
X = 687 (422) X=1

* total number of wells with hybrids; * approximate number of hybrids per 10° spleen cells

¢ (OD of test serum with Immunogen) - (OD of test serum with L cells) = 0.5

was arbitrarily chosen as the end point of titer.

IP = Intraperitoneal; CFA = Complete Freunds Adjuvent ;
S/C = Subcutaneous; 1S = Intrasplenic; X = Average
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From fifteen different fusions, yielding over 8000 hybrids, sixty-four were
selected for further analysis (Table 5.4). Thirteen produced antibody to polymorphic
determinants. Eight of these were selected for complete specificity analysis using
transfectants and homozygous cell lines. There were several patterns of reactions
including: (i) Dw4, Dw14, DR1 and DR14 (Dw16); (ii) Dw4, Dw14, Dw13 (weak),
DR1, DR14 (Dw16) and DR2; (iii) DR4 (except Dw10), DR1, DR2, and DR14; (iv)
all DR4 molecules and DR2, plus DR52. A complete description and analysis of

these antibodies is in press (see CHAPTER 6 ).

54  DISCUSSION

It was found that the conditions that had been used for previous fusions, which
were done using Balb/c splenocytes and Balb/C-derived fusion partner, SP2/O-Ag14
(Drover, 1986) were not suitable for fusions using spleen cells from C3H mice. Since
these mice are H-2 incompatible, it is possible that allogeneic T cells from the C3H
spleen (unfused cells from immunized spleen and feeder cells) were cytotoxic for the
Balb/c SP2/0-Ag14 fusion partner, which express class 1 antigens. The failure of
feeder T cells to support hybrid growth supports the idea that T cells were
responsible for hybrid cell death during the early phase of the culture period
particularly when wells were seeded at a high cell density. Ideally, feeder cells should

be X-irradiated, but by plating at a density of less than 2 x 10® fused cells/well and
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using red cells as feeder cells, the problem of hybrid death was almost completely
eliminated. In most of the subsequent fusions 80-90 % of the wells produced hybrids
with a yield of about 350 hybrids/10® splenocytes. In later experiments (data not
shown), T cell depletion of the spleen cells prior to fusion combined with using
irradiated feeder cells allowed for plating the cells at 1 x 10° cells/ well and
increased the number of hybrids per fusion by almost two-fold.

Although a large number of hybrids were obtained from the the set of fusions
shown in Table 5.2, none were obtained that made DR4-specific antibody. The idea
to tolerize mice to the monomorphic determinants on the HLLA molecules expressed
on syngeneic transfectants seemed reasonable, since the immune system of a neonatal
mouse is immature and thus should be susceptible to tolerance induction. It was also
anticipated that the syngeneic L cells might survive for a long period, thus increasing
the likelihood of inducing tolerance. However, this was not the case as sera from all
mice that were tested, made antibody that bound to transfectants expressing HLA-
DR; in addition they bound to human B cell lines that did not carry the "tolerizing"
HILA molecules (data not shown).

Fusions that were done using the so-called "tolerized® mice and their
littermates were again disappointing, as despite a high yield of hybrids, most of the
selected hybrids were making monomorphic anti-DR antibodies. However, the
limited specificity analysis suggested that one hybrid from R11 fusion was making
anti-DR4, which was subsequently confirmed (4, CHAPTER 6). At this point it was
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difficult to determine the problem as a number of different immunization schedules
and immunogens had been used and a significant number of hybrids grew from each
fusion. Retrospectively, it was shown that some of the transfectants used for
immunization were infected with mycoplasma; thus some of the hybrids that gave
polymorphic, but inconsistent patterns may have been related to mycoplasma-specific
antibodies.

The fusions that were done to compare immunization schedules generally
yielded a large number of hybrids that were specific for some subtypes of DR4 -
molecules. The best fusions came from the group that were immunized
subcutaneously with the cells emulsified in CFA and followed by an IP boost at 4-7
weeks. Perhaps the clearest finding was that IP immunization followed by IP boost
was the worst of all four combinations. This helped explain the failure of the first set
of fusions (Table 5.2), which were mostly done by this method.

Unfortunately, the mice were not bled prior to boosting, but the results of
post-boost sera suggest that the titers are not necessarily predictive of the number of
HLA-specific hybrids. Intuitively, one feels that high titered sera should yield
desirable hybrids, but due to the multiplicity of antibodies in serum, this is not
necessarily true. One possibility is that the presence of high titered antibody at the
time of immunization may serve to downregulate B cells if they bind antigen via Fc
receptor and antibody-receptor. Thus, it may be more appropriate to give the booster

after the earlier immune response has subsided.
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CHAPTER 6
ANALYSIS OF MONOCLONAL ANTIBODIES SPECIFIC FOR

UNIQUE AND SHARED DETERMINANTS ON HLA-DR4 MOLECULES!

6.0 ABSTRACT

The specificities for seven monoclonal antibodies to HLA-DR4 were
determined using homozygous B cell lines and L-cell transfectants expressing wild-
type DR molecules. Three (NFLD.D1, NFLD.M1 and NFLD.D7) bound all DR4
molecules, but only one was specific for DR4. Four antibodies (NFLD.D2, NFLD.D3,
NFLD.D8 and NFLD.D10) reacted with some DR4 subtypes and had extra reactions,
particularly, with DR gene products associated with suscepltibility to rheumatoid
arthritis (RA). To localize the antibody binding epitopes on DR4 molecules, the
antibodies were analysed on transfectants expressing hybrid genes, which were
generated by exon shuffling of DRB1*0403 and DRB1*0701. Two of the pan-DR4
antibodies bound epitopes which require the B, domain while the third mapped
primarily to the HVR-I region. One antibody to subtypes of DR4 mapped to residues
40-97 on DRpB1*0403 chains. Comparison of reaction patterns with amino acid
sequences suggests that the antibodies against subtypes of DR4 are specific primarily

for a region containing sequences postulated to determine susceptibility to RA.

1994

In Press: Sheila Drover, Robert W Karr, Xin-Ting Fu, and William H Marshall, Human Immunology,
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6.1 INTRODUCTION

The HLA-DR4 specificity currently consists of fifteen DRB1 allelic variants
(DRB1*0401 to DRB1*0415) that have been identified using DNA based technology
(Bodmer et al, 1992; Petersdorf et al., 1992; Stastny and Kimura, 1992; Pile et al,,
1992; Tiercy et al, 1993; Zhang et al., 1993). Eight of these can be differentiated by
T-cells in a mixed lymphocyte typing procedure; they are Dw4 (0401), Dw10 (0402),
Dw13.1 (0403), Dw14.1 (0404), Dw15 (0405), DWKT2 (0406), Dw13.2 (0407), Dw14.2
(0408). When the amino acid sequences for the DR4 81 chains of the T-cell defined
subtypes are compared, it is apparent that they differ from DRB1*0401 by only one
to four amino acid residues (Table 6.1). Most of the variability is located in the third
hypervariable region (HVR-III) around residues 67-74 and at position 86. Residues
1-66 are the same for all alleles except for DRB1*0406 which has serine substituted
for tyrosine at position 37, DRB1*0405 which has serine substituted for aspartic acid
at position 57 and DRB1*0415 which has glutamic acid substituted for alanine at
position 58. The latter DR4 allele (0415), described by Tiercy et al. (1993), differs
from the other DR4 alleles in that it has sequence homology with DRB1*1104 at
amino acid residues 58-86.

Four alleles DRB1*0401, 0404, 0408 and 0405 which have conservative
substitutions in the HVR-III are associated with susceptibility to the development of

Rheumatoid Arthritis (RA) in several ethnic groups (Wordsworth et al,, 1992).

111



Table 6.1. Comparison of amino acid differences in DR4 B1 chains of T cell-defined subtypes

Amino acid positions

DRB1* 37 57 67 70 71 74 86
Alleles Subtype

B1*0401 Dw4 Y D L Q K A G
B1*0402 Dw10 - - I D E - \%
B1*0403 Dwi3.1 - - - - R E \%
B1*0407 Dw13.2 - - - - R E -
B1*0404 Dwi4.1 - - - - R - \%
B1*0408 Dw14.2 - - - - R - -
B1*0405 Dwi1s - S - - R . -
B1*0406 DwKT2 S - - - R E v
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The fact that other variants (DRB1*0402, 0403, 0406 and 0407) have both non-
conservative and conservative substitutions in this region and are not associated with
RA susceptibility, has led to the suggestion that a molecular structure resulting from
the amino acid sequence 67-86 may play a key role in RA susceptibility (Gregersen
et al,, 1987). Two non-DR4 alleles, DRB1*0101 and DRB1*1402, which have major
differences in HVR-I and HVR-II from each other and from DR4, are completely
homologous in HVR-III to each other and to DRB1*0405 and DRB1*0408
(Wordsworth and Bell, 1992; Willkens et al., 1991; Nelson et al., 1992). That these
molecules are also associated with RA in different ethnic groups further supports the
idea that shared residues (67-86) found on DR4 and non-DR4 g1 chains are
somehow critical. However, the mechanism by which this susceptibility is conferred
remains unknown.

In the course of attempts to make monoclonal antibodies to the variants of
DR4, seven hybridomas whose specificities are the subject of this report were
produced; three recognize all DR4 molecules and the other four recognize some of
the DR4 subtypes but not others (CHAPTER 5). Here we describe a detailed analysis
of the specificities of these antibodies using a collection of homozygous B cell lines
(BCL) which have well-defined HLA specificities (Yank et al., 1989; Kimura et al.,
1992). Mouse L cell transfectants expressing wild type DRB genes were used to
confirm the specificity and to identify the DRB chain responsible for the mAb

binding epitope in each case. In addition transfectants expressing
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DR(81*0403/81*0701) hybrid molecules were used to locate the primary sequences

on the DR4 molecule that are essential for binding each of these mAbs.

6.2 MATERIALS AND METHODS

6.2.1 Cells

Homozygous BCL, obtained through the 10th International Histocompatibility
Workshop (IHW) were maintained in RPMI-1640 containing 10% fetal bovine serum
(FBS), SOunits/ml penicillin and 50pg/ml streptomycin, (P/S), and 2mM sodium
pyruvate, (Flow Laboratories). Transfectants were cells of the DAP.3 subclone of
class II negative murine L cell fibroblasts which had been transfected with DRA and
DRB c¢DNA constructs as described previously (Klohe et al., 1988). The source of the
cDNAs and a list of the transfectants, which includes some of those distributed by
the organizers of the 11th IHW, are shown in Table 6.2. Construction of DR4
(B1*0403) and DR7 (B1*0701) hybrid cDNAs, by the hemidomain shuffling method
and subsequent transfection, has been described (Alber et al.,1989; Fu et al., 1992).
All transfectants were grown in Dulbecco ' s modified Eagles medium containing 10%
FBS, S x 10° mM 2-mercaptoethanol and P/S. The cells were grown on either 10 cm
dishes (Falcon) or 75cm flasks (Linbro) and were harvested in log phase using 0.25%

trypsin (Flow Laboratories) in phosphate buffered saline.
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Table 6. 2. HLA-DR expressing transfectants used for characterizing the specificities of NFLD

monoclonal antibodies.
HLA-DR Dw 11th THW
Cell Line Specificities Allele Number  Contributor
DAP-3 DR1 DR1 Dwl DRB1*0101 8103  R. Sckaly/
E. Long
DR-BON DR Bon DRB1*0103 8104 R. Claude/
C. Thomsen
1466.1 DR15 Dw2b DRB1*1501 - R. Karr
L468.5 DR15 Dwi2b DRB1*1502 - R. Karr
1415.2 DR16 Dw21b DRB1*1601 - R. Karr
L1682 DR3 Dw3 DRB1*(301 8112 R.Karr
DAP-3 DR4 DR4 Dw4 DRB1*0401 8115  R. Sckaly/
E.Long
L.243.6 DR4 Dw4 DRB1*0401 - R. Karr
L164.11 DR4 Dw10 DRB1*0402 8116 R.Karr
1.89.2 DR4 DwWTAS DRB1*0403 8123 R. Karmr
L165.6 DR4 Dwil4 DRB1%*0404 8118 R.Karr
L566 H6 DR4 Dw15 DRB1*0405 - R. Karr
B18 DR4 DwKT2 DRB1*0406 8122  R. Lechler
L91.7 DR11 Dw5 DRB1*1101 8125 R.Karr
L1672 DR14 Dw9 DRB1*1401 8126 R.Karr
L1821 DR14 Dwi6 DRB1*1402 8127 R.Kamr
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Table 6.2 Continued.

HLA-DR Dw 11th IHW
Cell Line Specificities Allele Number  Contributor
L605.1 DR7 Dw17 DRB1*0701 - R. Karr
29.0.C27 DR10 DRB1*1001 8131 H. Peter
LA163 DRS51(DR1S) Dw2a DRB5*0101 - R. Karr
1467.1 DR51(DR15) Dwi2a  DRB5*0102 - R. Karr
L414.1 DR51(DR16) Dw21a DRBS5*0201 - R. Karr
L575.1 DRS52a Dw24 DRB3*0101 - R. Karr
L1051 DR52a Dw25 DRB3*0102 8134 R. Karr
L5765 DRS52c Dw26 DRB3*0103 - R. Karr
L178 DRS53 DRB4*0101 8138 R. Karr
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6.2.2 Antibodies

Generation of mAbs (NFLD.D1, NFLD.D7, NFLD.D2, NFLD.D§, NFLD.D3
and NFLD.D10) using transfectants as immunogens has been described elsewhere
(9); all are IgG1 antibodies. Other mAbs used in these studies include NFLD.M1
which reacts preferentially with DR4 molecules (Drover et al., 1985) and 1.243 which
reacts with a monomorphic determinant on DR molecules (Lampson and Levy,
1980). 1243 was obtained as a hybridoma from the American Type Culture
Collection. The secondary antibody for CELISA, affinity purified F(ab')2 fragments
of goat anti-mouse IgG + IgM (heavy and light chains) conjugated to horse radish

peroxidase (GAM-HRP), was obtained from Jackson Immunoresearch Laboratories.

6.2.3 Binding Assays and Data Analysis

Optimally-diluted mADbs were tested against the various cell types using a
cellular enzyme linked immunosorbent assay (CELISA) essentially as described for
human BCL (Morris et al., 1982; Drover and Marshall, 1986) with the following
modification for transfectants. After harvesting, the transfectants were left in
bacteriological-type petri dishes, to which they do not adhere, for up to S days. For
assays, transfectant cells were washed and plated in culture medium at § x 10* cells

per well in a 96-well sterile microtiter tray (Linbro) and left to adhere to the plastic
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for a minimum of 2 hours at 37°in a CO, incubator. Medium was removed from the
wells by flicking; cells were washed once in 0.05% Tween 20 (Sigma) in phosphate
buffered saline and assayed as previously described (Drover and Marshall, 1986).

CELISA binding data obtained for test mAbs were analyzed relative to the
positive control (L243) as described previously (Drover et al., 1985). Essentially, a
percent (%) binding value was obtained as follows: the background optical density
(OD) was subtracted from each test and the mean OD value from replicate wells was
expressed as a percent of the mean OD value of the reference mAb 1.243. In order
to compare binding of the test mAbs to transfectants expressing
DRB1*0403/B1*0701 hybrid molecules, the results were double normalized by
dividing the percent binding to the hybrid by the percent binding to the DR(81*0403)
wild type transfectant as follows:

% Binding to DRB1*0403/0701 Transfectant x 100

% Binding to DRB1*0403 Wild Type Transfectant
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63 RESULTS

63.1 Specificity Analysis of DR4 mAbs

Prior to performing specificity analysis, the mAbs were titered using the
appropriate cells. The dilution of 1.243, the DR reference mAb, that gave an OD of
1.5 to 2.0 was chosen as the positive control. For analysis each test mAb was diluted
so that it gave at least 100% binding relative to L243 binding with the immunizing
cells. For most of the DR4 mAbs this dilution gave greater than 100% binding with
BCL expressing the prototype DR4 gene. The reactivity patterns for the mAbs can
be divided into two categories, those that bound all DR4 subtypes and those that
bound some of the DR4 subtypes. With the exception of NFLD.D1 which is a pan-
DR4 with no extra reactions, each mAb also recognized at least one other DR

specificity.
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TABLE 6.3. Reactivity of NFLD.D monoclonal antibodies with human B cell lines.

HLA-CLASS II° Converted CELISA Scores For mAb Binding®
Cell DR DR Alleles D1 D7 D2 D8 D3 D10

Lines® Specificity B1* B3* B4*  BS*

9034 453 0401 0101 8 10 10 10 10 10
9027 4,53 0401 0101 10 10 10 10 10 10
9026 4,53 0402 0101 10 10 1 1 1 1
9030 53 0407 0101 10 10 6 6 6 10
9024 4,53 0406 0101 10 10 6 8 6 10
9098 4,53 0404 0101 10 10 10 10 10 10
HAS15 4,53 0405 0101 10 10 10 6 8 10
9002 1 0102 1 2 10 6 6 10
9003 1 0101 1 4 10 10 8 10
9010 15,51 1503 0101 1 10 6 6 10 10
9011 15,51 1502 012 1 10 8 6 10 10
9009 16,51 1601 02 1 10 10 10 10 10
9016 16,51 1602 02 1 10 10 10 io 10
%023 17,52 0301 0101 1 10 1 1 4 2
9021 18,52 0302 0101 1 10 1 1 1 1
9037 11,52 1101 0202 1 10 1 1 1 1
9038 12,52 1201 0202 1 10 1 1 1 1
9060 13,52 1301 0202 1 10 1 1 1 10

120



TABLE 6.3 Continued

HLA-CLASS I1° Converted CELISA Scores For mAb Binding®

Cell DR DR Alleles DI D7 D2 D8 D3 D10
Lines* Specificity B1* B3* B4* BS*

9059 13,52 1302 0301 1 4 1 1 1 1
9055 13,52 1302 0301 1 6 1 1 1 1
9057 14,52 1401 0201 1 10 1 2 1 8
9064 14,52 1402 0101 1 10 10 10 10 10
9049 7,53 07 0101 1 1 1 1 2 1
9047 7,53 07 0101 1 1 1 1 1 2
9096 7,53 0702 0101 1 1 1 1 1 4
9068 8 0801 0 1 0 2 1 1
%071 8 0802 1 1 1 1 1 1
9070 8 0803 1 1 1 1 1 1
9076 9,53 0901 0101 1 1 1 1 1 6

* refers to the 10th International Histocompatibility numbers designated for the homozygous B cell lines

(reference 10)

> the HLA class II types and splits were obtained from references 10-11

¢ the CELISA data converted to serology scores: 1, 0-10% binding; 2, 11-20%; 4, 21-40%; 6, 1-80%;

8, 81-100%; 10, > 100%:; O, not done.
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6.3.1A mAbs that react with all DR4 molecules

NFLD.D1 was derived from a fusion in which the mouse was immunized with
transfectants expressing DRB1*0403 (CHAPTER §). It reacted positively with DR4
positive BCL (Table 6.3) as well as with DR4 positive peripheral blood B cells (data
not shown), but it did not bind any DR4 negative B cells. This pan-DR4 specificity
was confirmed using transfectant/s expressing individual wild type DRB genes. (Fig.
6.1a). It is apparent that NFLLD.D1 bound all six transfectants expressing individual
DR4 variants and did not bind any transfectant expressing other DRS1 chains, nor
any chains derived from DRB3, DRB4 or DRBS genes. NFLD.D1 is thus specific for
a de :rminant found only on DR4 molecules.

NFLD.M1 was previously shown to bind strongly to DR4 positive BCL and
we: ly to DR3, DRS, DR6, and DR8 positive BCL (Drover et al., 1985). With
transfectants (Fig. 6.1b) this antibody recognized an epitope on all DRB1*04 variants
as | edicted. NFLD.M1 reacted also with transfectants expressing DRB3 genes
(DRS2 variants), but failed to react with those expressing other DRB1 genes (0301,
11C , 1401, 1402) which explains its extra reactions with B cell lines; transfectants
exp :ssing DRB1*08 genes were not available for testing. There was also weak
reactivity with transfectants expressing DRB5*0201.The major reactions of
NFI ).M1 were thus with all DR4 molecules and with molecules containing DRg”

cha s.
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Figure 6.1 Binding of NFLD.D1 (A), NFLD.MI (B), and NFLD.D7 (C) to mouse cell
transfectants expressing DR molecules. The DR specificities and DRB genes expressed by the
transfectants are shown to the left of each panel. Binding of each mAb is expressed as a
percent of L243 as described under methods. Error bars show the standard error of the mean.
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NFLD.D7 was derived from a fusion in which the mouse was immunized with
DAP.3 DR4 transfectants expressing DRB1*0401 (CHAPTER §). As can be seen
from Table 6.3, NFLD.D7 bound strongly to all DR4, DR1S and DR16 positive BCL.
It also bound strongly to most DRS2 positive BCL with the exception of two cells,
9055 and 9059, which expresses DRB3*0301. This complex pattern of reactivity was
elucidated further by analysis with transfectants. The results presented in Fig. 6.1c
clearly show that binding to DR4 positive cells was due to DR4 81°* chains. Binding
to DR1S and I 116 cells was due to molecules encoded by DRB1 (1501, 1502,1601)
and not by DF 35 genes. The data presented in Table 6.3 showing positive NFLD.D7
binding to mo DRS52 positive BCL and negative binding to DRS8 positive cells
(B1*0801, 080 = and 0803), which carry DRS2-like determinants, but do not carry
DRB3* genes [able 6.3), suggested that NFLLD.D7 might bind molecules encoded
by DRB3 gene As can be seen from the reactivity pattern with transfectants (Fig.
6.1¢c) this was « 1firmed; NFLD.D7 only bound DRB3 gene products (DRS2) and did
not bind the . jociated DRBI1 gene products (DRB1*0301, 1101, 1401 and 1402).
NFLD.D7 is ‘:refore reactive with all DR4, DR15 and DR16 and most DRS52

molecules.
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63.1B mAbs that react with a subset of DR4 specificities

NFLD.D2 and NFLD.D8 were derived from the same mouse spleen, while
NFLD.D3 and NFLD.D10 were derived from two different mice. In all cases the
immunizing cells were DAP.3 DR4 (B1*0401) transfectants (CHAPTER §5). The
reactivity patterns for all four mAbs with BCL (Table 6.3) were similar, since they
reacted strongly with cells expressing some DR4 subtypes DR(B1*0401, 0404, 0405)
but did not bind cells expressing DRB1*0402; they differed in the degree to which
they bound cells ex; ssing the DR4 subtypes, B1*0407* and B1*0406. It is also
apparent from Table .3 that these antibodies bound, with varying degrees, to cells
expressing variants of )R1, DR1S5, DR16, and DR14; NFLD.D10 additionally bound
to DR9. Since B cells express at least three class II molecules, the precise target of
each antibody could )t be proven from those data. Transfectants expressing single
species of B-chains ' re useful for this purpose.

Studies using the transfectants confirmed that all four antibodies react
strongly with DRB. 401, 0404, and 0405 and not with DRB1*0402. However,
NFLD.D2 and NF] ).D3 (Fig 6.2a and 6.2c) were essentially negative with
transfectants expres g DRB1*0403 and 0406 genes, NFLD.D8 (Fig 6.2b) bound
weakly, while NFLD 10 (Fig 6.2d) was strongly reactive with the same transfectants.
Binding patterns w  products of the relevant non-DR4 genes showed that he
majority of the pos ‘e reactions of these four antibodies could be attributed to

DRBI1 chains (Fig. « ).
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One notable exception is that the DRS1 transfectant (DRB5*0201) bound all four
mADbs, thus identifying DRS5* as the source of the epitope for all four mAbs in
DR16 positive B cells. Transfectants expressing other relevant DRB genes such as
DRB4, DRB5*01 and DRB3 did not bind any of these mAbs. It is interesting that
the binding patterns of these four antibodies with DR1, DR1S5, and DR14
transfectants were somewhat different from each other (Fig. 6.2) and that these
binding patterns did not always correlate with those obtained with BCL expressing
the relevant genes (F . 6.4). The possibility that chains from other loci e.g. DQ or
DP could bind these 1Abs seemed unlikely from an examination of the rest of the
BCL data; furtherm: :, testing on the 11th IHW panel of transfectants expressing
DQ and DP was neg: ve (data not shown). Thus, these four antibodies recognize a
subset of DR4 mol« ules and in addition a varying constellation of other DR

molecules particulas in the sets coded on DR1, DR14 and DR15 and DR16

haplotypes.
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Wildtype and Hybrid DRB1%0403,0701 cDNA NFLD mAt Reactivity with Transfectants
Constructs Expressed by DAP.3 Transfectants Expressing cDNA Constructs
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3¢ left shows a schematic diagram of the wild type DR(B$1*0403) (open bars),
irs) and the recombinant hybrid DR(B1*0403/0701) (open and hatched bars)
hybrid B chain is referred by four numbers to indicate the origin of the four
mino acid residues -6-21; second number, residues 22-40; third number,
mber, B, domain. 4 = DR($1*0403); 7 = DR(B1*0701); L, leader sequence;
ud domain; TM, transmembrane region; IC, intracytoplasmic region. Sac I,
rst drawing refers to the restriction enzyme sites used in the construction of
panel on the right shows the degree of mADb binding to the hybrid molecules.
ormalized to that obtained for the transfectants expressing DR(B1*0403) wild

ed under methods.
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Because the reaction patterns for NFLLD.D1 and NFLLD.M1 were different, these data
suggest that residues in the second domain form two distinct antibody binding
epitopes.

NFLD.D7, which binds an epitope conferred by DRS1 chains of all DR4,
DR1S, and DR16 molecules and by DRB3 chains of DRS52 molecules (Fig. 6.1¢),
showed a complex binding pattern with the hybrid molecules (Fig. 6.3b). It reacted
strongly with 4474, 4477, and 4447 molecules, and less but significantly with 4744
bybrid molecules. There was no binding with the 7444, 7744 or 7747 hybrid
molecules. This suggests that residues 1-21 on the g1 strand play a major role in the
formation of the NFLD.D7 epitope. However, since binding to 4744 hybrid molecules
was considerably reduced and there was no binding to 4777, it is likely that residues
in other regions of the molecule, particularly HVR-II, also contribute to the integrity
of this epitope.

Of the DR4 mAbs that bind a subset of DR4 molecules, only NFLLD.D10 was
shown to bind strongly to DRS1*0403 molecules (Fig. 6.2d), and was therefore the
only one available for epitope mapping using these particular hybrid molecules. Only
transfectants expressing the hybrid molecules that contained the DRB1*0403
sequence 41-97 (7444, 7744, T747 and 4744) bound this antibody (Fig 6.3b). All other
transfectants expressing hybrid molecules (4474, 4477, 4777 and 7774) were negative
for NFLD.D10. This indicates that one or more residues near the carboxyl end of the

B, domain are required for NFLD.D10 binding.
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6.4 DISCUSSION

The use of three different types of target cell (B cell lines, transfectants
expressing wild-type DR molecules and transfectants expressing hybrid DR4/DR7
molecules) to study these antibodies has allowed considerable progress towards
identifying their epitopes. A summary of the specificity analysis resulting from
reactions with BCL and transfectants is given in Fig. 6.4. Immunofluorescence and
flow cytometry have shown that the antibodies also bind to peripheral blood B cells
(unpublished data). All are IgG1 and could not be studied by complement dependent
cytotoxicity.

The reactions on B cell lines and on L~cell transfectants expressing the same
genes were not always comparable (see Fig. 6.4), despite careful normalization of the
assay results to those for the reference antibody, 1.243. There are many differences
between EBYV transformed B cell lines and mouse fibroblasts, as hosts for DR genes,
that might explain these differences; glycosylation patterns, the amount of invariant
chain available in DAP.3 transfectants, peptide processing pathways and the range
of available peptides for insertion into the groove may differ. The importance of
chaperone-like molecules, such as the invariant chain, and the requirement for
peptide to produce the correct folding of class II molecules has been documenter’

(Anderson and Miller, 1992; Sette et al., 1992; Germain and Hendrix, 1991).
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Figure 4. Summarizes anti-DR4 mAb reactivity with BCL and transfectants expressing
different HLA-DR specificities. +, positive (>40% reactivity); -, negative (< 20% reactivity);
+, weakly reactive (21-40% reactivity); NT = not tested.



It is notable that neither of the antibodies which bound to second domain epitopes
showed any reduction of binding to transfectants while the mAbs which recognized
subtypic determinants on DR4 molecules did. NFLD.D2 was most affected by the
nature of the host cell, which suggests that its binding epitope is more influenced by
peptide-in-the-groove than are the binding epitopes of the other antibodies. An
extreme example of such an antibody is one we have recently produced (CHAPTER
8) that behaves like an alloreactive T cell, recognising the DRB1 *(0401 molecule and
no other; this antibody completely fails to bind to transfectants expressing DRB1
*0401. If alloreactive T cell recognition involves co-recognition of residues on the
alpha helix plus self peptide, as is currently believed (Lechler and Lombardi, 1991)
then it follows that an antibody which can discriminate the same T cell-defined
subtypic variant will also be peptide dependent. Such an antibody was also described
by Murphy et al (1989).

Considering the paucity of mAbs such as NFLD.D1 which define the DR
serotype, it is informative to examine the DR4 81 chains for the presence of unique
sequences. The first possibility is residues 9-13:EQVKH which are located on the
floor of the peptide binding groove (Brown et al., 1993). Two other possibilities are
single residues located in the 8, domain, tyrosine (Y) at position 96, which was
earlier suggested as the polymorphism defining DR4, (Gorski, 1989) and leucine (L)
at position 180 which is near the transmembrane portion of the molecule (Bell et al.,

1987). Although the serological pattern for NFLD.D1 (Table 6.3 and Fig. 6.1a)
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appears identical to that reported for GS359-13F10 (Alber et al., 1989), analysis with
the hybrid molecules indicate that these mAbs bind two disparate epitopes. The
GS359-13F10 epitope was initially localized to the region 41-97 (Alber et al., 1989),
and was later more definitively mapped to 96Y (Maurer and Gorski, 1991). The
possibility that NFLD.D1 might also map to 96Y was examined in relation to the
binding patterns obtained with the hybrid molecules (Fig. 6.3). Since it did not bind
any transfectants that expressed the DR4 sequence 41-97 unless the DR4 g, domain
was also present, 96Y is unlikely to be important for NFLD.D1 binding. Even if
binding is partly dependent on the sequence YPE (96-98), which is normally found
only on wild type DR4 molecules, then NFLLD.D1 would be expected to bind the
hybrid molecules 7747 and 4447 because DR7 carries E98 and DR4 carries YP (96-
97). Thus lack of binding of NFLD.D1 to hybrid molecules carrying YPE in the
absence of the DR4 8, domain, suggests that other residues in the 8, domain are
critical for NFLLD.D1 binding. A possible candidate for the NFLD.D1 epitope is
180L. Experiments are in progress to test this hypothesis.

Attempts to map antibody epitopes on DR hybrid molecules without first
identifying the DRB chain that confers the binding epitope, can lead to errors. For
example, our earlier studies using BCL and DR hybrid molecules suggested that the
epitope for NFLD.M1 is located in the second domain of DRA1 chains expressed by
DR4, DR3, DRS, DR6 and DRS8 positive cells (Alber et al., 1989; Drover et al,

1985). Based on these findings we predicted that the critical residue was Threonine
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(T) at position 140 on DR 81 chains. When the analysis was extended, in the present
studies, to include transfectants which express individual g1, 83, 84 and BS chains
(Fig 6.1b), NFLD.M1 was found to bind transfectants expressing DRB3*0101, 0201
and 0301 genes, but not to those transfectants expressing DRB1*0301, 1101, 1401 and
1402. Furthermore, comparison of the sequences of DRBS3 chains shows that they do
not have 140T; neither do they have any residue in the first or second domain that
is unique to DR52 and DR4 molecules. Thus, although we have confirmed that
NFLD.M1 binding is critically influenced by residues in the 2 domain of DR4
molecules, the epitope appears more complex than we had earlier anticipated.

A further example of the complexity of antibody binding epitopes is
illustrated by NFLD.D?7. Its specificity is similar to NFLD.M1 in that it binds DR4
and DR52 molecules; unlike NFLD.M]1, it also binds DR15 and DR16 81 chains.
Analysis with the hydrid molecules shows that NFLD.D7 binding is mainly influenced
by residues near the amino terminus of the B, domain, notably residues 1-21.
Comparison of DR sequences does not reveal any residues unique to DR4, DR1S,
DR16 and DR52 molecules. Furthermore, residues 1-21 which are important for
NFLD.D7 are unlikely to be available for antibody binding (Brown et al,, 1993). It
seems likely then, that NFLD.D7 recognizes a conformational determinant that is
dependent on the interaction of residues in HVR-I and HVR-II regions of DR4
molecules. Formation of this epitope may depend on different regions in DR1S,

DR16, and DR52 molecules.
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Epitope mapping with NFLD.D10 showed that the sequence 41-97 in
DRB1*0403 is essential for preservation of its epitope (Fig. 6.3b); unfortunately,
mapping experiments with the hybrid molecules were not feasible for NFLD.D2,
NFLD.D3, and NFLD.D8 since they either do not bind (or bind poorly) to
transfectants expressing DRB1*0403. However, the similarities in specificity between
these four antibodies when exposed to other DR4 subtypes, both in transfectant and
BCL forms, suggest that they too probably bind to an epitope involving the sequence
41-97.

The four antibodies to DR4 subtypes show reaction patterns that parallel, to
varying degrees, the presence of a "shared sequence" that is associated with
susceptibility to development of RA (Gregersen et al., 1987; Duquesnoy et al., 1984).
This sequence at positions 70-74 on the beta chain is QKRAA on DRB1*0401 and
QRRAA on the other DR4 alleles that are associated with RA (DRB1* 0404, *0408)
and on the DR1 and DR14 alleles that are similarly associated (DRB1*0101,*1402).
An analysis using site-directed mutagenesis of relevant DRB genes to map these

epitopes at the level of single amino-acid substitutions is underway.
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CHAPTER 7

AMINO ACIDS IN THE PEPTIDE-BINDING GROOVE INFLUENCE
AN ANTIBODY-DEFINED, DISEASE-ASSOCIATED HLA-DR EPITOPE!

7.0 ABSTRACT

A shared amino acid sequence on the alpha helix of certain DRA1 chains is
predicted to generate a "shared epitope™ that is implicated in susceptibility to the
development of rheumatoid arthritis (RA). Different relative risks (RR) for disease
susceptibility and severity conferred by these DRB1 chains suggest that their "shared
epitopes" are not equivalent. A set of monoclonal antibodies that map to the critical
region, and for which optimal binding depends on DR context and cell lineage, was
used to test this idea. Mapping experiments using mutated DRg1* molecules showed
that the antibody-binding epitopes are overlapping; residue 70Q is pivotal for each,
but neighbouring residues on the alpha helix and on the floor of the groove are also
involved. Importantly, these epitopes are profoundly modified by peptide loading of
DRA1*0401 molecules. These data suggest that "shared epitopes™ on DR molecules
that are associated with RA are influenced by their context; such structural
modifications may be the basis for the varying susceptibilities conferred by these DR

molecules for the development of RA.

'In Press: Sheila Drover, William H Marshall, William W Kwok, Gerald T Nepom, Robert W Karr,
Scandinavian J Immunology, 1994
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71 INTRODUCTION

HLA molecules, which are encoded by the major histocompatibility complex
(MHC), are important for binding and presentation of antigenic peptides to T
lymphocytes. These HLA molecules show extensive polymorphism and in some cases
are associated with susceptibility to autoimmune diseases (Nepom and Erlich, 1991).
HLA-DR4 was found to confer risk (Stastny, 1978) for the development of
Rheumatoid Arthritis (RA). However, this risk was not absolute and in some studies
in which the prevalence of DR4 was low, DR1 was shown to confer susceptibility
(Stastny, 1980). Finer definition of the HLA alleles using T cell typing and molecular
methods showed that the DR4 specificity was composed of a family of alleles (DR4-
Dw variants) whose risk for RA varied considerably (Zoschke and Segall, 1986;
Nepom et al., 1986).

A unifying hypothesis that became known as "the shared epitope
hypothesis® (Gregersen et al., 1987) emerged from the discovery of a shared
sequence 70-74:QKRAA/QRRAA on the DRA1 chains of DR4 and DR1 molecules
and a similar séquence (RRRAA) on DR10 molecules (Gregersen et al., 1986; Bell
et al., 198S; Winchester and Gregersen, 1988; Merryman et al., 1988). Importantly,
DRZB1 chains which have one or more non-conservative substitutions in this region,
including those contained in the same DR4 context (eg. DRS1*0402 and 0403), are

associated with resistance to the disease (Winchester and Gregersen, 1988; Amar et
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al., 1982; Wordsworth et al., 1989). Further evidence for this hypothesis came from
the finding that a rare DR6 allele (DRB1*1402), which carries the same shared
sequence, is strongly associated with RA in two North American Indian populations
(Willkens et al., 1991; Nelson et al., 1992).

The presence of a "susceptibility sequence™ in approximately 90% of RA
patients of Caucasoid origin (Nepom and Erlich, 1991; Wordsworth et al., 1989;
Wallin et al.,1991), implies that the resulting structures on the expressed DR
molecules play an influential role in the development of RA. It has been proposed
that structures formed by these shared sequences might be conformationally
equivalent (Winchester and Gregersen, 1988); yet the relative risk (RR) for
developing severe RA is significantly higher when the shared sequence is present on
DR4 molecules than when it is present on other DR molecules (Wordsworth et al.,
1992; Weyand et al., 1992). Analysis of the published sequences (Gregersen et al.,
1986; Bell et al., 1985; Merryman et al., 1988; Marsh and Bodmer, 1992) shows that
amino acid residues on the beta strands that make up the floor of the grooves of
DR4, DR1, DR14 and DR10 molecules are quite dissimilar. Thus, the varying
degrees of risk and severity conferred by these molecules may be related to
differences in DR context, peptide binding or orientation, and/ or subsequent
conformational alterations to their "shared epitopes". By increasing our
understanding of the topography of these structures, some insight into their role in

RA and other autoimmune diseases may be gained.
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We have previously shown that four mAbs (NFLD.D2, NFLD.D3, NFLD.D8
and NFLLD.D10) have similar specificities and that they bind specifically to those DR
molecules associated with RA (CHAPTER 6). In the present study, we have extended
previous work which suggested that the integrity of these epitopes on the relevant
DR molecules is affected by their DR context and by the cells on which they are
expressed. Epitope mapping studies for each of the antibodies were performed using
a series of DRBA1 mutants produced by site-directed mutagenesis of the relevant
DRB1 cDNA. Finally, the contribution of bound peptide in the formation of these
epitopes was addressed using an antigen-processing mutant that had been transfected
with DRA and DRB1*0401 genes. The combined results from these studies indicate
that amino acid substitutions at positions predicted to be involved in peptide binding,
and/or changes in peptide processing and presentation, alter the structure of the

wshared epitope™ that is associated with the development of RA.
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72 MATERIALS AND METHODS

72.1 Cells

Homozygous human B cell lines (BCL) obtained through the 10th
International Workshop (IHW) and the DRB genes that they express are as follows:
WTS1, DRB1*0401 and B4*0101 MT14, DRB1*0404 and B4°0101; KASI116,
DRB1*0101; AMALA, DRB1*1402 and B3*0101; SCHU, DRB1*1501 and B5*0101;
MGAR, DRB1*1501 and B5*0101; E4181324, DRB1*1502 and B5*0102; KASO11,
DRB1*1601 and B5*0201 (CHAPTER 6). The cell line HAS1S (DRB1*040S5 and
B4*0101) was kindly provided by H. Mervart through the 9th IHW (Gross-Wilde et
al,, 1984). Mouse cell transfectants were cells of the DAP.3 subclone of class II-
negative murine L cell fibroblasts, which had been transfected with DRa and DRg
¢DNA, and have been described elsewhere (CHAPTER 6, Inoka et al., 1992). They
include 1.243.6, DRB1*0401; L165.6, DRB1*0404; L.566.H6, DRB1*040S5; DAP3-
DR1, DRB1*0101; L182.1, DRB1*1402; 1.466.1, DRB1*1501; L468.5, DRB1*1502;
L414.1, DRB5*0201; L164.11, DRB1*0402; L168.2, DRB1*0301 and L.91.7,
DRB1*1101. The T2 mutant (Riberdy and Cresswell, 1992) expressing DRB1*0401
(T2-Dw4) was made in GT Nepom's laboratory (unpublished data). Human BCL
were maintained in RPMI-1640 containing 10% heat inactivated fetal bovine serum,

2mM sodium pyruvate, 50 units/ml penicillin and SOug/ml streptomycin (all obtained
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from Gibco, Grand Island, NY). Mouse cell transfectants were maintained in DMEM
(Gibco) containing the same supplements plus S x 10°M 2-mercaptoethanol (Sigma,

St. Louis, MO).

722 Generation of DRB1* Mutants

The DRB1*0401 mutants used for epitope mapping were derived by site-
directed mutagenesis of DRB ¢cDNA as previously described (Karr et al.,, 1990). In
each mutant, a single amino acid residue found in the wild type DRS1*0401 chain
was replaced by the residue found at the same position of another DRB1 allele.
Thus, positions 37, 57, 67, 70, 71, 74 and 86 were substituted using residues from
other DR4 subtypes; another DRB1*0401 mutant was made with residue 70R
substituted from DRB1*1001. Positions 9, 11, 13, 28, and 30, which are conserved
among the DR4 subtypes, were substituted with residues from DRB1*0701. In a
reverse approach several wild type genes, whose products do not bind the antibodies,
were mutated at critical points in attempts to create epitopes for these antibodies.
Thus, mutants with the following substitutions were generated: DRB1*0402 (70D-Q);
DRB1*1101 (70D-+Q);  DRB1*1101 (70D~R) and DRB1*0301 (73G-A).
Transfectants expressing class II molecules were isolated and maintained as

previously described (Klohe et al., 1988).
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72.3 Antibodies

The mAbs NFLD.D2, NFLD.D3, NFLD.D8 and NFLD.D10 are murine
monoclonal antibodies made using L cell transfectants as immunogens, and were
previously shown to have similar binding patterns with DR4 variants: §1°0401, 0404
or 0405 (Drover et al., 1992). Control mAbs used to show that the overall integrity
of the mutated DRB1*0401 molecules was not drastically altered, included the
following: SGS20 (obtained from Sanna Goyert, North Shore University Hospital,
Manhasset, NY) and GSP 4.1 (obtained through the 10th THW) which bind
monomorphic determinants on DR molecules (Goyert and Silver, 1981; Knowles et
al, 1989); SOD6 and 21rS (obtained from Michelle Letarte, Hospital for Sick
Children, Toronto, Canada), which bind all DR molecules except DR7 (Letarte et
al., 1985; Addis et al., 1982), and map to regions 1-40 and 41-97, respectively, on the
B1 chains (Addis et al., 1982; Alber et al., 1989); 35913F10 (obtained from Susan
Radka, Oncogen, Seattle, WA) and NFLD.D1, which bind all DR4 molecules (Alber
et al, 1989; Drover et al, 1992) and map to different regions of the g, domain
(Maurer and Gorski, 1991;CHAPTER 6). 1.243, obtained from ATCC, binds a
monomorphic determinant on all DR molecules that is dependent on DR a chain
sequences (Lampson and levy, 1980; Fu and Karr, 1994) and was used as a reference
control for DR expression in all these experiments. Affinity purified F(ab')2

fragments of goat anti-mouse IgG + IgM (heavy and light chains), which were
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conjugated to horse radish peroxidase (Jackson Immunoresearch Laboratories, Inc.,
West Grove, PA), were used as the secondary antibody for CELISA. The secondary
antibody used for immunofluorescence and flow cytometry was fluoresceinated goat

anti-mouse IgG (Organon Technika-Cappel, Malvern, PA).

72.4 Binding Assays and Data Analysis

Antibodies were tested in duplicate, usually on two to three different occasions
using either a live cell enzyme-linked immunoassay (CELISA) or
immunofluorescence and flow cytometry as previously described (Klohe et al., 1988;
Drover and Marshall, 1986). Various concentrations of mAbs, culture medium or
irrelevant mouse IgG (negative control), and optimally-diluted 1243 (anti-DR
positive control), were tested on BCL and on transfectants expressing either wild type
or mutated DR molecules. To reduce any artifacts that might result from differences
in the level of DR expression on these cells, CELISA data on the test mAbs were
analyzed relative to the positive control, 1.243. Essentially, a percent (%) binding
value was obtained as follows: the background optical density (OD) was subtracted
from each test OD and the mean OD value from replicate samples was expressed as

a percent of the mean OD value for 1.243.
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For some of the experiments the data were double-normalized as follows:

OD test mAb on non-DRA1*0401 or mutant - background OD/

OD reference mAb on non-DRA1*0401 or mutant - background

OD test mAb on DRS1*0401 - background OD/

OD reference mAb on DRBA1*0401 - background

Binding assays done using immunofluorescence were analyzed on a Coulter Epics 753
flow cytometer (Coulter Cytometry, Hialeah, FL) to determine the mean channel
fluorescence (MCF) of each sample. The mean fluorescence (MF) was calculated
from the MCF by the formula MF = 10MC/%33 The data were double normalized

using the same formula as shown above, but with MF substituted for OD values.

72.5 Statistical Analysis

The significance of differences in mAb binding to relevant DR molecules
expressed on BCL and mouse cell transfectants was determined by non parametric
(Wilcoxan) analysis of the paired data. To determine if mAb binding to transfectants
expressing mutated DRS1*0401 molecules was significantly different from that

obtained for the transfectant expressing wild type DRS1*0401 molecules, a one way
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analysis of variance (ANOVA) was performed; corrected Bonferroni p values (Bailar
and Mosteller, 1992) were obtained. Both statistical methods were performed using
a computer program called INSTAT (Graphpad Intuitive Software for Science, San

Diego, CA).

73 RESULTS

7.3.1 The Topography of Shared Epitopes on DR Molecules Differs with Cell

Lineage

Previous work, which is summarised in Table 7.1, suggested that the antibody
binding epitopes for NFLD.D2, NFLD.D3, NFLD.D8 and NFLD.D10 were
determined primarily by the amino acid sequence 70-74:QKRAA/QRRAA on the
HI.A-DRBZ1 chains that are predicted to carry the putative RA shared epitope. There
were also extra reactions including binding to BCL expressing DR1S and DR16
haplotypes which are not associated with RA (Nelson et al, 1992; Ollier and
Thbmpson, 1992). It was subsequently shown, using mouse cell transfectants
expressing a single DR specificity, that these mAbs bind molecules carrying DRg1*15
or DRB5*02 chains that contain the sequence 70-74:QARAA; they did not, however,
bind transfectants expressing DRS1*16 or DRS5*01 chains that contain the sequence

70-74:DRRAA (Table 7.1 and CHAPTER 6).
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Table 7.1. Comparison of 8, domain sequences® of I1L.A-DR beta chainy, their association with susceptibility to rheumatoid arthritis (RA)° and the relative mAb hinding' to BCL expressing
these alleles.

HLA-DR Specificity

Amino acids in the 81 domain

NFLD.mAb binding

Sero-

Allele

10

1

12

13

26 28 30 31 32 33 37 47 57 S8 67 70 71 72 73 74 77 8§ 86 RA Do D8 D3 D2
type
DR4 Br*oa0t |[E Q V K H ¥ D Y F ¥ H Y Y D A 1L O KR A A T V G [+ I
DRE  BI*0403 |- - - - . oL S N O O O N
DR4 BI*0405 {- - - - - - - . o . o . . § . S I O PO
DR1 B1*0101 | W - L - F I E C I - N S - - - - R - - - - - - + 4+ s+ ‘s
DR14 Bi"1402 |- Y S T S F - - H N N - - - - R - - - - . - + +4 +4 P s
DR14 BIl1*1401 |- Y S T S - D - - H N F A - R R - - E - - v 0/+ + - - .
DR2 B5%0201 {Q - D - Y - H G 1 - N N - 01— A oo oo AN e s e e e
DR2 Bi1*1501 [W . P . R - - - - - N S F - - i - A - - - - - \Y 0/- . + ‘e +/.
DR2 B1*1502 (W . P . R - - - - - N S ¥ - - | A - - - - . - 0/- 4 + ‘e +
DR4 B1*0403 |- - - - - - - - - - - - - R - . . . . . FE - - v W- PN + . v
DR3  B1+o3m |- Yy 8 T S Y - - - H N N & . - . . G R N . v 0 -
DR4  Bl+0402 |. . - - - . . . . - - . - ] n ¥ - - - .- - v . - . .
DRI11 Bi*1101 |- Y S T S - - - - - N - K - E F )] R - - - - - - 0/- - - -
DR7 B1+0701 |W . G - Y - F [, - - N F - \) - I N R - G Q - - - 0/-

* amino acid sequences, given in the one letter code. were derived from Marsh and Bodmer, (1992).
* Rheumatoid arthritis sssociation with HLA-DR alleles: +, positive; -, negative; 0, neutral (references ')

‘ mADb binding is referenced to L243 as described in methods; binding is scored as follows: -, <25% binding; -+

1

Associations are described in CILAPIFR 2, Table 2.1

26-20%; +,

§1-75%; ++, 76-100%.



An interesting observation was that the antibody binding patterns differed according
to whether the DR molecules were expressed on BCL or mouse cell transfectants.

To further analyze the phenomenon of differential binding to BCL and
transfectants expressing the relevant DR genes, parallel studies (CELISA) were
performed using three of the mAbs, NFLLD.D2, NFLD.D3 and NFLD.D10. Statistical
analysis of the paired data for each mAb (Table 7.2) revealed highly significant
differences in NFLD.D2 binding to BCL and transfectants. The greatest contrast
occurred for paired cells expressing DRB1*0101, 1402, 1501, and 1502. Differences
in NFLD.D3 binding to BCL and transfectants were marginally significant due mainly
to dissimilar binding to paired cells expressing DRB*0101 and 1501. NFLD.D10
bound similarly to both cell types. The most conspicuous differences between mAb
binding to BCL and to transfectants were revealed when binding obtained for each
on-DRB1*0401 cell was double normalized to binding obtained for DRB1*0401.
Paired data for each mAb are shown in Fig. 7.1. The salient feature is that NFLD.D2
reacted strongly with DRA1*1402 expressing-BCL, but not with the relevant
transfectant, while NFLD.D3 and NFLD.D10 reacted equally well or better with this
transfectant than with the BCL. In addition, weak NFLD.D2 reactivity with

DRA1*1501 molecules on BCL vanished on the transfectants.
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Table 7.2. Comparison of mAb binding® to DR molecules expressed on B cell lines (BCL) and mouse cell

transfectants (TFS).

NFLD.D2 NFLD.D3 NFLD.D10

T A-DR*

BCL TFS BCL TFS BCL TFS
B1*0401 126 + 8. §° 101 £ 1.8 113+ 3.4 96 + 2.7 125 £ 4.8 122+ 1.8
B1*0404 121+ 7.5 82 £ 0.95 11174 93 + 3.1 126 £ 9.5 132 £ 4.3
B1*0408 88 + 54 94 £ 3.6 86 = 2.3 98 = 2.4 92 + 1.9 126 + 7.4
B1*0101 105 + 5.4 5113 76 + 3.8 47+ 1.9 124 £ 2.8 119 £ 2.5
B1+1402 136 + 6.4 14 + 4.8 112+ 0.9 91 + 5.5 139 £ 9.0 163 + 5.4
BS5*0201 117 £ 6.6 111 214 11 +£73 114 £ 3.7 120 £ 7.3 129 £ 6.3
B1*1501 30+ 09 2.2+22 88 £ 2.7 5+ 3.4 116 + 8.1 88 + 6.2
B1+1502 86 + 6.4 21+ 19 103 % 4.1 98 + 0.96 13310 126 + 4.3
Wilcoxan p’ = 0.0156 p = 0.0547 p = 0.6406
Test

* mAb binding measured in CELISA and normalized to the reference DR control, L243, as described In methods,

* DRB alleles expressed by transfectants and BCL." mean of replicate samples + standard error of the mean.
¢ two tailed p values.






Other points to note are: i) all mAbs bind more avidly to DRS1*0405 and
DRp5%*0201 when the genes are expressed in transfectants, while all mAbs bind
DRA1*1501 molecules more avidly when they are expressed in BCL; ii) NFLD.D2
and NFLD.D3 binding to DRA1*0101 molecules, which were somewhat reduced on
BCL, was significantly reduced on transfectants; iii) all three mAbs bind differently
to cells expressing DRB1*1502 molecules: NFLD.D2 binds poorly, but more avidly,
to BCL than to transfectants; NFLD.D3 binds better to transfectants, while
NFLD.D10 binds equally well to both. Taken together these data show that epitopes
generated by shared sequences vary according to both the structure of the rest of the

DR molecule and to the cell type on which the molecule is expressed.

732 Contribution of Residues on the Alpha Helix and on the Floor of the Peptide
Binding Site to '""Shared Epitopes' on the Alpha Helix of DRS1*0401

Molecules

Comparison of the reactivity patterns for these mAbs with the available
sequence data, suggested that the putative RA susceptibility sequence (70-74) is
influential in forming these epitopes, and that 70Q may be critical (Table 7.1).
However, since these mAbs do not bind all DR molecules carrying 70Q and since

they show a gradient of reactivity with DR molecules containing the putative RA
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susceptibility epitope, it was predicted that other amino acids, including peptide
binding residues might be involved in formation of these epitopes. To test this
hypothesis binding was analyzed on a panel of DRS1*0401 mutants, each containing
a single amino acid substitution (Fig. 7.2A), including non-conservative substitutions
(70Q-D, 71K~E, 74A-E, S7D-S, 37Y-F 30Y-L, 13H-Y and 9E~W) and
conservative substitutions (86G-~V, 67L~1, 71K~+R, 28D-E and 11V-G).

To ensure that the structural integrity of the DRag1*0401 mutated molecules
had been maintained, the mutants were analyzed with several well-characterized
mADbs. Binding of the two monomorphic mAbs, GSP 4.1 and SG520, to the mutant
molecules were identical to that obtained for wild type molecules (data not shown).
The DR4-specific mAbs (359 13F10 and NFLD.D1), which map to different regions
of B, domain and two mAbs (S0D6 and 21rS5), which map to different regions of the
B, domain showed no significant variation in binding to mutant molecules from that
observed for wild type molecules (Fig. 7.2B). These data suggested that the overall
structural integrity of the mutated DRS1*0401 molecules had been maintained, thus

permitting confident analysis of the following data on antibody binding epitopes.
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Figure 7.2. A) Schematic representation of the class II peptide binding site. The
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Assays were carried out on four dilutions of NFLD.D2, NFLD.D3, NFLD.D8
and NFLD.D10. Relative binding of mAb at each concentration to the various
transfectants was cumulated (Fig. 7.3) and relevant statistical analysis of the
cumulative binding scores is shown in Table 7.3. The most striking effect is
abrogation of binding of all four mAbs by the substitution 70D for 70Q (corrected
p value, < 0.001). These data are consistent with the previously observed negative
binding of all four mAbs to DRS*0402 and to all other molecules containing
DRg1*:70D (CHAPTER 6). In a separate experiment (shown in Table 7.4) the
substitution 70Q-R resulted in significant loss of NFLD.D10 binding and total loss
of NFLD.D8, NFLD.D3 and NFLLD.D2 binding, thus confirming previous findings
with 70R positive wild type molecules (Table 7.1 and unpublished data). No other
substitutions on the alpha helix of DRS1*0401 molecules altered NFLD.D10 binding.
However, the substitution 57D-S resulted in increased binding of NFLD.DS,
NFLD.D2 and NFLLD.D3, while the substitutions 67L~1, 71K-+R, 71K~E, 74A~E, and

86G-V decreased the binding of one or more of the antibodies (Fig. 7.3).
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Figure 7.3 Epitope mapping for NFLD.D2, diluted 1/10-1/80; NFLD.D3, diluted
1/2-1/16; NFLD.D8, dih ed 1/100-1/800; NFLD.D10, diluted 1/100-1/800 with
DRA1*0401 mutants shown in Fig 7.2. The relative binding of each mAb to each
DRB1*0401 mutant is shown on a cumulative scale, with each division in a histogram

representing the % bind  of each respective dilution of mAb to the various cells.
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Significant alterations in mAb binding to mutants were ascertained by Bonferroni
corrected p values (Table 7.3); they include NFLID.D2 binding to 671 (p< 0.01), 74E
(p<0.001) and 86V (p<0.05); NFLD.D3 binding to 74E (p< 0.001); NFLD.D38
binding to 671 (p<0.05) and 74E (p<0.01). Alterations in binding caused by
replacements 57D-S, 71K~R and 71K~E were insignificant (corrected p value,
>0.05).

Three substitutions on the floor of the groove (9E-W, 11V-G, 13H~Y) had
only trivial effects on binding (Fig. 7.3); for example, increased NFLID.D10 binding
to the 11G mutant was insignificant (corrected p > 0.05). However, the binding of
NFLD.D2, NFLD.D3 and NFLD.D8, but not of NFLD.D10 was modified
considerably by at least one of the other substitutions (28D~E, 30Y-L and 37Y-F).
The statistical analysis (Table 7.3) shows that reductions in NFLLD.D2 and NFLD.D3
binding to the 28E mutant were significant (p < 0.001 and < 0.01, respectively), while
NFLD.D8 binding was unaffected. Increased NFLLD.D3 binding to the 30L mutant
was also significant (p < 0.01), while increased NFLD.D2 and NFLD.D8 binding to
the same mutant and reduced binding by all three mAbs to the 37Y mutant did not

reach significance when the Bonferroni correction was applied.
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Table 7.3 Monoclonal antibody binding to wildtype and mutated DRS*0401 molecules, expressed as mean cumulative scores” and analyzed
by ANOVA®.,

Amino NFLD.D2 NFLD.D3 NFLD.D8 NFLD.D10
2;:‘,,# X¢ SEM* p° X SEM p X SEM p X SEM p
Wild Type 366 6.8 277 107 347 106 385 1.7

28: D—E 205 168  <0.0001*** 170  13.0  0.0002** 352 144 0.074 04 78 037
30: YL 440 79 0.007 375 8.1 0.0004** 384 112 0.038 06 69 032
37: Y-F 291 9.0 0.0061 218 5.9 0.01 313 137 0.057 415 47 0.16

67: Ll 253 273 0.0004** 296 19.3 0.34 283 5.6 0.0024* 401 22,1 0.45
70: QD 122 838 <0.0001*** 8.8 2.5 <0.0001*** 8.2 2.2 <0.0001*** 10.8 2.8 <0.0001***
74: A—E 17 12§ <0.0001*** 131 9.3 0.0001*** 258 15.3 0.002** 372 152  0.49

86: GV 275 25.8 0.002* 214 17.3 0.007 299 11.0 0.012 389 1.7 >0.8

b

% binding of each mAb sample was cumulated as shown in Fig. 7.3
ANOVA - analysis of variance; ¢ X, mean % of replicate samples; ¢ SEM, standard error of the mean

' p, uncorrected probability values; Bonferroni corrected p values: * = p<0.05; ** = p<0.01; *** = p<0.001



73.3 Reconstitution of Antibody Binding Epitopes in non-DRS1%#0401 Context

The above studies showed that 70Q was critical to these antibody binding
epitopes, and that other residues contributed to epitope formation. It was, therefore,
pertinent to see whether these epitopes could be reconstituted by making a simple
70D-Q replacement in otherwise non-reactive molecules. For example, DRS1*0402
has the same framework as the prototype DRB1*0401 with the exception of
substitutions 671, 70D, 71E and 86V, while DRB1*1101 carries substitutions 67F, 70D
and 86V, but differs contextually. The data presented in Table 7.4 show either full
or partial reconstitution of all four epitopes on the DRS1*0402:70D~Q mutants.
Similarly, the other epitopes, except for NFLD.D2, were reconstituted on
DRg1*1101:70D-Q.

Since NFLD.D10 was previously shown to bind to certain wild type DR
molecules containing DRA1:70R (Table 7.1, unpublished observations), an attempt
was made to recreate this and the other epitopes by substituting 70R for 70Q or 70D.
It can be seen from Table 7.4 that DRS1*1101:70D—~R resulted in positive
NFLD.D10 binding,whereas DRB1*0401:70Q-R resulted in a profound loss of
binding. Aside from trivial binding of NFLD.D8 to DR81*1101:70D~R molecules,
none of the other antibodies reacted with these mutants. The absence of these
antibody binding epitopes, particularly that of NFLD.D10, on DR3 molecules was

curious since DRB1*03 chains carry 70Q.
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Table 74. mAb binding" to mouse cell transfectants expressing wild type (WT)
and mutated DRBI1* genes.

NFLD. 0401: 0401: 0402: 0402: 1101: 1101: 1101: 0301: 0301:
mAb WT 70 WT 70 WT 70 70 WT 73
Q-R D-—Q D-Q D-R G—~A
D10 +++ % - +++ - +++ 4+ - +++
D8 +++ - - +++ - ++ + - +
D3 +++ - - +++ - ++ - - +
D2 +++ - . ++ - + - - -

* mAb binding was measured by immunofluoresence and double normalized as
described in methods; - <10%; +, 11-25%; +, 26-80%; ++, 51-75%; +++,>75%.



However, it differs from DRA1*04 chains at amino acid positions 73, 74 and 77 on
the alpha helix, and at several positions on the beta strands. Based on the finding
that NFLD.D10 binding is unaffected by position 74 (Fig 7.3) and the knowledge that
position 73 is important for an antibody binding epitope on DR3 molecules (Nelson
et al, 1992), it was predicted that 73G on DR3 molecules might prevent the
formation of the NFLD.D10 binding epitope. To test this hypothesis, the antibodies
were analyzed on transfectants expressing wild type and mutated DRA1*0301
molecules in which 73A (DRA1*0401 context) was substituted for 73G. As predicted
and shown in Table 7.4, there was substantial reconstitution (80%) of NFLD.D10
binding; there was also partial reconstitution (45%) of NFLD.D8 binding. However,
the binding epitopes for NFLLD.D2 and NFLLD.D3, which were shown to be the most

sensitive to DR context, were not reconstituted.

7.3.4 Peptide Loading of the Groove Influences the Topography of Shared Epitopes

on the Alpha Helix

The above data indicated that optimal expression of some of these epitopes
required a contribution from residues in the HLA groove that are predicted to bind
peptide. This, together with altered binding to DR molecules expressed on mouse

cells (Fig.7.1), suggested that peptide in the groove might also be involved. To further
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investigate this idea, an antigen processing mutant, T2, was employed; this cell line
was previously shown to express transfected DR3 molecules that were
conformationally unstable and associated with a large invariant chain peptide
(Riberdy and Cresswell, 1992; Sette et al., 1992). Thus, T2 cells, which were
transfected with DRA and DRB1*0401 genes (T2-Dw4), were used as targets in
CELISA in which several different concentrations of antibody were used.

The expression of DR4 molecules on T2-Dw4, as detected by the DR4-
specific mAb (NFLD.D1), was approximately 80% of that found on a normal BCL
(WTS1) which expresses wild type DRB1*0401 (data not shown). Binding of
NFLD.D2 and NFLD.D8 to the T2-Dw4 mutant was profoundly reduced even when
the antibodies were used at saturating concentrations (Fig. 7.4).

NFLD.D3 binding was also conspicuously decreased, requiring 100x more antibody
to give 50% binding. NFLD.D10 binding, which was earlier shown to be the least
affected by DR context, was the least modified with about a 5-fold reduction in
binding to T2-Dw4 as compared to the normal BCL. Thus, the data support the
hypothesis of peptide involvement since those same mAbs whose binding patterns
were most affected by cell lineage and/or DR context, also had significantly altered

binding to T2-Dw4.

le61l



200

= NFLD.D2

- NFLD.D3

* NFLD.D1O

- NFLD.DS8 I,

150 - !
/
!
o
=
©
k=
o
® 100 |
=
ko
D
o
50 +-
0
1 10 100 1000 10000

NFLD mAb (nanograms/mil)

Figure 7.4. Comparison of mAb binding to a homozygous BCL, WTS51 (solid line)
expressing endogenous DRB1*0401 and mAb binding to an antigen processing
mutant, T2-Dw4 (broken line) expressing transfected DRB1*0401. Several
concentrations of mAbs (displayed in inset) were tested in CELISA and the results

are shown as relative binding, which was calculated as described under methods.
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74  DISCUSSION

The critical amino acids in the shared sequences (67-86) on those DRg1
chains that are implicated in RA are oriented so that their side chains are involved
in peptide binding and/or T cell recognition (Brown et al., 1993). The importance
of positions 67, 70, 71 and 74 was implied from the discovery that DR4 variants
which are neutral or confer protection against the development of RA have major
substitutions at one or more of these positions. Thus, DRS1*0402 carries a
conservative substitution at position 67 (isoleucine for leucine) and non-conservative
substitutions at positions 70 (aspartic acid for glutamine) and 71 (glutamic aad for
lysine or arginine), while 81*0403 carries a non-conservative substitution at position
74 (glutamic acid for alanine). In both variants, the non-conservative replacements
impart a negative charge on this region (Watanabe et al., 1989). Further support for
the importance of this region in immune responsiveness comes from a mouse model
in which the equivalent positions 67, 70 and 71 on the I-Ag chain were shown to be
critical in determining susceptibility or resistance to the development of an
experimentally-induced autoimmune response in H-2° and H-2"2 mice (Mengle-Gaw
et al, 1984; Hochman and Huber, 1984). The concept that a shared structure
containing these critical residues is somehow implicated in the development and
pathogenesis of RA is tenable, but the mechanism by which it does this has remained

an enigma. It seems likely that the framework of the different DR molecules that
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carry the RA "susceptibility sequence™ and the capacity of these molecules to bind
and orient various peptides are important in determining the topography of the
shared structure. Thus, a structure formed by a certain sequence on DR4 molecules
may have a different conformation from that formed by the same sequence on DR1
molecules. The experimental evidence from this study in which mAbs were used as
probes to map the topography of these shared regions, supports this idea.

The epitopes for the four antibodies in this study are formed by residues in
a sequence on DR molecules that are implicated in susceptibility to the development
of RA and possibly other diseases with an autoimmune component. Subtle variations
in these epitopes, which were perceived from differential antibody binding with
relevant DR molecules expressed on mouse and human cells, were further clarified
by epitope mapping. From these studies, emerged a picture of overlapping structures
with 70Q forming the core, but with other residues making a significant contribution
to the formation of each epitope (Fig. 7.5). These residues are at positions 86, 74, 67
and 28 for NFLD.D2; positions 74, 28 and 30 for NFLD.D3; positions 74 and 67 for
NFLD.D8. Evidence was also provided that 73A is required for at least some of these
epitopes. For example, the NFLD.D10 binding epitope, and to a lesser extent that
of NFLD.D8, were created on DRgS1*0301 by the substitution 70G—~A, thereby,
generating the sequence 70-74:QKRAG. Thus, the footprint of the NFLD.D10
epitope may only involve residues 70-73, while that of NFLD.DS8 also requires 74A

and 67L for optimal expression.
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NFLD.D2 NFLD.D3

NFLD.D8 NFLD.D10

Figure 7.5 Location of amino acid residues in DRg 1°0401 molecules that contributed

to antibody binding epitopes. Alterations are indicated by: open circles, amino acid
substitutions that caused a mgmﬁcant alteration to the epitope; closed circles, an

insignificant modification to the epitope; shaded circles, no effect on the epitope.
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The epitopes for NFLD.D2 and NFLD.D3 appear to be further influenced by
more remote parts of the alpha helix and spread onto a region on the peptide
binding site that is normally occupied by peptide. The clearest evidence for peptide
involvement in these epitopes was the profoundly altered antibody binding to
DRA1*0401 molecules when they were expressed by the antigen-processing mutant,
T2. This cell line expresses conformationally unstable class II molecules due to
defective loading of the MHC groove (Riberdy and Cresswell, 1992; Sette et al.,
1992). As might be expected, NFLD.D10 was the least affected by the absence of
normal peptide insertion into the groove, while the binding of NFLD.D2, NFLD.D3
and NFLD.D8 were markedly diminished.

Interpretation of these data and delineation of these epitopes were aided
immensely by the recent publication of the 3-D structure of a DR1 molecule (Brown
et al,, 1993). Amino acid positions 70 and 73 are critical residues for NFLD.D10
which is essentially unmodified by either DR context or by peptide in the groove. In
the DR1 crystal structure the side chains of position 70 have ambigous electron
density (Brown et al., 1993); these data suggest that the side chains of this position,
like those of position 73, point up and away from the peptide binding site; thus, they
are able to make direct contact with either antibody or T cell receptors. In contrast,
are the composition of shared epitopes, such as NFLLD.D2 and NFLD.D3, which vary
considerably with DR context and peptide occupancy. For example, two substitutions

28E and 74E which significantly altered the structure of these epitopes are within a
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polymorphic cluster (8 13, 26, 28, 71, 74, 78) which is important for peptide binding
and orientation (Brown et al.,, 1992; Racioppi et al.,1993; Coppin et al.,, 1993).
Position 86, which is at the entrance to the groove and appears to be involved in
peptide anchoring (Demotz et al., 1993), also contributed to the NFLD.D2 binding
epitope. Thus, the locations of the amino acids that shape these epitopes are
consistent with the idea that peptide occupancy of different HILA grooves can induce
epitope variation; whether or not peptide directly contributes to some epitopes or
acts indirectly by conformational induced alterations cannot be deduced from these
studies.

Other studies have identified shared structures, that form antibody or
alloreactive T cell epitopes on the alpha helix of DR molecules, that correlate with
the presence of an RA "susceptibility sequence® (Winchester and Gregersen, 1988;
Duquesnoy et al., 1984; Hiraiwa et al., 1990). One of the first, designated MC1, was
defined by Duquesnoy et al, (1984) using alloantibodies whose binding correlated
significantly with the presence of DR4 and DR1; however, MC1 was occasionally
found on non-DR4 molecules, a finding that is similar to these antibody epitopes.
Particularly relevant to this work is a study done by Hiraiwa et al (1990), in which
another mAb with MCl1-like specificity, CCCL20, was mapped to residues 70Q, 71R
and 67L on DRA1*0404 molecules. Its epitope is similar to those of NFLD.D2 and
NFLD.DS, since all three are affected by positions 67 and 70, whose side chains face

solvent, but it differs at positions 71 and 86. Position 71 had little impact on
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NFLD.D2 or NFLD.D8, while the position 86 had no effect on CCCL20. Whether
or not residues on the floor of the groove contribute to CCCL20 was not tested, but
the fact that the authors were able to reconstitute this epitope on a
DRB1°1101:70D~Q mutant, suggests that DR context may not be that important.
The failure of NFLD.D2 to be reconstituted by similar mutations in DRB1*1101, and
its overall dependence on DR context and peptide binding for optimal expression,
suggest that its binding epitope more closely resembles that of an alloreactive T cell
epitope.

The idea that a consensus sequence on the alpha helix of some HLA-DR
molecules (QKRAA/QRRAA in DR4 and DR1 or RRRAA in DR10) generates a
conformationally equivalent determinant, that predisposes to RA, was partly based
on the identification of another serological epitope (109d6) found on the cells of
most RA patients (Winchester and Gregersen, 1988; Merryman et al, 1988).
Subsequently, it was shown that the high correlation of this epitope with RA was due
to its presence on DR53 molecules, whose gene is in linkage disequilibrium with
DR4, but which is not associated with RA. However, 109d6 positive molecules also
include DR10 which is associated with RA (Nelson et al, 1992; Ollier and
Thompson, 1992; Sanchez et al., 1990) and DR9 which was recently shown to be
associated with RA in Chile (Gonzilez et al.,, 1992). Interestingly, 109d6 positive
molecules contain 70-73:RRRA, which was shown in this study to form a cross

reactive epitope for NFLD.D10. Surprisingly, the NFLD.D10 epitope was recreated
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on DRA1*1101 carrying the substitution 70Q-R, but not on DRA1*0401 by the same
substitution. Thus, it seems that the consensus sequence QKRAA/ QRRAA/
RRRAA has the potential to generate a similar configuration but which may be
dependent on DR context and peptide in the groove.

The finding that these four antibodies bind to cells that express certain HLA-
DR2 (DR1S5S or/and DRS1) is intriguing since DR2 is not associated with RA
(Nelson et al., 1992; Ollier and Thompson, 1992). Examination of the amino-acid
sequence data however shows that a slight modification of the key sequence QKRAA
or QRRAA is found on some DRg chains from DR2 haplotypes. A possible key to
understanding this apparent paradox of epitope presence but little or no RA
association, is that each DR2 cell expresses both DRS1* and DRBS5* chains. The fact
that QARAA seems not to predispose to RA may be because the closely linked gene
in each case encodes a similar "protective" sequence, the same as that of
DRB1*0402. Thus the potentially susceptible DRg1*15 molecules may be
counterbalanced by 70D in the sequence (70-74:DRRAA) on DRg5*01; conversely,
the potentially susceptible DRS5*02 on DR 16 positive cells may be counterbalanced
by the protective 70D in DRB1*16 molecules. Alternatively, the fact that DRg1*15
and DRgB5*02 chains carry 671 and 71A, while the RA-associated molecules carry
67L and 71K/R may also explain the lack of DR2 association with RA.

It is tantalizing to note that the floors of DR15 molecules are more like those

of DR4 molecules than are the other non-DR4 molecules (DR1, DR14 and DR10)
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that are implicated in RA. Furthermore, both DR1S and DR4 are associated with
several rheumatic diseases that have an autoimmune component. For example, a
shared sequence consisting of residues 26-33:FLDRYFY on the beta strands, together
with 70Q and 73A, on both DR1S and DR4 B chains have been predicted to form
a "shared epitope "™ that is associated with the production of U1-70kd autoantibodies
in mixed connective tissue disease (Kaneoka et al., 1992). In addition, the
development of chronic arthritis in Lyme disease is associated with DR2 and the
same DR4 alleles that predispose to RA (Steere et al., 1990). Recently, Goronzy et
al (Weyand et al,, 1992) also showed giant cell arteritis is highly associated with
DRgA1*0401 and 0404/8 as well as with other DRg chains that carry a shared
sequence on the floor of the groove.

The work presented in this study provides direct experimental evidence that
the topography of shared structures, which map to the g chain alpha helix of the
peptide binding site is influenced by spatially-related residues that are located on the
floor of the groove. The information gained about the NFLD.D2 binding epitope,
which most closely resembles the putative RA"shared epitope™, suggests that the
conformation of the RA "susceptibility epitope" will also vary on the implicated DR
molecules. For example, both epitopes share the pivotal glutamine at position 70 and
require a contribution from leucine at 67, alanine at 74 and glycine at 86; however,
they may differ regarding the involvement of position 71, at which a basic amino acid

is considered important for the RA "susceptibility epitope.” That the substitution of

170



glutamic acid (found in DR1, DR10 and DR 14) for aspartic acid (DR4) at position
28 significantly altered the NFLD.D2 epitope, both in natural variants (DR1 &
DR14) and the DRS1*0401 mutant, suggests that this position contributes to the RA
susceptibility epitope. Because 828 is spatially proximate to 870-74:QK/RRAA, and
because of its importance, along with 71 and 874 in a peptide-binding pocket
(Racioppi et al., 1991; Coppin et al., 1993), a substitution at this position could have
serious implications for the binding and/or orientation of an arthritogenic peptide(s)
by these molecules; we envisage that either the substitution, itself, and/or peptide
binding could conformationally-alter this epitope. The fact, that non-DR4 RA-
associated molecules (28E positive) do not carry the same risk for susceptibility and
disease severity in RA, supports this idea. Furthermore, the critical dependence of
the NFLD.D2 epitope on peptide in the groove reinforces the straightforward idea
that the RA susceptibility sequence may cause its effects by determining T cell
reactions. Whether this is achieved by affecting the T cell repertoire through an
influence on T cell selection in the thymus, or by a peripheral mechanism, is not yet

clear.
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CHAPTER 8

DIFFERENTIATION OF THE T-CELL DEFINED DR4Dw4 SPECIFICITY

FROM OTHER DR4 SPECIFICITIES WITH MONOCLONAL ANTIBODIES!

8.0 ABSTRACT

The T-cell defined DR4 subtypes, Dw4 and Dw14, have not previously been
discernable by antibodies. It is expected that this is due to the conservative nature
of the substitutions (lysine to arginine at position 71 and glycine to valine at position
86) and their involvement in peptide binding. Here we describe two mAbs,
NFLD.D11 and NFLD.D12, having the precise specificities of alloreactive T cell
clones in discriminating Dw4 from other DR4 and non-DR4 subtypes. NFLD.D11
binds only to Dw4-positive cells while NFLD.D12 cross-reacts with 25% of Dw14-
positive B cell lines. The data suggest that these antibodies are peptide-dependent
as they exhibit both tissue and ecies specificity and do not bind to Dw4 molecules
that are expressed on antigen ocessing mutants such as T2. Furthermore, binding
of NFLLD.D11, but not of NFLLD.D12 could be partially reconstituted on mouse cell
transfectants if they were fir pulsed with a human cell extract. Although these
antibodies have similar attribv s to alloreactive T cell clones, it has not yet been

resolved if their epitopes are © = same.

1 Manuscript in preparation
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8.1 INTRODUCTION

Nucleotide sequencing has revealed that the serologically-defined HLA-DR4
specificity comprises several DRB1 allelic variants (Stastny et al., 1992; Bodmer et
al., 1992); eight of these have previously been defined by T-cell recognition methods.
From analysis of the inferred amino acid sequence data (Barbetti et al., 1992; Marsh
et al,, 1992) and epitope mapping studies with anti-DR4 monoclonal antibodies
(Alber et al, 1989; Maurer and Gorski, 1991; CHAPTER 6), it appears that structures
which determine common serological epitopes depend on a combination of amino
acid sequences in the first and second hypervariable regions of the 8, domain and/or
limited polymorphism in the 8, domain.

The T-cell defined subtypic determinants on DR4 molecules map to the alpha
helix of the 8 chains and vary from each other by only one to four amino adds. For
example, Dw4 differs from Dw14 by only two conservative amino acids, lysine (K) for
arginine (R) at position 71 and glycine (G) for valine (V) at position 86. These
positions are located on the alpha helix in such a way that their side chains are
involved in peptide binding (Brown et al., 1993). Since these residues are also found
on certain non-DR4 B chains such as those of DR1 and DR 14, to which a Dw4- or
Dw14-specific T cell clone does not bind, it has been predicted that these
determinants depend on critical residues on the alpha helix, the DR framework and

probably peptides in the MHC grooves (Lechler et al., 1991; Benoist and Mathis,
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1991; Obato et al., 1992; Sherman and Chattopadhyay, 1993).

In view of these findings, it is perhaps not surprising that despite extensive
searches during several HLLA workshops, no reliable allo-antisera were identified that
correlated precisely with the T-cell defined subtypes. However, serological splits of
DR4 were proposed based on weak reactivity patterns that correlated with DR4 8
chains containing either alanine (Dw4, Dw14, Dw1S) or glutamic acid (Dw13 and
DwKT) at position 74 (Williamson et al., 1984, 1992). It is of interest that position
74 is also involved in peptide binding.

The data presented in this paper demonstrate that two subtypic differences
(Dw4 and Dw14) of DR4, previously only amenable to T-cell typing, were clearly
identifiable by two monoclonal antibodies. Furthermore, evidence is presented that
their binding is remarkably similar to that of T cells, since peptide in the MHC

groove is required for formation and integrity of the epitopes.

82 METHODS

82.1 Cells

Human B cell lines were obtained mainly through the 9th and 10th
International Histocompatibility Workshop (IHW) and maintained in RPMI-1640

supplemented with 10% fetal bovine serum (FBS), 1mM sodium pyruvate, penicillin
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and streptomycin (all from Flow Laboratories, McLean, VA). The B cell line, SAVC
(10th IHW number, 9034), which is homozygous for DR4Dw4, DQ8, DP10, was used
for immunization of mice. Peripheral blood B cells (B-PBL) were prepared from
normal blood donors in a two-step procedure; Lymphoprep (Cedarlane Laboratories,
Hornby, ONT) was first used to isolate the mononuclear cells, which were then
depleted of T cells using sheep red blood cells (Qualicum Scientific Limited, Nepean,
ONT) that had been treated with neuraminidase (Sigma, St. Louis, MO) as described
previously (Boyum 1966; Weiner et al., 1973). Different types of transfectants were
also used for some of these studies. Mouse L cell transfectants (DAP-3 DR4 and
1.243.8) which express Dw4 have been described previously (Inoko et al., 1992;
Chapter 6). The mutant B-cell lines, T2, an antigen processing mutant (Riberty and
Cresswell, 1992) and BLS-1, an EBV-transformed B-cell line derived from a patient
with Bare Lymphocyte Syndrome (Hume et al., 1989), were transfected with DRA
and DRB*0401 genes; these two mutant cell lines were kindly donated by Dr. G.

Nepom.

8.2.2 Monoclonal Antibodies

Two monoclonal antibodies NFLD.D11 and NFLD.D12 (IgM kappa isotypes)
were derived from a Balb/c mouse that had been primed with affinity purified HLA

molecules, which were isolated from a cell lysate of SAVC using immunometallic
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beads (Dynal Inc, Great Neck, NY). The complete methodology for the preparation
of HLA-loaded beads has been described by Qi, 1993. Essentially a mAb
(NFLD.M67) which detects a monomorphic determinant on HLA-DP molecules
(Marshall et al.,, 1992) was coated on Dynal beads bearing goat anti-mouse IgG.
These beads were then mixed with the cell lysate and the HLLA-loaded beads were
removed with a magnet. The beads were injected subcutaneously in complete
Freunds adjuvant (CFA) in four sites of a Balb/c mouse and left for 3 months. Three
days prior to splenectomy and fusion the mouse was boosted intravenously with 1 x
10’ SAVC cells. Fusion was carried out using SP2/0-Agl4 cells as previously
described (Drover, 1986). Control mAbs included NFLLD.D1, which binds to an
epitope on the B, domain of all DR4 molecules (CHAPTER 6), 1.243, which binds
a monomorphic epitope on all DR molecules (Lampson and Levy, 1980), and isotype-
matched controls: IgM, D161-X711; IgG1, K040-L631; and IgG2a, A161-L641, which

were obtained from Southern Biotechnology Associates, Inc, Birmingham, AL.

823 Binding Assays

A cellular enzyme-linked immunosorbent assay (CELISA) was used for
screening hybridoma supernatants and for specificity analysis as previously described
(Drover and Marshall, 1986). Indirect immunofluorescence with flow cytometry was

used for some of the analyses using a standard method. Briefly, cells were washed in
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phosphate buffered saline containing 0.1% FBS and 0.01% sodium azide;
approximately, 2 x 10° cells were reacted with 25ul primary antibody or irrelevant
Ig, washed and stained with either goat anti-mouse (GAM)-IgG or GAM-IgM, which
were labelled with fluorescein isothiocyanate (FITC) or phycoerythin (PE). In some
assays double staining was carried out using FITC-CD19 (Jackson Immunoresearch
Laboratories) to stain the B cells. Log fluorescence was read using a Becton

Dickinson FACS Star Plus.

83 RESULTS

83.1 Specificity Analysis of NFLD.D11 and NFLD.D12

83.1A B Cell lines as targets

Two antibodies, obtained from the same mouse, were selected in  eliminary
screening as they were reactive with the immunogen (SAVC) but were . itive with
several other B cell lines. Comparison of HLLA antigens expressed on SA  to those
expressed on the negative BCL suggested that both mAbs recognized : DR4Dw4
subtype. After cloning the hybridomas, the mAbs were further analyzed | CELISA
on a large panel of non-DR4 and DR4 positive BCL, which included t  ajority of
those shown in Table 6.1, CHAPTER 6. Aside from one or two minor re tions (less

than 20% binding), they were completely non-reactive with all non-D expressing
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BCL (data not shown).

The reactivity pattern for the DR4, DR1 and DR 14 positive cells are shown
in Figure 8.1. NFLD.D11 bound strongly to all six BCL that express the Dw4 subtype
(DRB1*0401) of DR4. NFLD.D12 gave an almost identical reactivity pattern to
NFLD.D11, but it also reacted significantly with one of the four lines expressing the
Dw14 (DRB1*0404) subtype of DR4.

Minor reactions were also noted with the remaining two Dw14 positive cells
as well as with a Dw10 positive cell. Neither NFLD.D11 nor NFLD.D12 bound to
cells expressing DRB1*0101, 0102, and 1402, which have previously been shown to
encode epitopes shared with DRA1* 0401, 0404, and 0405 chains ( CHAPTER 7).
These data strongly suggested that NFLD.D11 could differentiate Dw4 from all other
DR4 specificities, whereas NFLD.D12 cross reacted with some of the Dw14 positive
cells. These specificities were subsequently confirmed by complement-dependent
cytotoxicity testing on a panel of 133 BCL including the following DR4 positive
variants: nine Dw4 (B1®*0401) lines, five Dwl0 (B1*0402) lines, four Dwl3
(B1*0403/7) lines, seven Dw14 (B1*0404) lines, five Dw1S (B1*040S5) lines, and three
DwKT2 (B1*0406) lines by S. Marsh at the ICRF in London (personal

communication).
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Figure 8.1 NFLD.D11 (left panel) and NFLD.D12 (right panel) binding to BCL
expressing either DR4, DR1 or DR14 alleles. Binding was measured in CELISA and
the % binding was determined by:
[Optical density (OD) of test] - [OD of background]
X 100%

[OD of 1243 positive control] - [OD of background]
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Figure 82 FACS analysis of double-stained peripheral blood B cells. Cells were stained with FITC-
labelled anti-CD-19 (X axis) and anti-Dw4 mAbs (NFLD.D11 and NFLD.D12) or irrelevant mouse IgM,
which were detected with PE-labelled GAM-IgM (Y axis). The panels on the left show Dw4-positive
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8.3.1B Peripheral blood B cells and mouse cell transfectants as targets

NFLD.D11 and NFLD.D12 were also analyzed by flow cytometry on a panel
of 34 peripheral blood B cells (B-PBL). The pattern shown for NFLD.D11 and
NFLD.D12 binding in Figure 8.2 is representative of the data for all Dw4-positive
and Dw4-negative B-PBL. Neither mAb reacted with any of the 14 non-DR4 positive
cells, while NFLD.D11 reacted with all 12 Dw4-positive cells, but not with the 8
samples that expressed the DR4 subtypes, Dw13, Dw14 and DwKT2; no cell with
Dw10 was available for testing.

NFLD.D11 binding to Dw4-positive cells was between 21% to 60% of the DR-
specific positive control (1L243) or the B-cell marker CD19. However, NFLD.D12
binding was usually less than 5% of the positive control.

Flow cytometry profiles of NFLD.D11 binding to normal B-PBL and B cells
from a chronic lymphatic leukaemic patient (B-CLL) revealed a heterogenous pattern
compared to the relatively homogeneous and strong reactivity observed with SAVC
(Figure 8.3). It also showed that NFLD.D12 binds slightly better to B-CLL than to
the normal B-PBL, but its reactivity is very weak and heterogeneous compared to
that with SAVC.

The mAbs were also analyzed on mouse cell transfectants (Figure 8.3). It can
be seen that the Dw4-positive transfectant (Dap-3 DR4) strongly bound the DR4-
specific mAb (NFLD.D1), but was completely negative with NFLD.D11 and

NFLD.D12.
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The same results were obtained for 1243.4, which is another Dw4-expressing
transfectant (data not shown). This failure of both mAbs to bind transfectants and
of NFLD.D12 to bind B-PBL is intriguing since the Dw4 genes in both cases are the
same. Possible causes for these epitope differences are that these cell types include
the presence of different peptides in the peptide binding grooves, differing assembly

of the molecules in each case or differing glycosylation.

83.2 Contribution of Peptide to NFLD.D11 and NFLD.D12 Binding Epitopes

T-cell discrimination of the Dw4 and Dw14 subtypes is believed to be due to
recognition of determinants in which the critical amino acids are peptide-binding
residues at positions 71 and 86. It was therefore hypothesized that the negative
NFLD.D11 and NFLD.D12 binding to mouse cells expressing Dw4 molecules might
be due to differences between mouse and human peptide bound to the Dw4 grooves.
To test this idea experiments were done to see if NFLD.D11 and NFLD.D12 binding
to Dw4-expressing transfectants could be reconstituted by pulsing them with a crude
lysate from either Dw4 positive cells (SAVC) or DR4 negative cells (KAS116, DR1
and PLH, DR7). These cells were disrupted by freeze-thawing, centrifuged and the

supernatant collected.
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Figure 8.4 Reconstitution of NFLD.D11 binding epitope on mouse cell transfectants.
Three different mouse cell transfectants, expressing DRB1*0401 (Dw4), 0101 (Dw1)
and 0701 (Dw7) were tested for binding NFLD.D11 after exposure either to culture
medium, or to lysates from homozygous BCL: SAVC, DR4Dw4; KAS116, DR1Dw1;
PLH, DR7Dw7. The NFLD.D11 binding epitope was partially restored on the
DRB1*0401-expressing transfectant with each of the lysates, but the other non-Dw4

transfectants were not affected by exposure to these lysates.
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Supernatants, containing crude membranes or the plain culture medium, were used
to pulse Dw4-positive and Dw4-negative transfectants for 18 hr, after which time they
were tested for their capacity to bind NFLLD.D11 and NFLD.D12. Data from one
experiment, presented in Fig. 84, show that binding of NFLD.D11 was partially
restored by this procedure. This phenomenon was not observed for another
transfectant (1.243.4) which expresses the same DRB gene (data not shown). This is
difficult to interpret since both transfectants are derived from the same L-cell
fibroblast line (DAP.3) and bind DR4 mAbs similarly; however, morphologically, the
two cells appear quite different.

This experiment was repeated sometime later with a different batch of cell
lysate; although there was a definite increase in binding to DAP.3 DR4 (81*0401)
pulsed with the lysate, reconstitution was not as marked as in the first experiment.

It is notable that NFLD.D12 binding was not reconstituted in either experiment.

8.3.3 DR4Dw4-specific mAbs do not Bind DR4Dw4 Molecules Expressed on

Mutant B Cell lines

To further explore the idea that these antibody-binding epitopes are
dependent on MHC-peptide complexes, binding studies (FACS and CELISA) were
performed using two mutant human B cell transfectants expressing Dw4, namely, T2-

Dw4 and BLS-Dw4 (Figure 85). The T2 mutant has been shown previously to be
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defective in peptide loading of HLLA molecules and to express conformationally-
altered class II molecules (Sette et al., 1992). It was therefore hypothesized that if
these mAbs were peptide-dependent, they would not bind to T2-Dw4 but that they
might bind to BLS-Dw4 transfectant. This latter cell line does not express its
endogenous class II genes due to a defect in the transcription of its structural genes
(Glimcher and Kara, 1992).

Data from a representative experiment using CELISA to measure binding is
shown in Figure 8.5. As predicted, neither NFLD.D11 nor NFLD.D12 reacted with
T2-Dw4, while both reacted strongly with the normal Dw4-expressing BCL (WT51).
Surprisingly neither mAb reacted with BLS-Dw4.

Since the relative binding of the DR4-specific mAb (NFLD.D1) to both these
mutants was greater than to WTS51, negative binding to the mutants cannot be
attributed to inadequate expression of Dw4 molecules. The negative binding of
NFLD.D11 and NFLD.D12 to BLS-Dw4 transfectants was at that time puzzling since
it suggested that Dw4 molecules expressed on the BLS transfectants might also be
defective in peptide loading. This has subsequently been shown to be the case as
BLS transfectants are unable to stimulate antigen-specific T-cell clones using intact
antigen, but like T2, they can stimulate effectively when exposed to the appropriate
peptide (S Kovats, personal communication). Thus, these data further support the
concept that Dw4-specific antibodies recognize structures that are similar to the

determinants that are recognized by alloreactive T-cells.

186






84  DISCUSSION

The data presented in this paper clearly demonstrate for the first time, that
antibody can differentiate Dw4 from all other DR4 subtypes, including the highl
related Dw14 subtype, with the same exquisite specificity as an alloreactive T ce
The rareness of this finding can be attributed to the conservative nature and locati
of the two amino acids that distinguish Dw4 from Dw14. For example, the ke
polymorphic difference between the two subtypes is an arginine substitution for lys
at position 71 in both dimorphic variants of Dw14 (B1*0404 and 0408); the
variant of Dw14 (B1*0408) is more like Dw4 in that it also has glycine instead
valine at position 86. Furthermore, there is substantial evidence implicating b
positions 71 and 86 in peptide binding pockets (Coppin et al., 1993; Demotz
1993; Brown et al., 1993 ). Thus, not only are the critical amino acids conserv.
and equally charged, but their side chains are buried in peptide binding pock:
that they are inaccessible for TCR or antibody binding.

What then is the nature of the allo-determinant that distinguishes Dw4 :
is it similar to the antibody-binding epitope (s) that have been identified i
study? The phenomenon of alloreactivity and the nature of the allo-detern
have been extensively studied and debated. It is now generally accepted
alloreactive T cells bind complexes of allo-MHC plus a peptide, which mz :

cellular- or serum-derived. This theory is based on considerable experim
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evidence demonstrating peptide-dependency of alloreactive T cell clones, while there
is no clear evidence that empty HLLA molecules stimulate alloreactive T-cells
(reviewed in Sherman and Chattopadhyay, 1993). Whether or not the bound peptide
is part of the allo-determinant or whether it induces a conformational change in the
critical part of the alpha helix to which the TCR binds, has not been complete’
elucidated. For example, some alloreactive T cell clones do not exhibit peptide
specificity, since they have been shown to respond to otherwise empty MF '
molecules that have been filled with different synthetic peptides.

It is beyond the scope of the data presented in this study to answer
question regarding the composition of the antibody binding epitopes. Unfortunat
an informative cell expressing B1*0408 (86G) was unavailable to test the import:
of 86G to the integrity of these epitopes. However, since 86G or 86V is found o
DR molecules and since 71K is also found on the g chains of DR3 and some F
molecules, none of which bind either NFLD.D11 or NFLD.D12, it is likely that .
residues and/ or peptide contribute to the formation of these allele specific epit

The reactivities of the two antibodies are analogous to the type of re t
reported for alloreactive T cells. The best example of this is the restora
NFLD.D11 binding, but not of NFLD.D12 binding to Dw4-expressing mo e ¢
when these cells are pulsed with crude membranes. This finding is reminisce
experiment by Heath et al., (1991) in which a cyanogen-bromide, cleaved 1

derived peptide was used to restore the cytolytic activity of an alloreactive
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clone for H-2K® molecules that were expressed on a human cell. Furthermore, the
failure of both mAbs to bind Dw4 molecules expressed on antigen processing mutants
is similar to the failure of alloreactive T cells to bind empty HLLA molecules. For
example, it is well-known that transfected class II molecules on T2 are
conformationally unstable and are largely occupied by a peptide derived from the
Invariant chain (Sette et al., 1993); however, they can efficiently present exogenously
added peptide to the appropriate antigen-specific T cells. It will therefore be
informative to pulse T2-Dw4 and BLS-Dw4 with B-cell derived and other peptides
to see if the antibody binding epitopes can be restored.

It is interesting to speculate on the derivation of the peptide that purportedly
contributes to these antibody binding epitopes. The fact that the NFLLD.D11 binding
epitope was restored by the human cell lysate and not by the culture medium that
was used for growing the cells suggest that the involved peptide(s) is endogenously-
derived. The failure of NFLD.D12 to be restored by this lysate could be due to
inadequate processing of the human proteins by the mouse fibroblast. It is also
interest that the NFLD.D12 epitope was inadequately expressed on peripheral B
cells, which suggests that the appropriate peptide may be supplied by EBV ¢

possibly by a blast-related antigen. Experiments are planned to test these ideas.

190




CHAPTER 9

GENERAL SUMMARY AND DISCUSSION

90 PREFACE

The work described in this thesis was essentially done in four phases: i) an
attempt to make transfectants expressing DR4 molecules using genomic DNA; ii)
preparation, selection and cloning of hybridomas secreting mAbs that are specific for
DR4 molecules; iii) complete specificity analysis of the anti-DR4 mAbs using various
types of cells; iv) epitope mapping studies using transfectants that express mutated
DR molecules. Most of the experimental details and results have been summarized
and discussed in each of five manuscripts (Chapters 4-8) that correlate approximately
with the different phases mentioned above. In the ensuing sections I will focus on the
background under which certain aspects of the research were carried out and
highlight some unanticipated and intriguing findings that have emerged from this
work. I will also discuss the significance of the information gained from the epitope
mapping studies to furthering our knowledge about a putative "shared epitope™ that
is carried by the various DR molecules that are associated with Rheumatoid

Arthritis.
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9.1 CHOICE OF IMMUNOGEN FOR MAKING DR4 MONOCLONAL

ANTIBODIES

When this work was initiated there were no known monoclonal antibodies
(mAbs) that exclusively recognized either the serologically-defined DR4 specificity,
the putative serological splits (DR4.1, 4.2, and 4.3), or any of the biochemical or T-
cell defined subtypes. One antibody, NFLD.M1, which was shown to be strongly
reactive with DR4 molecules, also reacted weakly with some DRS2 positive cells
(Drover et al., 1986). In addition a few mAbs were described that recognize some of
the DR4 subtypes, but crossreacted with DR1 and/or DR9 (reviewed in Bodmer et
al., 1984; Nispersos et al., 1987). These partially resembled the MC1 specificity, which
is associated with DR1 and the DR4 subtypes (Dw4, Dw14 and Dw15) and which was
shown to confer a higher degree of risk for the development of RA than either DR4
or DR1 alone (Duquesnoy, 1984)

It was clear from previous experience and various reports that the vast
majority of mAbs generated using B cells as immunogens were against non-HLA
molecules or monomorphic HLLA determinants (reviewed in Drover, MSc thesis,
1986). Thus, while the probability of making mAbs to the "shared epitope™
associated with RA was viewed optimistically, the challenge in producing allele-
specific monoclonal antibodies was fully recognized. The fact that Heyes et al. (1986)

had successfully used DP-expressing transfectants to make a mAb to a polymorphic
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determinant on DP molecules, which were normally typed by primed-T lymphocytes,
was particularly encouraging. It was therefore anticipated that the likelihood of
making DR4 allele-specific mAbs would be enormously increased, if DR4-expressing

transfectants were available for immunization.

92  EFFORTS TO CREATE DR4-EXPRESSING TRANSFECTANTS

Since no DR4-expressing transfectants or cloned DR4 genes were immediately
available, an attempt was made to create transfectants using genomic DNA. The
impetus to carry out these experiments came from the work of Kavathas and
Herzenberg (1983, 1986), who had successfully obtained HLA class I-expressing
transfectants by co-transfecting thymidine kinase (tk) negative L cells with undoned
genomic DNA and the chicken tk gene. Based on their calculation that each
transformant contained about 1500 Kb of DNA, which is larger than the entire class
II region, it was predicted that a class II-expressing transfectant could be made in a
similar manner.

Subsequent experiments produced transfectants that expressed either HLA-A
or HLA-B genes, but failed to yield stable transfectants that expressed DR4 or any
other class Il genes. However, the simplicity of the methods that were developed for

selecting and isolating these transfectants (immunomagnetism and replicate plating
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combined with CELISA, described in CHAPTER 4) were considered a notable
contribution to this field. In retrospect, it is perhaps not surprising that stable
expression of class II genes was not achieved. Most of the DNA that is taken up
during transfection is likely degraded and the amount of DNA that encompasses the
region encoding a DR molecule is significantly larger than that which encodes a class
I heavy chain. Furthermore, class Il expression requires that both DRA and DRB
genes be properly integrated into the mouse chromatin structure, while class I
expression requires the integration of a single class I gene. This is because the
resulting heavy chain is able to pair with the endogenous mouse g, microglobulin.

Experiments that were planned to use cloned genes and to investigate whether
a mouse B cell lymphoma (A20), which constitutively expresses class I, would make
a better recipient for class II expression, were terminated because a set of relevant
DR-expressing transfectants became available through the generosity of Raffi Sekaly

and Robert Karr.
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93  TRANSFECTANTS VERSUS B CELLS AS IMMUNOGENS FOR MAKING

ALLELE-SPECIFIC MONOCLONAL ANTIBODIES

Early in the second phase of this study it became apparent that immunization
with DR4-expressing mouse cells was not a panacea for obtaining allele-specific
mAbs. The work described in CHAPTER § underscores some of the difficulties that
were encountered. For example, it was found that most of the antibodies that were
produced to the transfectants were either irrelevant or L-cell specific, which
suggested that the L-cells carried tumour-associated antigens and probably bound
proteins or peptides that were derived from the culture medium. In the final analysis
twenty-nine fusions yielded 15,000 hybrids, of which approximately seventy hybrids,
or one in every 200, secreted an antibody to a polymorphic determinant on HLA-DR
molecules. Although most of these mAbs bound to polymorphic determinants that
were found on a large variety of different DR molecules, several proved to have
interesting and/or novel specificities.

To recapitulate, NFLD.D1 recognized a common epitope on all DR4
molecules and no others; NFLLD.D7 bound an epitope that is present on all DR4,
DR2 and DRS2 molecules; several (NFLD.D2, NFLD.D3, NFLD.D4, NFLD.DS,
NFLD.D9 and NFLD.D10) bound some of the DR4 subtypes as well as some DR
molecules that carried homologous sequences at positions 67-86 on the alpha helix

of the DR B chains. One of these (NFLD.D2) was especially exciting because its
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binding epitope correlated with that of the "shared epitope™ that had been predicted

to be implicated in the development of Rheumatoid arthritis (Gregersen et al., 1987).

Paradoxically, after having made such a huge effort to obtain anti-DR4Dw4
mAbs from fusions in which transfectants were used as immunogens, the most
interesting mAbs came from a fusion in which the mouse was immunized with B
cells. These two mAbs (NFLD.D11 and NFLD.D12, described in CHAPTER 8),
which have the ability to differentiate the Dw4 subtype from all other subtypes, were
created through serendipity. The mouse from which they were derived had first been
immunized with DP molecules, but was boosted with a Dw4-positive human BCL
prior to fusion. Dw4 molecules could potentially have been present in the primary
immunization, if the DP monomorphic mAb (NFLID.M67), which was used to isolate
the DP molecules, binds an epitope on the DP a chain; in this way mixed molecules
(eg. DPa DRB1*0401) as well as normal DP molecules may have been isolated.
However, it is more likely that these Dw4-specific mAbs mAbs, which are IgM,
resulted from the IV boost that acted as a primary immunization for the mouse with
respect to Dw4 molecules. This idea is supported by recent experiments, in which
fusions done after primary immunizations, produced an array of interesting anti-HLA
mADbs (unpublished data). Thus, the work has come full circle as experiments are

now in progress to produce anti-Dw14 mAbs using a similar immunization scheme.
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94  NFLD.D MABS: COMPARISON TO OTHER MONOCLONAL ANTIBODIES

As previously mentioned, the number of mAbs available that identified
polymorphic determinants, particularly those restricted to a particular serotype or
subtype, were disappointingly small. It was therefore of some interest to see if mAbs
produced during the course of this work, particularly those made using transfectants,
had novel specificities. Since this work coincided with the 11th IHW, the opportunity
was provided to compare these specificities with consensus specificities for other
DR4-specific mAbs and alloantisera (Juji et al.,, 1992; Marsh et al; 1992) or
antibodies that ve been otherwise described.

The DR specific mAb, NFLD.D1, was found to have an identical reactivity
pattern to anoth mAb, GS359-13F10 (Alber et al., 1989); however, it was found to
map to a differc t region of the second domain of DRS*04 chains (Maurer and
Gorski, 1990 a CHAPTER 6). A similar mAb (AMO 801, SG616E10) was
analyzed in the serology component of the 1991 IHW, but it was found to have extra
reactivity with I .16-positive B cells. The pan-DR4 specific mAb, NFLD.D7, which
also binds DR and DR2 molecules is somewhat similar to OLI 823. A subtle
difference, howe¢ :r, is that OLI 823 but not NFLD.D7, reacts with DR8 positive cells
(Jujietal, 199  Whether or not they map to the same region of DR4 is not known
as there is no  pping data available for OLI 823..

Several Abs including N1 (BRS 801), PLM 14 (MAZ 801), AC1.59 and JSI
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appear similar to NFLD.D10, since they all bind DR4 molecules with the exception
of the Dw10 subtype and also various non-DR4 subtypes. For example, N1, a human
mADb originally described by Yendle et al., (1990), appeared to be identical to
NFLD.D10, since both bind to B cell lines that express DR1, DR2, DR14, DR9 and
DR10. However, analysis of N1 in the 11th IHW showed that it was essentially
negative with DR2-positive peripheral blood B cells; in contrast NFLLD.D10 binds
strongly to DR2-positive cells BCL, B-PBL and transfectants. The other mAbs also
had fine differences in their specificities; for example, MAE 801 (PLM14) does not
bind DR2-positive cells (Juji et al.,, 1992); AC1.59 does not bind DR2, but crossreacts
with some DR8 and DRS-positive cells (Richardi et al.,, 1984); JSI does not bind
DR9, DR10 or DR2, but binds DR3 and DRS2 ( Sachs et al., 1986).

Each of the other mAbs (NFLD.D2, NFLD.D3, and NFLD.D8) has subtle
differences from each other, but clearer differences from NFLD.D10 or any of the
mADbs described above. In particular, they react either weakly or negatively with the
DR4 subtypes Dw13 and DwKT2. NFLD.D2 closely resembles the MC1 specificity
(Duquesnoy, et al., 1984) and the mAb, CC CL 20 (Dejelo et al., 1986), but again
each has a somewhat different reactivity pattern. For example, NFLD.D2 additionally

reacts with a DRS1 subset of molecules encoded by DRBS*02 genes, while CC CL

20 binds poorly to Dw4 subtypes.
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The singularity of NFLD.D11 and NFLD.D12, which were made using BCL
as immunogens, has previously been addressed (CHAPTER 8). As far as can be
ascertained from a review of the literature, NFLD.D11 is the only known antibody
which can differentiate Dw4 from closely related DR4 and all non-DR4 molecules,
while NFLD.D12 is similar, but crossreacts with Dw14. The only other mAb reported
to recognize subtypic differences in the DR4 specificity is 6ED, which was made
using a Dw13 synthetic peptide (DRB1:66-81) (Muller et al.,, 1992). This mAb
preferentially binds Dw13 and DwKT subtypes but was found to give inconsistent

reactions with Dw4 and DR2 positive cells.

95 LOCATION AND COMPOSITION OF POLYMORPHIC ANTIBODY-

BINDING EPITOPES ON DR4 MOLECULES

The availability of completely HLA-genotyped BCL (Yang et al, 1989; Kimura
et al., 1992) and transfectants expressing single HLA specificities (Inoko et al., 1992)
combined with sequence data for all the known class I genes (Marsh and Bodmer,
1992) have made it possible to assign exact specificities to mAbs. Although the
epitopes for some mAbs can be correctly predicted from such information, precise
epitope mapping is ideally done using cells that express appropriately-mutated genes.

Through the generosity of Robert Karr, a set of transfectants that expressed mutated
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DR genes was made available for detailed mapping studies. Thus, mAb binding
epitopes were identified on the second domain, the alpha helix of the peptide binding
site and to the first and second hypervariable regions of the DR4 g chain. For some

of these epitopes, peptide-binding residues in the groove were involved (see section

9.6).

9.5.1 Epitopes on the Second Domain

The epitope for NFLD.D1, which is exclusively found on DR4 molecules did
not map to the DR4-specific residue (DRB1:96:Y), which was previously shown to
be critical for the DR4-exclusive mAb, GS359-13F10 (Maurer and Gorski, 1991).
However, it did map to the 8, domain, which appears to contain another allele-
specific residue, B1:180:L (Andersson et al., 1987; Gorski, 1990; Marsh and Bodmer,
1992). Studies are currently being done in Robert Karr's laboratory to test whether
this position is critical to the formation of the NFLLD.D1 epitope.

It is interesting that the only DR4-exclusive mAbs, NFLD.D1 and GS59-
13F10, thus far identified, map to different regions of the second domain. Moreover,
a third mAb, NFLD.M1, which is essentially DR4-specific with B-PBL (unpublished
data), but is weakly reactive with DR52 positive BCL and transfectants, also binds
an epitope in the B8, domain (Alber et al.,, 1989). We previously suggested that

DRB:140T is critical for this epitope (Alber et al., 1989), but during this study, it was



shown that NFLLD.M1 bound all three different DRS2 subtypes (Figure 6.1), of which
only one subtype carries 140:T. Thus, although the location of the NFLD.M1 epitope
is known, the residues which contribute to its formation are not immediately
apparent and will require further studies.

It may be of some significance that so few amino acids dispersed over the
second domain constitute several different epitopes. There is some evidence to
suggest that these amino acid differences can also induce structural alterations in T-
cell defined determinants, which are clustered around the peptide binding site. For
example, the only difference between the two T-cell defined subtypes of DR7 (Dw7
and DB1) is an arginine replacement for a glutamine at position 107. Furthermore,
in the murine class I system, it has been shown that mutations in the a; domain of
a class I molecule (equivalent to 8,) altered the binding of alloreactive T cells and
antibody (Potter et al,, 1987; Maziarz et al., 1988). Since the accessory molecules,
CD8 and CD4, interact with the class I @, domain and class Il 8, respectively, one
might speculate that the polymorphisms in these domains may somehow affect the

interaction of MHC and these accessory molecules.
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9.5.2 Epitopes that Map to Sequences on the Floor of the Peptide Binding Site

There was no evidence from these mapping experiments to suggest that the
DR4 allele-exclusive residues 13H and 33H, which are located on the floor of the
peptide binding groove (Brown et al., 1993), were involved in the DR4-exclusive mAb
epitopes described above. The side chains of these residues are buried by bound
peptide so that they are not available for direct interaction with antibody. However,
sequences on the floor were shown to be important for the NFLD.D7 binding
epitope, which was lost when the first and second hypervariable regions of DRB1*04
were replaced with those from DRB1*07 (Figure 6.3). Subsequent analysis of
NFLD.D7 using DRB1*0401 mutants, which expressed single amino acid substitutions
in these regions (9E-W, 11V-G, 13H-Y, 28D-E and 30Y-L), showed no altered
binding to any of these mutants (data not shown). It is suggested that polymorphic
residues on the floor of the groove may induce conformational changes in remote
structural determinants or perhaps, they induce conformational changes through the

family of peptides that they bind (see section 9.6).
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953 Epitopes on the Alpha Helix of the Peptide Binding Site

Most antibodies that bind all DR4 subtypes with the exclusion of Dw10,
usually bind other DR molecules that have glutamine (Q) at position 870. As
predicted this residue was shown to be critical for NFLD.D2, NFLD.D3, NFLD.D8
and NFLD.D10 binding (CHAPTER 7); it has also been shown to be critical for the
binding of similar antibodies, CC CL 20 (Hiriawa et al. 1991) and N1 (Barber et al,
1991). However, none of these mAbs bind all DRB:70Q positive molecules, which
suggests that many diverse epitopes are generated from a common sequence in which
position 70 is pivotal. Furthermore subtle epitope variations result from differences
in peptide binding residues in these MHC grooves. The information gained from
epitope mapping with the DR mutants and natural variants indicate that the
footprints of these mAb-binding epitopes on DRB*0401 are composed as follows:
NFLD.D2, DRB1*67-74:LLEQKRRAA/86:G/28:D; NFLD.D3,B1:70-
74:QKRAA/28:D/30Y; NFLD.D8, Bl: 67-74.LLEQKRAA; NFLD.D10, B1:70-
73:QKRA. It is important to note that these residues may not be all inclusive; for
example, the pattern of binding to non-DR4 wild type molecules (Table 7.1) suggest
that other residues on the floor, (for example, those at positions 26, 31, 32 and 33)
may modify the epitopes of NFLD.D2, NFLD.D3 and NFLD.D8. However, the
appropriate mutants were not available to test this hypothesis.

The epitopes for NFLD.D11 and NFLD.D12 are predicted to involve
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DRB1:71K and 86G, since these are the only two residues that differentiate the Dw4
subtype from Dw14. However, as previously noted, it is unlikely that these antibodies
directly contact these residues since their side chains are not solvent exposed (Brown
et al., 1993). Furthermore, these residues are also found on other DR molecules, to
which NFLD.D11 and NFLD.D12 do not bind. As discussed below, it is predicted
that the Dw4-specific mAbs bind either a composite of residues and peptide or a

conformational determinant that is extremely sensitive to peptide in the groove.

9.6 PEPTIDE-DEPENDENT, ANTIBODY-BINDING EPITOPES ON DR

MOLECULES

The fact that the reactivity patterns for several mAbs differed according to the
cell type on which the DR molecules were expressed was intriguing. Two mAbs
(NFLD.D1 and NFLD.D7) that were made using transfectants as immunogens
generally bound well to transfectants, but unexpectedly, most of the other mAbs,
reacted better with BCL than with the relevant transfectants. Antibodies which
mapped to the putative RA susceptibility sequence were particularly sensitive to
whether the DR molecules were expressed on mouse or human cells. The most
conspicuous example was NFLD.D2, which consistently reacted strongly with Dw16-
positive BCL, but negatively with Dw16-positive transfectants; (Figure 7.1 and

unpublished data). NFLD.D2 also reacted weakly with Dw13, KT, and DR15-
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positive BCL, but not with the relevant transfectants or normal B-PBL. Similarly,
NFLD.D3 and NFLD.D8 also showed some differential binding to human and mouse
cells expressing these DR molecules., but importantly, they bound Dw16-positive BCL
and transfectants equivalently.

In considering the reasons for this phenomenon, it was duly noted that other
HILA antibodies were reported to have a broader reactivity pattern with BCL than
they do with normal peripheral blood B cells or mouse cell transfectants that express
the same specificities (Stinchcombe et al., 1985; Yendle et al., 1990). It is possible
that the higher density of HLLA molecules on BCL (Trucco et al.,, 1980) or low
antibody affinity for a particular DR specificity may explain some, but not all
examples of differential binding. As previously discussed in CHAPTERS 6 AND 7,
the creation of artifacts due to differences in antibody affinity or expression of DR
molecules should have been eliminated or reduced by expressing binding of the test
mAbs relative to a DR positive control mAb.

The explanation that is favoured and for which there is supporting evidence,
is that differences in peptides that bind to the grooves of these DR molecule affect
the conformation of the antibody-binding epitopes. For example, the epitopes for
these mAbs require a contribution from amino acids (828, 74 and 86) that are
involved in different peptide binding pockets in the MHC groove (Brown et al,,
1993). Importantly, the same epitopes were profoundly altered on Dw4 molecules

expressed on antigen processing mutants. The MHC-grooves of molecules expressed



on these cells are either empty or obscured by a large invariant chain fragment that
has not disassociated (Riberty and Cresswell, 1992; Sette et al., 1993). Such molecules
have previously been shown to be non-reactive with certain antibodies to polymorphic
determinants (Mellins et al., 1991). Interestingly, one of the first antigen-processing
mutants identified was produced by immunoselection with a peptide-sensitive DR3-
specific mAb (Mellins et al., 1990, 1991; Sette et al.,1993).

Sequencing of peptides eluted from class II grooves has revealed that the
majority of these peptides are endogenously derived (Rudensky et al., 1991; Chicz et
al, 1993). Therefore it is likely that the array of peptides that bind to the MHC
grooves of molecules expressed on EBV-transformed B cells, normal B cells and
mouse cell transfectants will be different in composition, size and orientation. Such
differences have the potential to alter conformational determinants on the alpha
helix, as was observed for the antibody-binding epitopes for which DRB1:70:Q was
critical. Such antibodies are often referred to as "peptide-sensitive™.

At the extreme end of this spectrum of peptide-sensitive antibodies are the
Dw4-specific mAbs (NFLD.D11 and NFLD.D12) which absolutely require particular
peptides or subsets of peptides in the groove for binding. Since they both exhibit no
binding to Dw4-positive mouse cells but differ in their binding to B-PBL, it seems
unlikely that the required peptides are derived from culture medium. The data
presented in (CHAPTER 8) suggests that the peptides are endogenously-derived;

furthermore, the lack of NFLD.D12 binding to normal B-PBL suggests that the
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peptide involved in this epitope may be EBV-derived. Further investigation is
required and experiments are planned to elucidate the nature of the peptides

involved in these epitopes (See section 9.9)

9.7 SIMILARITIES BETWEEN THE SPECIFICITIES OF ALLOREACTIVE T

CELLS AND ALLELE-SPECIFIC ANTIBODIES

The generally accepted paradigm for antibody recognition of allo-MHC is that
an antibody binds to conformational determinants and that its affinity is such that it
is relatively unaffected by subtle changes to the conformation that may be brought
about by the array of different peptides that bind to the groove. In contrast,
alloreactive T cells are believed to bind either a composite of peptide and MHC or
are exquisitely sensitive to peptide-induced alteration of critical determinants on the
alpha helix (Sherman et al., 1993; Ramansee et al., 1993). Thus, to suggest that
certain antibodies potentially recognize allo-determinants in the same way as T cells
may seem at first like a renunciation of the current dogma of T-cell and antibody-
recognition of antigen. However, it has been clearly shown in the murine system that
the binding of certain allo-antibodies to H-2 is peptide-dependent.

Substantial evidence for peptide involvement in antibody-recognition of allo-
epitopes has come from two recent reports regarding several allo-antibodies to H-

2K®. Both studies utilized the availability of mutant cell transfectants which do not



normally express class I molecules due to deletion of the TAP1 genes; however by
utilizing temperature shifts, such cells can be induced to express empty class I
molecules. Such molecules .are useful for identifying the composition of peptides that
affect T cell or antibody allo-recognition. Thus, some allo-antibodies to H-2K® were
shown to differentially bind to different peptide/H-2K® complexes (Hogquist et al.,
1993; Sherman et al., 1993). Furthermore, these mAbs varied in their ability to
immunoprecipitate H-2K® molecules that were loaded with known peptides (self or
foreign). Using different variants of a peptide that had been shown to affect the
binding of some but not all antibodies, Hogquist further showed that the seasitivity
of certain antibodies to peptides was due to steric hinderance induced by solvent-
exposed residues on the peptide. Importantly, a few antibodies were sensitive to
peptide variants in which the residues were not exposed but buried in the MHC
groove. It was further shown by Sherman et al (1993) that acid-eluted peptides from
K® molecules immunoprecipitated with these antibodies, varied in their ability to
reconstitute the activity of a panel of T cell clones.

It is intriguing that the reaction patterns of the peptide-sensitive or peptide-
dependent anti-DR4 antibodies that are described here, have similar or identical
reaction patterns to some of the specificities of alloreactive T cells (Goronzy and
Weyand, 1989, Flomenberg et al, 1989; Obata et al., 1992). These can be divided into
two groups: allele-exclusive mAbs such as the anti-Dw4 (NFLD.D11) which, like an

alloreactive T cell has the power to differentiate Dw4 from Dw14. The second group



is crossreactive and recognizes determinants that are formed by homologous
sequences on the alpha helix. It is thus interesting that, like antibodies, more
alloreative T cell clones belong in this category than in the former category. For
example, several T cell clones recognize different but overlapping epitopes on DR4
and certain non-DR4 molecules. One such T cell clone (6052) from the 10th IHW
recognizes Dw4, Dw14, Dwl, Dwl6 molecules; similar clones have also been
described by others (Goronzy and Weyand, 1989). Interestingly, this pattern is almost
identical to that of NFLD.D2 except that the latter also binds DRBS*02-encoded
molecules on DR16 haplotypes. Again it is interesting to note that another clone
(6047) from the same workshop recognized a determinant on cells expressing DR1,
DR16, Dw14 and Dw16, which is similar to the NFLD.D3 specificity. It has been
clearly demonstrated, using site-directed mutagenesis of the relevant DR genes, that
the CC CL 20 antibody-binding epitope is remarkably similar to a T cell determinant
on DR1, Dw16 and Dw14 molecules (Hiriawa et al., 1991).

Altogether these observations and results suggest that alloreactive T cell
clones and certain antibodies bind a similar set of allo-determinants. It is also
noteworthy that some investigators have shown that some murine allo-antibodies
showed a total dependence on a particular subset of peptides in the groove. For
example, Murphy et al (1990) reported on a mAb that recognized a subset of I-A®
molecules, which were later shown to contain peptides from the I-E a chain

(Rudensky et al., 1991).
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9.8 SIGNIFICANCE OF NFLD MABS FOR FUTURE STUDIES OF THE HLA-

DR ASSOCIATION WITH RHEUMATOID ARTHRITIS

The HLA-DR association with Rheumatoid Arthritis was extensively reviewed
in CHAPTER 2. In summary a homologous sequence DRB1:70-
74:QKRAA/QRRAA/RRRAA is found in approximately 90% of hospital-based
patients. These sequences are predicted to form similar epitopes, usually referred to
as "shared epitopes" that somehow confer susceptibility to the development of RA.
However RA is heterogenous with symptoms ranging from mild polyarthritis to
debilitating destruction of the joints and even to showing extraarticular features. An
accumulating body of evidence suggests that the severe forms of this disease are
more likely to occur in DR4-positive individuals. In particular, the genotype,
Dw14Dw4 confers the highest degree of risk for severe forms of the disease
(Wordsworth et al., 1992; Weyand et al., 1992). It has therefore been suggested that
these DR subtypes may serve as useful prognostic markers, but more studies of a
prospective nature are required to confirm this hypothesis. Possible roles for NFLD

antibodies in such studies are discussed below.
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9.8.1 Application of anti-DR4 mAbs for Diagnosis and Prognosis

At least three of the mAbs that are described here may be useful in aiding
the diagnosis and treatment of RA. Firsty NFLD.D1 can identify all DR4
individuals; NFLD.D2 can identify those that carry the putative susceptibility
sequence; NFLD.D11 can identify individuals who have Dw4, which is the subtype
most commonly associated with severe forms of RA. Other mAbs which map to this
region may also be useful for identifying susceptible individuals. In fact one of the
objectives of this work was to study the binding of mAbs such as these so as to
compare results on a panel of cells from RA patients with those on cells from normal
controls.

Preliminary studies have been carried out on a panel of EBV-transformed
cells and B-PBL from patients and controls. Essentially, the mAbs gave the same
binding pattern on RA cells as they do on cells from healthy people, that is the
binding correlated with the same DR specificities. Studies are in progress to test the
usefulness of NFLLD.D2 and NFLLD.D11 for identifying RA patients who carry the
susceptibility sequence and those who may be at an increased risk for the

development of severe RA.
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98.2 Relevance of Antibody and Epitope Mapping Studies to Understanding the

Nature of the *Shared Epitope' in the Development of RA

The epitope mapping studies described here provide direct experimental
evidence for the existence of several overlapping structural determinants on the
alpha helix of the DR molecules that are associated with RA. This concurs with what
was found for T cell recognition of determinants that 1 p to this region (Goronzy
and Weyand, 1989; Hiraiwa et al., 1991). A significant finding from these studies was
that the NFLLD.D2 binding epitope, which most closely resembles the putative
RAP"shared epitope™, was profoundly modified by the )R framework and peptide
in the groove. By implication the conformation of the RA "susceptibility epitope”
will vary also on the different DR molecules that are a ociated with RA, and may

explain why non-DR4 molecules confer lower relative ks for the development of

RA, despite carrying an identical susceptibility sequence.

9.8.3 Putative Role for DRB1:28D in the RA Susceptil lity Sequence

An in-depth analysis of these data suggest that  ition 28 may be intimately
involved in conferring susceptibility to the development 'RA. The evidence for this
is derived from several observations. First, all non-DR4 0lecules that carry the RA

susceptibility sequence, but confer low relative risk f the disease, have glutamic
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acid at position 28. In contrast the DR4 molecules that carry the same susceptibility
sequence and confer the highest degree of risk have aspartic acid at this position.
Secondly and importantly, the DRB1:28:D—~E substitution in the DRB1*0401 mutant
and in natural variants (DR1 & DR14) profoundly altered the NFLD.D2 epitope.
Thirdly, because B28 is spatially proximate to the consensus sequence B70-
74:QK/RRAA, and because of its importance, along with 871 and 74 in a peptide-
binding pocket, a substitution at this position could have serious implications for the
binding and/or orientation of an arthritogenic peptide(s) by these molecules. In these
experiments peptide in the groove clearly altered the structure of the NFLD.D2
binding epitope.

It is therefore predicted that either the substitution at position 28, itself,
and/or peptide binding modifies the "shared epitope™ such that the epitope on
DR4 molecules is conformationally different from that which is present on DR1
molecules. Whether it is an alteration of the conformation of the shared epitope or
the ability to bind different peptides in the groove that is responsible for the different

degrees of risk conferred by these different molecules is open to speculation.
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9.9 FUTURE PLANS

The potential of these mAbs as markers for RA susceptibility and severity
have already been addressed in section 9.8. Since a Dwl14-specific mAb would
increase the potential of their value as prognostic markers, efforts will be made over
the next few months to accomplish this. It is further anticipated that these mAbs may
be useful for probing the nature of the peptides that bind to the RA-associated MHC

grooves and those peptides that are involved in the composition of allodeterminants

on the Dw4 molecules.

9.9.1 Purification of MHC-Peptide Complexes from Rheumatoid Synovium

If one operates on the premise that RA is initiated or persists due to T cell
recognition of an "arthritogeneic" peptide bound to the groove of a "susceptible™
DR molecule, then it is conceivable that, by using these mAbs for the purification of
MHC:-peptide complexes, information may be gained about the nature of the
narthritogeneic® peptide. The advantage of this collection of mAbs over
monomorphic mAbs is that they are specific for the molecules that are implicated in
RA and that they include antibodies whose epitopes are either sensitive to or
dependent on the peptides that are present in the grooves. For example, NFLD.D2

preferentially binds DR molecules which are implicated in susceptibility to RA and
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is peptide senstive; NFLD.D11 is Dw4-specific and peptide-dependent; NFLD.D1 is
DR4-specific and appears to be unaffected by peptides that are bound to the grooves.
Thus, the application of these mAbs to the purification of MHC-peptide complexes
from RA synovium and microsequencing of the peptides, might provide insight into
the nature of the peptide that triggers RA. Such findings might have implications for

the design of therapeutics.

992 Mapping of Dw4-specific Epitopes

The composition of the epitopes for the two Dw4-specific mAbs is particularly
intriguing and requires further characterization. Preliminary work using crude
membranes from EBV-transformed cells indicated that at least the NFLD.D11
binding epitope could be reconstituted on Dw4-positive mouse L cells. The
experiment needs to be repeated using peptides from cyanogen-bromide cleaved
membranes (Heath et al., 1991). These peptides could be fractionated by HPLC and
each fraction tested to see if one or more can reconstitute the epitopes on Dw4-
positive L cells and/or Dw4 positive T2 cells. This is analogous to similar work
described by Sherman et al., (1993) on reconstitution of alloantibody epitopes and
alloreactive T cell determinants on the empty H-2K® molecules expressed by the T2
antigen processing mutant cell line. Restoration of these epitopes on Dw4-positive

L cells would be of particular interest, since the panel of DRB1*0401 mutants
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(described in CHAPTER 7), in which each carries a single amino acid substitution,
could be used to investigate the importance of residues on the floor and the alpha

helix to the formation of these determinants.
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